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Abstract
Ecosystems are complex and dynamic making them challenging to understand. We urgently need to assess human impacts on ecosystems which cause changes in structural feedbacks producing large, hard to reverse changes in state and functioning. System dynamics has proven to be a useful and versatile methodology for modelling complex systems given the comparative ease with which feedback loops can be modelled. However, a common issue arises when models become too large and structurally complex to understand the causal drivers of system behaviour. There is a need for an intermediate level of analysis capable of identifying causal driving structures and dynamics, regardless of model complexity. This study investigates Loop Eigenvalue Elasticity Analysis, a structural analysis technique commonly used in business and economic system dynamics models, and evaluates its utility for identifying feedback loop structures responsible for behavioural changes in complex ecological systems. The approach is demonstrated by analysing a simple lake system model that has been extensively studied in the past for its capacity to undertake critical transitions between alternative stable states. We show how the dominance of feedback loops can be tracked through time building influence over the system’s behaviour decades prior to the actual collapse in the system. We discuss our findings in the context of studying complex ecosystems and socio-ecological systems. 
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Introduction
Socio-ecological system models represent the interconnected nature of society and the environment. These systems are complex, able to exhibit emergence and self-organisation, with behaviours arising endogenously through non-linear dynamics (Güneralp 2006). A defining characteristic of socio-ecological systems is multiple feedback loops which collectively form the internal structure of the system (Meadows 2009), but disentangling and prioritising those feedbacks in order to understand system behaviour and develop effective policy is no simple task. Indeed, a necessary condition for labelling a system a socio-ecological system is that of a feedback loop operating between social and ecological elements. It is such feedback loops that are often the primary drivers of emergent system behaviour (Sterman 2001). Here, we use the term ‘driver’, in the context of structural feedback loops, to mean the main endogenous cause of a system’s behaviour. Systems may exhibit strong non-linear dynamics which are explored with the concepts of critical transitions between alternative stable states, regime shifts, and tipping points with potentially hard or effectively impossible to reverse changes in state due to properties of hysteresis (Scheffer 2009; Carpenter 2005).  Consequently socio-ecological systems are hard to understand, hard to predict and difficult to manage (Meadows 2009).  Maintaining socio-ecological systems in desirable states and understanding why their behaviours change through time is fundamental for economic growth, poverty alleviation and general wellbeing (United Nations 2015; Scheffer 2009). 
Process based, mechanistic, bottom up modelling has been used to understand socio-ecological systems (Verburg et al., 2016). System dynamics is one methodology that can be used to increase our understanding of such systems. System dynamics models are structural representations of dynamic real world systems. They take a resource based view of the world, characterising a system through a set of stocks and flows in order to represent its structure. Stocks are often, but not only, material goods, and flows are pathways of material between stocks (Ford 2010). 
System dynamics has an established track record of being applied to ecological and socio-ecological modelling (e.g. Ford 2010; Meadows 2009; Dyson & Chang 2005; Saysel et al., 2002; Vezjak et al., 1998). Powerful and intuitive software packages such as Vensim (Ventana Systems, Inc. 2006) and STELLA (isee systems 2016), the exchange of established models and modelling libraries allows potentially very complex systems to be represented with models that produce output via computationally efficient numerical integration schemes. Whilst this has allowed a wide range of system dynamic models to be developed, it has, at times, produced models that are difficult to assess with regards to their overall utility in increasing our understanding of real world systems. Such models can be challenging to parameterise, validate and interpret (Voinov & Shugart 2013). The risk is that some system dynamics models are essentially black box representations of the target system making them effectively as hard to interpret as their real world counterparts (Voinov & Shugart 2013).   
In this study, we investigate a methodology that could increase our understanding, and potentially prediction, of large changes in system structure and functioning through a quantitative analysis of feedback loops as endogenous determinants of system behaviour. Rather than searching system-level properties and variables for statistical properties of impending critical transitions (Scheffer 2009; Scheffer & Carpenter 2003), we instead focus on the structural properties of the system which drives such behaviour. 
We are motivated to understand how these sub-processes function collectively in producing system behaviour. One analogy is that if the system dynamics model is an organism that we can observe via its output, then we seek to understand the processes that drive such behaviour by peering within the model in order to identify ‘organs’ and ‘physiological processes’. This analysis can be used in conjunction with evaluation of the system output, the system’s stability, and identification of the most important components with respect to specific behaviours. In this study we investigate the mechanisms responsible for generating stability and instability within a system, how these change through time, whether stability or instability is dominated by an individual driver or generated by several, and how these drivers change in dominance as a system undergoes a transition between alternative stable states. 
The technique explored within this study is known as Loop Eigenvalue Elasticity Analysis (LEEA). LEEA expands on the knowledge gained from linear stability analysis and graph theory, identifying a set of feedback loops within a system’s structure known as the Shortest Independent Loop Set or SILS (Oliva 2015; Oliva 2004), which are collectively responsible for generating stability and instability within the system. A description of SILS, what it does and, and how it is applied can be found within the Supplementary Information Section 1 of this paper. LEEA then structurally analyses the loop set, identifying which feedback loops are dominating the system’s behaviour at any point in time, generating a hierarchy of the influential feedback loops of the system. 
Exploring ecosystem dynamics through the study of feedback loops has already shown potential to improve our mechanistic understanding of critical transitions and stability within lake systems (Kuiper et al., 2015). While the methodology of Kuiper et al. (2015) focusses primarily on food webs, their motivations of finding feedback loops within a lake ecosystem in order to determine stability and critical transitions between two regimes is similar to this study.
Previous research has demonstrated that LEEA can increase understanding of system behaviour and causal drivers across a range of model systems (Oliva 2015; Kampmann 2012; Kampmann and Oliva 2008; Güneralp 2006; Güneralp 2005). Thus far the method has only seen limited use in the field of socio-ecology in the context of agriculture (Bueno 2013; Bueno 2012) and the Baltic cod fishery as a potential practice to be undertaken after conducting generalized modelling (Lade 2015). Here we extend this work and evaluate LEEA in the context of critical transitions and regime shifts, implementing loop analysis of a small lake model which can undergo critical transitions between clear and turbid states as a consequence of human drivers.
A full explanation of the limitations of the LEEA technique, along with many solutions to these limitations have been addressed by Güneralp (2006). Efforts to make the technique more automated have been conducted by Sergey Naumov and Rogelio Oliva and can be found online (Naumov & Oliva, Accessed 2017).

The model
The model chosen to demonstrate the application of LEEA has been developed from Carpenter (2005) which formulated a simple model of a shallow lake, Lake Mendota in Wisconsin, USA, using empirical data for soil, lake and sediment phosphorus levels. The model was bistable as increasing phosphorus input in the lake produced a critical transition with a sudden shift from a clear to a turbid state.  Shallow lakes are classic examples of bistable systems, capable of discrete transitions from clear to eutrophic conditions (Wang et al., 2012) and their properties are relatively well known (Carpenter et al., 2011; Carpenter 2005; Ludwig et al., 2003; Scheffer & Carpenter 2003; Scheffer 1998) with current theories attributing many eutrophic regime shifts to large influxes of phosphorus through anthropogenic activity such as fertiliser runoff from farms in the lake catchment area. The model has been chosen for two principle reasons: 1) The main focus of the model’s dynamic behaviour is a critical transition, allowing for an investigation of feedback loop behaviour around the point of a critical transition. 2) The model is relatively simple, allowing for a quantitative account of LEEA to be presented, and assessment of LEEA’s utility for the analysis of such systems. 
Background
Lake Eutrophication
Lake Mendota is a shallow freshwater lake surrounded by agricultural fields which receive ample supplies of phosphorus fertiliser. Soil erosion leads to excess phosphorus from the fertiliser, not taken up by vegetation, to be washed into surrounding streams and rivers, eventually leading to the lake. This process concentrates phosphorus runoff from the lake’s catchment area into lake water where the excess of nutrients causes algal blooms to form. The formation of these blooms leads to plant death by blocking sunlight, fish death by generating anoxic conditions and phosphorus recycling from the lake sediment, which increases the already high levels of phosphorus in the system (Scheffer 2009; Scheffer & Carpenter 2003; Scheffer 1998). Combined, these events can cause a lake to undergo a critical transition from a nutrient poor, high biodiversity, clear water state to a nutrient rich, low biodiversity, eutrophic state.
Lake Eutrophication is not only detrimental for the lake biota and biodiversity, it can have adverse effects on the system’s provision of ecosystem services. Provisioning services are impacted primarily through the collapse of fisheries. Cultural services such as recreation and tourism are also affected (Dodds et al., 2009; Scheffer 2009). Attempts to return a eutrophic lake to its previous clear conditions require the levels of phosphorus in the lake to be reduced but these systems can have large hysteresis loops, making them very challenging to recover (Carpenter et al., 1999). If nutrient levels are reduced sufficiently, the lake becomes capable of undergoing a reverse critical transition, returning to its former low nutrient, clear state, however such a reverse in conditions may take many years (McCrackin et al., 2016; Wang et al., 2012). 
Feedback Loops
Feedback loops can emerge in systems as coincidental structures when multiple interactions form between components that link an output back to its original source. Feedback loops are capable of existing in one of two forms, positive or negative. Positive feedback loops are known for generating reinforcing behaviour in a system and are associated with exponential growth or collapse, and are often found to be the causes of system instability. Negative feedback loops generate balancing behaviour within a system; they are associated with oscillatory trends or dampening and are often found to be the cause of system stability (Ford 2010). While the premise of positive and negative feedback can be easily understood, it is the interconnected nature of multiple feedback structures together that makes the behaviour they generate difficult to predict. 
Feedback loops can be represented in models by constructing connections between variables that interact with each other, where multiple connections join together to form a loop. These can be represented as coupled ordinary differential equations. Here we focus on the structural properties of the model system and the feedback loops which drive their behaviour. In 1982, Forrester (1982) first used concepts established within classical control theory, using eigenvalues to describe the behaviour of linear systems, to decompose the behaviour of linearized system dynamic models into simple reference modes. Forrester (1983; 1982) then used this method to develop the concept of eigenvalue elasticity of model parameters which became known as Eigenvalue Elasticity Analysis (EEA). Loop Eigenvalue Elasticity Analysis (LEEA) was introduced in 1996, by Kampmann (2012) who extended the work of EEA, formally linking the strength of individual feedback loop structures to system eigenvalues. LEEA has since been applied to economic and industry modelling, with methodological refinements being made over this period (Saleh et al., 2010; Güneralp 2006; Kampmann and Oliva 2006). LEEA is based on the ability to describe a system’s behaviour through a set of eigenvalues at any moment of time and relate changes in output to influential feedback loop structures within the system. 
The strength and sometimes even sign of feedback loops can alter in response to external drivers. Changes which occur to a system can generate changes to the strengths (i.e. the change in output from a change in input) of individual links (the structural connection held between two system variables). Changes to the strength of individual links consequently change the strength of feedback loops, which as a result are able to generate changes to the system’s eigenvalues. The ‘strength’ of a link may be referred to as the link gain and likewise the ‘strength’ of a feedback loop may be referred to as the loop gain, further explained in the Methodology section (see below) (Güneralp 2006). Changes in feedback loop gain which create large changes to eigenvalues indicate high influence of that feedback loop on the current behaviour, while changes in loop gain which produce small changes to eigenvalues indicate little to no influence of that feedback loop on the current behaviour.  LEEA is therefore able to identify how much an individual feedback loop has dominance over the current system behaviour, allowing the user to identify a hierarchy of loop influence. 
Methodology
The following section gives an overview of the steps required to undertake LEEA. The formalism and expansions on the following steps can be found in the Supplementary Information Section 1.

Calculation of loop eigenvalues and loop influence values is conducted via the following process:

1) The Jacobian Matrix of the linearized dynamical system model
2) Eigenvalues of the Jacobian matrix 
3) Loop Gain
4) Loop Elasticity & Loop Influence

1) The Jacobian Matrix is an x square matrix where each element of the matrix is a partial differential equation that represents how one stock variables of the system affects another stock’s derivative, when all other variables are kept constant. The coefficients of the matrix therefore represent the links that exist between stocks (Gonçalves 2009).

2) Eigenvalues are calculated from a system’s Jacobian matrix and therefore the number of eigenvalues of a system is equal to the number of stocks in that system. From linear stability theory, eigenvalues can be used to determine if a system at a fixed point is stable or unstable (Glendinning 1994). Eigenvalues are capable of being real, or complex numbers with a real and imaginary part. An eigenvalue with a real, negative value is associated with the system converging towards a fixed point. If the real part of all eigenvalues are negative, then the fixed point is stable. An eigenvalue with a real, positive value is associated with the system diverging away from a fixed point. Therefore, if the real parts of any of the eigenvalues are positive, then the fixed point is unstable. Eigenvalues which are complex are associated with oscillatory behavior and means the system will express either sustained oscillations, expanding oscillations or dampening oscillations if the real part of the complex eigenvalue is zero, positive or negative respectively.

Eigenvalues which sit at or close to zero play a vital role in determining the system’s state of stability. A system is determined to be unstable for any given time period while at least one eigenvalue holds a real positive value. This means that large changes in negative eigenvalues which remain negative, portray less information about a system’s state of stability than small changes which happen to eigenvalues at or around zero. 

When interpreting output from LEEA, it is possible to gain a different hierarchy of loop dominance from each eigenvalue within a system as different elements will be responsible for generating each eigenvalue (Oliva 2016). This can lead to multiple outputs with apparent contrasting results as different feedback loops are capable of expressing dominance across different eigenvalues. To reduce confusion, eigenvalues holding the largest real positive values may be prioritised first for interpretation. The greater the value of an eigenvalue, the more it determines the system’s current behaviour. While this allows the elasticity and influence plots of some eigenvalues to be prioritised and others largely ignored, attention must be paid to eigenvalues switching dominance and to eigenvalues at or close to zero as this would change which eigenvalues which must be prioritised.   

3)  Loop Gain reflects the overall strength of a feedback loop and is the product of the link gains whose associated links join together to form a loop. Link gains reflect the strength of influence of one variable upon another. An increase in an output with a fixed input infers an increase of gain within that link. Loop Gain is required to compare changes within the system’s feedback loops against the system’s eigenvalues. 

4) Loop Elasticity is the change in an eigenvalue relative to change in loop gain (Kampmann & Oliva 2008, Kampmann & Oliva 2006). Thus loop elasticity indicates how much a loop contributes to changes within an eigenvalue. Loops with high absolute values of elasticity contribute the most to changes within an eigenvalue. 

Loop Elasticity derives from an inherent connection that exists between system eigenvalues and loop gain through a system’s characteristic polynomial ( (Kampmann 2012). A characteristic polynomial takes the form , where  is an Identity Matrix and , the systems Jacobian Matrix. Loop gains make up the coefficients of the characteristic polynomial, while eigenvalues are determined as its roots. This connection between the two means that changes which occur in the gain of a loop can have a direct impact on the system’s eigenvalues and the extent to this impact can be measured in the form of Loop Elasticity. 

Loop Influence values determine the type of contribution a loop is having over an eigenvalue. A positive value of loop influence indicates a loop generating instability within an eigenvalue, while negative values indicate the generation of stability (Kampmann & Oliva 2006). Similar to loop elasticity, the greater the absolute value of a loop’s influence, the greater the contribution that loop makes to the system’s current behaviour.


Results 
The PLUM model
Carpenter’s study of Lake Mendota (Carpenter 2005) is represented using system dynamic terms in the form of the PLUM model ((P)Phosphorus (L)Loops in (U)Soil and (M)Sediment) (Figure 1). 
System dynamic modelling is carried out using Vensim, which numerically integrates Carpenter’s series of ordinary differential equations. The model allows the user to visualise the number, polarity, position and interaction of the system’s feedback loops alongside providing the ability to easily implement and manipulate the system’s structure and dynamics. While representing the system’s internal structure in this manner is not necessary for LEEA as it can be computed purely numerically; it is easy to do the computation in a software such as Vensim, so it is worth the effort of building a system dynamic model. Vensim is not necessary for this analysis, but it allows for easy manipulation of loop structures and numerical solutions, which facilitates model construction. Vensim also compliments the online materials Naumov & Oliva (Accessed 2017), which have been designed to streamline the analysis process, including the ability to extract time series data from each simulation quickly and effectively. The packages used to calculate the results within this article were from the 2017 online material and require Vensim and Mathematica to reproduce, a link to the PLUM model and Mathematica codes used to generate the results can be found in the Supplementary Information, Section 2.
Carpenter’s (2005) study describes dynamic properties of phosphorus levels within a lake system as a set of coupled differential equations. This simple model, which is typically parameterised to empirical data, relates changes in the concentration of phosphorus in the water as phosphorus input into the lake increases over time. These equations model changes of phosphorus within the soil of the land (U), the water of the lake (P) and the lake sediment (M). A table listing all terms, units and descriptions is given in Table 1. The change of soil phosphorus over time if defined thus:
	
	(1)



with the runoff parameter c being important in driving the dynamics of concentrations of phosphorus in the water:
	
	(2)



Phosphorus can be stored or released in the lake sediment thus:
	
	(3)


Derivation of the values used can be found in Carpenter (2005). The equations themselves have been developed from previous studies of lake dynamics (Carpenter & Kinne 2003; Ludwig et al., 2003; Carpenter et al., 1999). 
The sigmoidal function, the last term of equation 2 and 3 represents high levels of phosphorus being reintroduced to the system from the sediment through phosphorus recycling, as phosphorus levels in the water column become enriched from agricultural and non-agricultural sources. Phosphorus recycling involves stored phosphorus, which has been accumulating in the lake sediment over year to decadal timescales, being released back into lake water as a consequence of chemical reactions driven by anoxic conditions at the bottom of the lake. The anoxic conditions are generated by populations of bacteria, which deplete oxygen during their decomposing of organic matter. The increase in organic matter, and so bacterial decomposition and bottom water anoxia, is a consequence of increased populations of algae and other lake biota taking advantage of the increasing levels of phosphorus in the lake water (Scheffer 2009; Carpenter 2005; Ludwig et al., 2003; Scheffer 1998). 
	Symbol
	Definition
	Units
	Nominal Value

	b
	Permanent burial rate of sediment P
	y-1
	0.001

	c
	P runoff coefficient
	y-1
	0.00115

	F
	Annual agricultural import of P to the watershed per unit lake area
	g.m-2.y-1
	31.6

	h
	Outflow rate of P
	y-1
	0.15

	H
	Annual export of P from the watershed in farm products, per unit lake area
	g.m-2.y-1
	18.6

	m
	P density in the lake when recycling is 0.5 r
	g.m-2
	2.4

	r
	Maximum recycling rate of P
	y-1
	0.019

	q
	Parameter for steepness of f(P) near m
	Unitless
	8

	s
	Sedimentation rate of P
	y-1
	0.7

	W
	Nonagricultural inputs of P to the watershed prior to disturbance, per unit lake area
	g.m-2.y-1
	0.147

	WD
	Nonagricultural inputs of P to the watershed after disturbance, per unit lake area
	g.m-2.y-1
	1.55


Table 1. Modified from Carpenter (2005). Model parameters, nominal values and units used to implement PLUM.
Numerical solutions for the model were computed for 1000 years to recreate Scenario 1 from Carpenter’s model (Carpenter 2005). Scenario 1 undergoes the following changes:
0-100 years,	presettlement conditions, F = H = 0 and W is set to undisturbed conditions. 
100-200 years, 	advent of agriculture, W changes to its disturbed value (WD).
200-250 years, 	intensive industrialized agriculture, F > H, values shown in table 1.
250-1000 years,	management to balance phosphorus budget of agriculture, F = H and W maintained at WD 
The system has a single steady state value of lake phosphorus concentrations providing that non-agricultural inputs lie between W and WD and agricultural inputs do not exceed the annual export of phosphorus through farming products (F=H). Beyond this regime, the system becomes bistable, having two stable equilibrium between an unstable equilibrium, with a single steady state value of high lake water phosphorus concentrations being found when F is 1.7 times greater than H. Analytical solutions and graphical representation of the system’s bistability can be found in Carpenter (2005).
Assuming a constant input of additional agricultural phosphorus over time, the lake system undergoes a critical transition at ~450 years. Critical transition theory and resilience research often associate a change in system states with a shift in dominant feedback loops, where positive feedbacks drive a system into an alternative state through reinforcing behaviour, but due to the often very complex dynamics involved, little research has been done to actively show this happening (Scheffer 2009; Scheffer & Carpenter 2003). The mechanism driving the critical transition within this system is phosphorus recycling, which reinforces the amount of phosphorus within the lake water and is capable of causing large influxes of phosphorus to enter the water column long after attempts to control phosphorus input through the soil have been in place (Scheffer 2009).  
Carpenter (2005) provides analytical solutions showing when the system is bistable, The bistable state allows for a reverse transition from turbid-water to clear-water conditions to be possible but this recovery is slowed by the steady release of phosphorus from the lake’s sediments. Carpenter notes that in order to induce a transition back to a clear-water attractor, either a stochastic event or deliberate management of phosphorus sediment recycling would have to take place. 
A reverse transition was achieved within the model system by maintaining F = H and converting W back to its undisturbed conditions at 1000 years. Overall, this reduces the amount of phosphorus entering the lake water, creating a net output of phosphorus from the system over time. The reductions in phosphorus within the lake water undergo a linear decrease through time. However, a critical transition back to a clear water state does not occur until much later, around year 2050, when phosphorus levels have reduced well below levels of the original forward transition. The disparity between the point at which the forward and reverse critical transition occurs is known as hysteresis. In shallow lakes the hysteresis effect is often a result of different levels of nutrient loading (Scheffer 2009) i.e. how much phosphorus is able to enter the system within a given period of time. Results of the reverse critical transition are shown in figure 1c. LEEA was used to investigate which loop structures were generating stability and instability prior to, at and post both the forward and reverse critical transitions.
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Figure 1. 1a. The PLUM model – a structural representation of Carpenter’s phosphorus equations (Carpenter 2005) containing the stocks (black boxes) water phosphorus density (P), soil phosphorus density (U) and sediment phosphorus density (M). The figure also contains system flows (black double arrows) going into and out of each stock, sources and sinks (cloud shapes) and component interactions (blue arrows). The recreation of Scenario 1 can be seen in figure 1b. The extension to the Carpenter simulation, to invoke a reverse critical transition in the system can be seen in 1c.
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The model’s three stocks U, P and M, shown as black boxes within figure 1a, relate to differential equations 1, 2 and 3 of the system. Each stock has an inflow and outflow (i.e. Uinput or Uoutput) shown by black double lined arrows which determine the level of material within the stock, which in this case is phosphorus density. Cloud shapes within the figure represent sources and sinks of the phosphorus, the specific locations of which are determined to be outside the scope of the model. Finally, blue arrows represent the interactions held between all model components which link together to form the feedback loops that occur between stocks. The model holds a total of six feedback loop structures which have been identified by the Shortest Independent Loop Set (SILS) and are labelled in figure 1a. A breakdown of the components within each of the SILS loops can be seen in table 2. 
	Loop No.
	Structure
	Feedback Type

	1
	M → Moutput → M
	Negative

	2
	P → Poutput → P
	Negative

	3
	U → Uoutput → U
	Negative

	4
	M → phosequ→ Moutput → M
	Negative

	5
	P → phosequ → Pinput → P
	Positive

	6
	M → phosequ → Pinput → P → Minput → M
	Positive


Table 2: Loop numbers, structures and loop type within the PLUM model.
Eigenvalues, loop gains and loop influences were calculated once per year. For the forward critical transition, LEEA was calculated from the years 250-999 and for the reverse critical transition, LEEA was calculated from years 1000-2250.  Outputs for the forward critical transition are shown in figure 2 a, b, c & d and reverse critical transition outputs are shown in figure 3 a, b, c, d & e.
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Figure 2. a) Shows the forward critical transition from years 250-999 from Scenario 1 of Carpenter (2005). b) Loop Gain values for the forward critical transition between years 435-460. c)  The system’s three eigenvalues calculated and plotted through time for the forward critical transition. The red box shows a zoom of the eigenvalues changing to positive polarity.  d) Loop influence values within Eigenvalue 1 for years 435-460. Plots b, c and d are generated from Naumov & Oliva (Accessed 2017) online material.
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Figure 3. a) Shows the reverse critical transition from years 1000-2500 from the extension to Scenario 1 of Carpenter (2005). b) Loop Gain values for the reverse critical transition between years 2040 and 2065. c)  The system’s three eigenvalues calculated and plotted through time for the reverse critical transition. d) Loop influence values within Eigenvalue 1 for years 2040 to 2065. e) Loop influence values within Eigenvalue 2 for years 2040 to 2065. Plots b, c, d and e are generated from Naumov & Oliva (Accessed 2017) online material.
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In the forward and reverse critical transitions of the PLUM model, we are concerned with the feedback loops responsible for maintaining the system’s stable behaviour before and after the critical transition, while also understanding what changes occur to dominant feedback loops which then lead to the change of state. It is therefore important that all three eigenvalues are considered throughout the time series, for those dominating at times of stability and those changing polarity leading up to and during critical transition of the system. 
Forward critical transition 
Figure 2a shows the lake system after 250 years, whereby sufficient phosphorus has been added to the system to produce a regime shift from a clear to turbid water. The transition is sharp and represented by a sudden increase of phosphorus density within the lake water at ~450 years. As seen in figure 2a, there is little indication from the data that this transition is about to occur until a very narrow time window prior to the transition.
System loop gains for the six feedback loops of the forward critical transition between the years 435 to 460 can be seen in figure 2b. Loop gain values can give an initial impression of how the loop structures may influence the behaviour of the system, but cannot be used to directly infer drivers of system behaviour without first linking them to the system’s eigenvalues. 
In the forward critical transition, the real part of Eigenvalue 1 holds the greatest negative real value for the first 192 years (t = 250-442) with the real part of eigenvalue 2 and eigenvalue 3 sitting just below zero at -0.00427 and -0.00115 respectively. The imaginary parts for all three eigenvalues are zero. In this time, the feedback loops producing the most influence within each eigenvalue are loop 2 (phosphorus water output) in eigenvalue 1, loop 3 (phosphorus soil output) in eigenvalue 2 and loop 1 (phosphorus sediment output) in eigenvalue 3. Loops 2, 3 and 1 all represent negative feedback loops within the system and express the highest values of loop influence which are all negative between 250-442 years, showing that these loops are generating stability within the system at this time. Over this initial period, the value of the real part of eigenvalue 1 becomes less negative, exponentially increasing towards zero, with the influence of feedback loop 5 within this eigenvalue exponentially increasing in positive value, indicating an increasing level of instability building from this feedback structure.
At year 442, eigenvalue 1 and eigenvalue 2 switch to positive values, holding the same values between time steps 441-443 (figure 2c). At this point, eigenvalues 1 and 2 combine to form a complex conjugate pair which would lead to oscillations. On closer inspection of the loop influence values for these time steps, both eigenvalues 1 and 2 are dominated by loop 2 and loop 5 which hold equal and opposite polarity values in the build up to the systems critical transition. Feedback loop 2 acts to stabilize the system, but is counteracted by the growing destabilizing influence of loop 5. At time step 444, eigenvalue 3 also changes to hold positive values alongside eigenvalues 1 and 2. This switch indicates all eigenvalues now represent the system diverging away from a fixed point, but note that this is still approximately 10 time steps prior to the critical transition being expressed within the water phosphorus of the system beginning around year 453. 
The dominant loops within all three eigenvalues, while they hold positive values within the system, are consistently loop 5 (phosphorus recycling linked to phosphorus levels in the water) and loop 2 (phosphorus water output). Loop 5 always holds positive influence values showing it is generating instability within the system and loop 2 always holding negative values showing it is acting to keep the system stable. Note that the positive values held by eigenvalues 2 and 3 are only brief and are lower in real positive value in comparison to eigenvalue 1 (figure 2c, red outline). The values of eigenvlaues 2 and 3 also drop back below zero to negative values at years 444 and 445 respectively, before the critical transition, while eigenvalue 1 remains positive until year 454, right up to the critical transition of the system. The build-up to and the forward critical transition of the system is therefore largely represented by eigenvalue 1, with feedback loop 5 being a dominant influence over the systems instability across all eigenvalues leading up to the transition and loop 2 attempting to act as a counterbalace during this time (figure 2d). The build-up of eigenvalue 1 towards the critical transition is primarily dominated by the rising influence of feedback loop 5, with all other feedback loops maintaining relatively low and consistent influence levels throughout the time series As the system reaches its critical transition, loop 5 can be seen spiking in positive values, thus becoming the most dominant feedback structure within the system at the point of transition.  
During the critical transition (years 445 – 458)  and post the transition (458 – 999) we see all eigenvalues dropping to negative values as the system stabalises into its new eutrophic regime. In this new state, eigenvalue 1 falls to the largest negative values of the three eigenvalues once more, being dominated by feedback loop 2 with all other feedback influence values sitting at or close to zero showing little to no influence within this mode. Eigenvalue 2 shows some instability generated from loop 6, but not enough to override the stabilizing influence from loops 4 and 2, which are both negative feedbacks. Eigenvalue 3 becomes solely dominated by the stabilizing influence of negative feedback loop 3 with all other feedbacks sitting at or close to zero.
Reverse critical transition
Figure 3a shows how a gradual decline in phosphorus levels into the water over time eventually leads to a reverse critical transition, which can be seen occurring at 2050 years. Similar to the forward critical transition, there is little indication that the reverse critical transition is going to take place from the simulated data up until a very small time window beforehand. Once the reverse critical transition occurs, the system remains in its new clear state for the remainder of the simulation as phosphorus levels in the water continue to decrease. System loop gains for the six feedback loops of the reverse critical transition between years 2040 to 2065 can be seen in figure 3b.
The reverse transition tells a very similar story to the forward transition in terms of the feedback loops which are influencing the change of state. In the reverse transition, the critical transition back to a clear water state occurs just after year 2050, despite phosphorus input being cut from the system back in year 1000. The loop influence of eigenvalue 1 between years 1000-2049 is dominated by loop 2 with all other loops sitting at or near zero, eigenvalue 2 has high influence from loop 6 holding positive values, but being dominated by loops 2 and 4 with negative values and eigenvalue 3 has only loop 3 influencing it holding a constant negative value. At year 2049 eigenvalues 1 and 2 first show a positive real value (figure 3c), prior to this only negative feedback loops dominate the system.
Between years 2049 and 2052 both eigenvalues 1 and 2 transition into positive values holding the same real values with equal, but opposite imaginary values, once again forming a conjugate pair inferring oscillatory system behaviour in the build up to the system’s reverse transition. In this period, similar to the forward transition, eigenvalue 1 is dominated by a stabilising influence of loop 2 and a growing destabilising influence of loop 5 (figure 3d). At the same time, eigenvalue 2 is also being dominated by loop 2 and loop 5 (figure 3e). At year 2052, the positive value of eigenvalue 1 begins to increase, while eigenvalue 2 falls back to negative values and eigenvalue 3 only takes on positive values at year 2059, when eigenvalue 1’s real value is already much greater. Eigenvalue 1 can therefore be concentrated on for the remainder of the reverse transition as it holds dominance over the long term behaviour within the system. The growing influence of feedback loop 5 continues in eigenvalue 1 until year 2061, just at the start of the transition of the system back into a clear water state, whereby its influence spikes and then falls down to zero upon the system stabilizing into its new state.
From years 2061 onwards all eigenvalues drop back into negative values with eigenvalue 1 holding the highest negative value. From 2061 to the end of the simulation, eigenvalue 1 is dominated by loop 2, eigenvalue 2 is dominated by loop 3 and eigenvalue 3 is dominated by loop 1 all of which hold constant negative values throughout the clear state.  
Overview:
Across both the forward and reverse transitions of the system, the behaviour of the system leading up to and during the transitions can largely be seen expressed by eigenvalue 1, which is primarily dominated by the stabilizing influence of negative feedback loop 2 (phosphorus output from the water). However, leading up to both critical transitions, positive feedback loop 5 can be seen growing in influence, overtaking the stabilizing influence of loop 2 years prior to both critical transition events. In both scenarios, once the critical transition has started its relatively sudden shift into the alternative state, the influence of loop 5 undergoes dramatic decline back to zero, whereby feedback loop 2 begins to dominate the system once again as it settle into its alternative state. 
All eigenvalues and loop influence plots can be recreated using Naumov & Oliva (Accessed 2017) online material using the PLUM forward and reverse transition Vensim models, the locations of which can be found in Supplementary Information section 2.
Discussion
Overall the results of LEEA between the forward and reverse critical transition present very similar results. The instability that is seen building up in the system years prior to the critical transition events can largely be attributed to Loop 5, a positive feedback loop (figure 4a) containing phosphorus recycling, while stability in the system is maintained by Loop 2, a negative feedback loop (figure 4b) responsible for the outflow of phosphorus from the lake. 
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Figure 4. a) Shows Loop 5, the positive feedback loop shown from LEEA to generate instability within the system leading up to the critical transitions. B) Shows Loop 2, a negative feedback loop responsible for most of the stability within the system.


In this study, LEEA has been shown to reinforce existing knowledge about phosphorus recycling as a key driver of critical transitions during system bistability through the analysis of a shallow lake model from Carpenter (2005). The analysis is able to show instability being generated within the system years prior to any indication of a critical transition from the simulated data, shown in figures 2d and 3d. Of particular interest was the ability to track the influence and dominance of the phosphorus recycling loop (Loop 5) through time as the system nears its forward and reverse critical transition. While instability within this system and its change of state are known to be driven by phosphorus recycling activating from the lake sediment, LEEA allowed the observation of the growing influence of this key feedback loop through time, with respect to all other feedback mechanisms in the model. Loop 5 represents a latent self-reinforcing mechanism which always exists within the system, but only becomes dominant within the system near its transition. Using LEEA, the dominance of the phosphorus recycling loop can be tracked simultaneously with the output of the model, showing the exact point in time at which phosphorus recycling becomes the dominant mechanism within the system overriding the stability generated through phosphorus outflow. 
LEEA has been shown to have utility exploring a critical transition within a small eutrophic lake model within this study. It is important to consider LEEA’s potential in other projects of ecological economics. Examples of classic models where LEEA could be applied include Wonderland (Milik et al., 1996) and subsections of WORLD3 (Meadows et al., 2004), alongside Early Warnings of Catastrophe (Boerlijst et al., 2013).
Penn et al. (2017) and Penn et al. (2013) describe a process known as Participatory Complexity Science which builds models with a focus on system structure and component interactions, similar to that of PLUM. The process involves local companies and authority figures in the model building process from the beginning of a project, ensuring they are part of the project’s goals and discussion through the entire process and importantly, that they understand how the model works. LEEA could be utilised during policy testing and discussion of leverage points (Meadows 2009) to help distinguish between highly influential feedback mechanisms within the system (effective leverage points) identified through the analysis vs. the economical, physical and ethical viability for a company or authority figure to make changes to the system.
LEEA has already shown high potential for use in system management and policy implementation through the identification of system leverage points using an extension to the base analysis known as Dynamic Decomposition Weights Analysis (DDWA) (Oliva 2015; Saleh et al., 2010). Identifying leverage points is thought to be a key practice in order to control the behaviour of ecological systems (Meadows 2009) and is of particular interest when concerned with economic development and ecological sustainability. Future exploration of socio-ecological dynamics using both LEEA and DDWA for the purpose of quantitative identification of leverage points will be a natural and justified progression to the work presented within this study.
Van de Leemput et al. (2016) explore how hysteresis and alternative stable states may be generated within an ecological coral reef model through the implementation of three separate feedback mechanisms. Whether coral reefs are capable of alternative stable states in the real world continues to be an ongoing debate (Mumby et al 2013; Fung et al. 2011; Scheffer and Carpenter 2003) and is important in the context of coral reef conservation and recovery (Knowlton 2004). LEEA has potential use in such projects as a comparison tool to assess the influence of feedback loops when implemented individually with negligible impact vs. simultaneously when their combined presence changes the system’s ability to express alternative stable states. 
A breakdown of LEEA Benefits and Limitations
	Benefits
	Limitations

	· Tracks a system’s behavioural drivers through time, with potential to inform policy implementation, scenario testing and overall control of the system.
· Increases structural understanding of model through identification of feedback loops, loop lengths, locations and components.
· Can be used with empirical data input into the system dynamic model to track system change in parallel with a model’s real world counterpart.
· Alongside identifying key structures, LEEA is able to identify structures not contributing to system behaviour, with potential to improve model efficiency by identifying unnecessary model components and structures.
· Able to show changes in behavioural drivers prior to a critical transition when no changes are expressed in model output.
· Technique can be applied to both whole system models and simple models alike as it is not affected by subject matter.

	
· Computationally demanding: At each time step the system must be linearized, the Jacobian Matrix must be generated and eigenvalues must be calculated.
· Analysis of results gets increasingly difficult with increasing model size as eigenvalue number increases 1:1 with  model stock number (Kampmann & Oliva 2006).
· A lack of automation or availability as part of a software programme. This is being improved with each iteration of LEEA’s associated algorithms (see ‘Analysis of more complex models’ below).
· Eigenvalues can express similar levels of dominance simultaneously, reducing one's ability to specify individual behavioural drivers.



. 

Analysis of more complex models

In the early stages of LEEA’s development, analysis automation was low and output generation time was a serious limitation of the technique. Algorithms specifically designed to help with LEEA’s automation greatly improved the techniques accessibility (Oliva Accessed 2015), but the computational power and run time, particularly concerning large, complex models (>10 stocks), limited the LEEA’s utility to an extensive range of system models. In recent years, advancements made to the algorithms associated with LEEA and its companion technique, DDWA, have made vast improvements to the speed of execution (Naumov & Oliva, Accessed 2017). Development of better heuristics and display formatting has also been introduced to support the interpretation of the output, with recent studies showing the techniques successfully being executed and interpreted on models of 13 and 10 stocks (Oliva 2016; Oliva 2015).

Conclusion
This study has shown how a structural loop analysis technique known as Loop Eigenvalue Elasticity Analysis (LEEA) can be applied to analyse the dynamics of a simple model of a shallow lake system that undergoes critical transitions between clear and turbid states. Analysing a system which contains feedback loops can help reveal significant loop structures operating within a system’s behaviour: a non-trivial problem even with apparently simple systems.  LEEA is able to show how feedback loops can be identified and classified in terms of their dominance, stabilising, and destabilising contributions. The results of this particular study show how growing levels of instability within the system can be largely attributed to an individual feedback loop, where the instability began to grow years prior to a critical transition. There is global significance for model scenario testing, policy implementation and ecological conservation to enhancing our understanding of socio-ecological systems, and the mechanisms for which they can be managed. LEEA was shown to be capable of providing benefits across multiple levels of prior system knowledge, allowing the user to identify key structural drivers of system stability and dynamic behaviour. Careful interpretation of LEEA output is required for more complex models. This can be regarded as a limitation of the technique, or alternatively a more robust and effective methodology for the analysis of complex models given that there are often no simple explanations for system’s behaviour under such situations. 
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		684		684		684

		685		685		685

		686		686		686

		687		687		687

		688		688		688

		689		689		689

		690		690		690

		691		691		691

		692		692		692

		693		693		693

		694		694		694

		695		695		695

		696		696		696

		697		697		697

		698		698		698

		699		699		699

		700		700		700

		701		701		701

		702		702		702

		703		703		703

		704		704		704

		705		705		705

		706		706		706

		707		707		707

		708		708		708

		709		709		709

		710		710		710

		711		711		711

		712		712		712

		713		713		713

		714		714		714

		715		715		715

		716		716		716

		717		717		717

		718		718		718

		719		719		719

		720		720		720

		721		721		721

		722		722		722

		723		723		723

		724		724		724

		725		725		725

		726		726		726

		727		727		727

		728		728		728

		729		729		729

		730		730		730

		731		731		731

		732		732		732

		733		733		733

		734		734		734

		735		735		735

		736		736		736

		737		737		737

		738		738		738

		739		739		739

		740		740		740

		741		741		741

		742		742		742

		743		743		743

		744		744		744

		745		745		745

		746		746		746

		747		747		747

		748		748		748

		749		749		749

		750		750		750

		751		751		751

		752		752		752

		753		753		753

		754		754		754

		755		755		755

		756		756		756

		757		757		757

		758		758		758

		759		759		759

		760		760		760

		761		761		761

		762		762		762

		763		763		763

		764		764		764

		765		765		765

		766		766		766

		767		767		767

		768		768		768

		769		769		769

		770		770		770

		771		771		771

		772		772		772

		773		773		773

		774		774		774

		775		775		775

		776		776		776

		777		777		777

		778		778		778

		779		779		779

		780		780		780

		781		781		781

		782		782		782

		783		783		783

		784		784		784

		785		785		785

		786		786		786

		787		787		787

		788		788		788

		789		789		789

		790		790		790

		791		791		791

		792		792		792

		793		793		793

		794		794		794

		795		795		795

		796		796		796

		797		797		797

		798		798		798

		799		799		799

		800		800		800

		801		801		801

		802		802		802

		803		803		803

		804		804		804

		805		805		805

		806		806		806

		807		807		807

		808		808		808

		809		809		809

		810		810		810

		811		811		811

		812		812		812

		813		813		813

		814		814		814

		815		815		815

		816		816		816

		817		817		817

		818		818		818

		819		819		819

		820		820		820

		821		821		821

		822		822		822

		823		823		823

		824		824		824

		825		825		825

		826		826		826

		827		827		827

		828		828		828

		829		829		829

		830		830		830

		831		831		831

		832		832		832

		833		833		833

		834		834		834

		835		835		835

		836		836		836

		837		837		837

		838		838		838

		839		839		839

		840		840		840

		841		841		841

		842		842		842

		843		843		843

		844		844		844

		845		845		845

		846		846		846

		847		847		847

		848		848		848

		849		849		849

		850		850		850

		851		851		851

		852		852		852

		853		853		853

		854		854		854

		855		855		855

		856		856		856

		857		857		857

		858		858		858

		859		859		859

		860		860		860

		861		861		861

		862		862		862

		863		863		863

		864		864		864

		865		865		865

		866		866		866

		867		867		867

		868		868		868

		869		869		869

		870		870		870

		871		871		871

		872		872		872

		873		873		873

		874		874		874

		875		875		875

		876		876		876

		877		877		877

		878		878		878

		879		879		879

		880		880		880

		881		881		881

		882		882		882

		883		883		883

		884		884		884

		885		885		885

		886		886		886

		887		887		887

		888		888		888

		889		889		889

		890		890		890

		891		891		891

		892		892		892

		893		893		893

		894		894		894

		895		895		895

		896		896		896

		897		897		897

		898		898		898

		899		899		899

		900		900		900

		901		901		901

		902		902		902

		903		903		903

		904		904		904

		905		905		905

		906		906		906

		907		907		907

		908		908		908

		909		909		909

		910		910		910

		911		911		911

		912		912		912

		913		913		913

		914		914		914

		915		915		915

		916		916		916

		917		917		917

		918		918		918

		919		919		919

		920		920		920

		921		921		921

		922		922		922

		923		923		923

		924		924		924

		925		925		925

		926		926		926

		927		927		927

		928		928		928

		929		929		929

		930		930		930

		931		931		931

		932		932		932

		933		933		933

		934		934		934

		935		935		935

		936		936		936

		937		937		937

		938		938		938

		939		939		939

		940		940		940

		941		941		941

		942		942		942

		943		943		943

		944		944		944

		945		945		945

		946		946		946

		947		947		947

		948		948		948

		949		949		949

		950		950		950

		951		951		951

		952		952		952

		953		953		953

		954		954		954

		955		955		955

		956		956		956

		957		957		957

		958		958		958

		959		959		959

		960		960		960

		961		961		961

		962		962		962

		963		963		963

		964		964		964

		965		965		965

		966		966		966

		967		967		967

		968		968		968

		969		969		969

		970		970		970

		971		971		971

		972		972		972

		973		973		973

		974		974		974

		975		975		975

		976		976		976

		977		977		977

		978		978		978

		979		979		979

		980		980		980

		981		981		981

		982		982		982

		983		983		983

		984		984		984

		985		985		985

		986		986		986

		987		987		987

		988		988		988

		989		989		989

		990		990		990

		991		991		991

		992		992		992

		993		993		993

		994		994		994

		995		995		995

		996		996		996

		997		997		997

		998		998		998

		999		999		999

		1000		1000		1000



Msediment

Pwater

Usoil

110

0.2

110

110.0183

0.17071

110.02048

110.02277

0.15821

110.04095

110.02137

0.15288

110.06139

110.01746

0.15061

110.08181

110.01249

0.14966

110.1022

110.00708

0.14927

110.12257

110.0015

0.14912

110.14292

109.99586

0.14907

110.16325

109.99022

0.14906

110.18355

109.98458

0.14908

110.20383

109.97896

0.1491

110.22408

109.97336

0.14912

110.24431

109.96778

0.14915

110.26452

109.96223

0.14918

110.2847

109.9567

0.1492

110.30486

109.9512

0.14923

110.325

109.94572

0.14926

110.34512

109.94027

0.14929

110.3652

109.93484

0.14931

110.38528

109.92944

0.14934

110.40532

109.92406

0.14937

110.42535

109.9187

0.14939

110.44534

109.91337

0.14942

110.46532

109.90807

0.14945

110.48528

109.90278

0.14948

110.50521

109.89752

0.1495

110.52512

109.89229

0.14953

110.54501

109.88708

0.14956

110.56487

109.8819

0.14958

110.58471

109.87673

0.14961

110.60452

109.8716

0.14964

110.62432

109.86648

0.14966

110.64409

109.86139

0.14969

110.66384

109.85632

0.14972

110.68356

109.85128

0.14974

110.70327

109.84626

0.14977

110.72295

109.84126

0.1498

110.74261

109.8363

0.14982

110.76224

109.83134

0.14985

110.78185

109.82642

0.14988

110.80144

109.82152

0.1499

110.82101

109.81664

0.14993

110.84055

109.81178

0.14996

110.86008

109.80695

0.14998

110.87958

109.80215

0.15001

110.89906

109.79736

0.15004

110.91851

109.7926

0.15006

110.93794

109.78786

0.15009

110.95735

109.78315

0.15011

110.97674

109.77846

0.15014

110.99611

109.77379

0.15017

111.01545

109.76914

0.15019

111.03477

109.76452

0.15022

111.05407

109.75992

0.15024

111.07335

109.75534

0.15027

111.09261

109.75079

0.1503

111.11184

109.74625

0.15032

111.13105

109.74174

0.15035

111.15024

109.73726

0.15038

111.1694

109.7328

0.1504

111.18855

109.72836

0.15043

111.20767

109.72394

0.15045

111.22677

109.71954

0.15048

111.24585

109.71517

0.1505

111.26491

109.71082

0.15053

111.28394

109.70649

0.15056

111.30296

109.70218

0.15058

111.32195

109.6979

0.15061

111.34092

109.69363

0.15063

111.35986

109.6894

0.15066

111.37879

109.68518

0.15068

111.3977

109.68098

0.15071

111.41658

109.67681

0.15074

111.43544

109.67266

0.15076

111.45428

109.66853

0.15079

111.4731

109.66442

0.15081

111.49189

109.66034

0.15084

111.51067

109.65627

0.15086

111.52942

109.65224

0.15089

111.54815

109.64822

0.15091

111.56686

109.64422

0.15094

111.58554

109.64024

0.15096

111.60421

109.63628

0.15099

111.62286

109.63235

0.15101

111.64148

109.62844

0.15104

111.66008

109.62455

0.15107

111.67866

109.62068

0.15109

111.69722

109.61684

0.15112

111.71576

109.61301

0.15114

111.73428

109.60921

0.15117

111.75277

109.60542

0.15119

111.77124

109.60166

0.15122

111.7897

109.59792

0.15124

111.80813

109.59421

0.15127

111.82654

109.59051

0.15129

111.84492

109.58683

0.15132

111.86329

109.58318

0.15134

111.88164

109.57954

0.15136

111.89996

109.57593

0.15139

111.91827

109.57233

0.15141

111.93655

109.56892

0.15206

113.35701

109.56625

0.15343

114.77583

109.56467

0.15512

116.19302

109.56432

0.15694

117.60859

109.56525

0.15881

119.02252

109.56752

0.16071

120.43484

109.57111

0.16261

121.84552

109.57603

0.16451

123.25459

109.58228

0.16642

124.66203

109.58986

0.16832

126.06786

109.59875

0.17023

127.47208

109.60897

0.17213

128.87468

109.62051

0.17402

130.27567

109.63337

0.17592

131.67505

109.64754

0.17781

133.07281

109.66302

0.1797

134.46898

109.6798

0.18159

135.86354

109.69789

0.18348

137.2565

109.71728

0.18537

138.64786

109.73797

0.18725

140.03761

109.75996

0.18913

141.42577

109.78323

0.19101

142.81233

109.8078

0.19288

144.19731

109.83365

0.19476

145.58069

109.86079

0.19663

146.96246

109.88922

0.1985

148.34265

109.91891

0.20037

149.72125

109.94989

0.20223

151.09828

109.98214

0.2041

152.47374

110.01566

0.20596

153.84761

110.05045

0.20782

155.21989

110.08651

0.20967

156.59059

110.12383

0.21153

157.95973

110.16241

0.21338

159.32729

110.20224

0.21523

160.69328

110.24332

0.21708

162.05769

110.28566

0.21893

163.42055

110.32925

0.22077

164.78183

110.37408

0.22261

166.14154

110.42016

0.22445

167.49969

110.46748

0.22629

168.85629

110.51603

0.22813

170.21133

110.56582

0.22996

171.56482

110.61684

0.23179

172.91675

110.6691

0.23362

174.26712

110.72258

0.23545

175.61594

110.77728

0.23727

176.96321

110.83321

0.2391

178.30893

110.89035

0.24092

179.65309

110.94872

0.24274

180.99573

111.00829

0.24455

182.33681

111.06907

0.24637

183.67636

111.13107

0.24818

185.01436

111.19427

0.24999

186.35083

111.25867

0.2518

187.68576

111.32427

0.25361

189.01915

111.39107

0.25541

190.35101

111.45907

0.25721

191.68135

111.52826

0.25901

193.01016

111.59864

0.26081

194.33745

111.6702

0.26261

195.66321

111.74295

0.2644

196.98744

111.81688

0.2662

198.31015

111.89199

0.26798

199.63133

111.96828

0.26977

200.95099

112.04574

0.27156

202.26915

112.12437

0.27334

203.58578

112.20417

0.27512

204.90089

112.28513

0.2769

206.21451

112.36726

0.27868

207.5266

112.45054

0.28046

208.83719

112.53498

0.28223

210.14627

112.62058

0.284

211.45384

112.70734

0.28577

212.75992

112.79525

0.28754

214.0645

112.88431

0.2893

215.36757

112.97451

0.29107

216.66914

113.06586

0.29283

217.96922

113.15834

0.29459

219.26781

113.25196

0.29635

220.5649

113.34672

0.2981

221.8605

113.44261

0.29985

223.15462

113.53963

0.30161

224.44725

113.63779

0.30335

225.73839

113.73705

0.3051

227.02805

113.83745

0.30685

228.31622

113.93896

0.30859

229.60292

114.0416

0.31033

230.88814

114.14534

0.31207

232.17189

114.2502

0.31381

233.45415

114.35617

0.31554

234.73494

114.46325

0.31728

236.01427

114.57143

0.31901

237.29213

114.68072

0.32074

238.5685

114.7911

0.32246

239.8434

114.90258

0.32419

241.11684

115.01516

0.32591

242.38881

115.12883

0.32763

243.65933

115.24359

0.32935

244.92841

115.35944

0.33107

246.19601

115.47779

0.33853

260.45468

115.60395

0.35275

274.69699

115.74109

0.36985

288.92288

115.89054

0.38818

303.13245

116.05287

0.40701

317.32568

116.22829

0.42605

331.50259

116.41689

0.44516

345.66321

116.61868

0.46429

359.80756

116.83366

0.48342

373.93564

117.06178

0.50254

388.04749

117.30305

0.52163

402.14313

117.55743

0.54071

416.22256

117.82489

0.55977

430.28583

118.1054

0.5788

444.33292

118.39893

0.59782

458.36386

118.70547

0.61681

472.37869

119.02497

0.63579

486.37741

119.35741

0.65475

500.36002

119.70275

0.67369

514.3266

120.06097

0.69261

528.2771

120.43204

0.71151

542.21155

120.81594

0.7304

556.13

121.21262

0.74927

570.03247

121.62207

0.76813

583.91895

122.04424

0.78697

597.78949

122.47912

0.80581

611.64404

122.92666

0.82463

625.48273

123.38683

0.84345

639.30542

123.85961

0.86226

653.11224

124.34496

0.88107

666.9032

124.84285

0.89988

680.67834

125.35324

0.91869

694.43768

125.8761

0.93751

708.18115

126.41139

0.95634

721.90887

126.95908

0.97518

735.62079

127.51913

0.99404

749.31696

128.09149

1.01293

762.99738

128.67613

1.03185

776.66205

129.27301

1.05081

790.31104

129.88208

1.06982

803.94434

130.5033

1.08888

817.56201

131.1366

1.10801

831.16394

131.78194

1.12721

844.75024

132.43929

1.14651

858.32092

133.10855

1.16591

871.8761

133.78967

1.18543

885.41565

134.48259

1.20509

898.93964

135.18724

1.22491

912.44806

135.90352

1.24492

925.94098

136.63136

1.26515

939.4184

137.36942

1.2797

939.88776

138.1129

1.28706

940.35663

138.85875

1.29101

940.82495

139.60555

1.29336

941.29272

140.35263

1.29493

941.76001

141.09966

1.29614

942.22668

141.84648

1.29718

942.69287

142.59302

1.29813

943.15851

143.33925

1.29904

943.6236

144.08516

1.29993

944.0882

144.83073

1.30082

944.55219

145.57596

1.3017

945.01569

146.32085

1.30258

945.4787

147.06538

1.30346

945.9411

147.80959

1.30435

946.40302

148.55342

1.30523

946.86438

149.29692

1.30611

947.3252

150.04007

1.307

947.78552

150.78287

1.30789

948.2453

151.52533

1.30878

948.70453

152.26743

1.30967

949.16327

153.00919

1.31056

949.62146

153.75058

1.31145

950.0791

154.49164

1.31235

950.53625

155.23233

1.31325

950.99292

155.97269

1.31414

951.44897

156.71268

1.31504

951.90454

157.45233

1.31595

952.35962

158.19162

1.31685

952.81415

158.93056

1.31775

953.26813

159.66914

1.31866

953.72162

160.40736

1.31957

954.17462

161.14523

1.32048

954.62701

161.88275

1.32139

955.07892

162.6199

1.32231

955.53033

163.3567

1.32322

955.98126

164.09315

1.32414

956.43158

164.82924

1.32506

956.88141

165.56496

1.32598

957.33075

166.30032

1.3269

957.7796

167.03534

1.32783

958.22784

167.76999

1.32876

958.6756

168.50427

1.32969

959.12286

169.23819

1.33062

959.56964

169.97174

1.33155

960.01593

170.70493

1.33249

960.46161

171.43776

1.33343

960.9068

172.17024

1.33437

961.3515

172.90236

1.33531

961.79572

173.63411

1.33625

962.23944

174.36549

1.3372

962.68256

175.09651

1.33815

963.12518

175.82716

1.3391

963.56732

176.55745

1.34006

964.00897

177.28735

1.34101

964.45013

178.01688

1.34197

964.89081

178.74603

1.34294

965.33093

179.47482

1.3439

965.77051

180.20325

1.34487

966.20959

180.9313

1.34584

966.64819

181.659

1.34681

967.0863

182.38629

1.34779

967.52393

183.11322

1.34876

967.96106

183.83978

1.34975

968.39771

184.56598

1.35073

968.83374

185.29178

1.35172

969.26929

186.01721

1.35271

969.70435

186.74228

1.3537

970.13892

187.46695

1.3547

970.573

188.19125

1.3557

971.00659

188.91518

1.3567

971.4397

189.63872

1.3577

971.87231

190.36188

1.35871

972.30444

191.08466

1.35973

972.73608

191.80705

1.36074

973.16724

192.52907

1.36176

973.5979

193.2507

1.36278

974.02802

193.97195

1.36381

974.45758

194.69281

1.36484

974.88666

195.41328

1.36587

975.31525

196.13338

1.36691

975.74335

196.85307

1.36795

976.17096

197.57239

1.369

976.59808

198.29132

1.37005

977.02472

199.00986

1.3711

977.45087

199.728

1.37216

977.87653

200.44574

1.37322

978.3017

201.1631

1.37429

978.72638

201.88007

1.37536

979.15057

202.59663

1.37643

979.57428

203.31281

1.37751

979.9975

204.02858

1.37859

980.42023

204.74396

1.37968

980.84247

205.45894

1.38078

981.26422

206.17352

1.38187

981.68549

206.88771

1.38298

982.10626

207.60149

1.38409

982.52655

208.31487

1.3852

982.94635

209.02783

1.38632

983.36566

209.7404

1.38744

983.78461

210.45258

1.38857

984.20306

211.16434

1.38971

984.62103

211.87569

1.39085

985.03851

212.58664

1.39199

985.45551

213.29716

1.39315

985.87201

214.00729

1.39431

986.28802

214.717

1.39547

986.70355

215.4263

1.39664

987.11859

216.13518

1.39782

987.53314

216.84364

1.399

987.9472

217.5517

1.40019

988.36078

218.25932

1.40139

988.77393

218.96652

1.4026

989.18665

219.67332

1.40381

989.59888

220.3797

1.40503

990.01062

221.08565

1.40626

990.42188

221.79117

1.40749

990.83264

222.49626

1.40873

991.24292

223.20093

1.40998

991.65271

223.90517

1.41124

992.06207

224.60898

1.41251

992.47101

225.31233

1.41379

992.87946

226.01526

1.41507

993.28741

226.71776

1.41637

993.69489

227.41982

1.41767

994.10187

228.12143

1.41898

994.50836

228.82262

1.42031

994.91449

229.52335

1.42164

995.32013

230.22363

1.42298

995.72528

230.92348

1.42434

996.12994

231.62286

1.4257

996.53412

232.32181

1.42708

996.93793

233.02029

1.42847

997.34125

233.71832

1.42987

997.74408

234.41589

1.43128

998.14642

235.11301

1.4327

998.54828

235.80966

1.43414

998.94977

236.50584

1.43559

999.35077

237.20155

1.43706

999.75128

237.8968

1.43854

1000.15131

238.59157

1.44003

1000.5509

239.28587

1.44154

1000.95007

239.97969

1.44307

1001.34875

240.67302

1.44461

1001.74695

241.36586

1.44617

1002.14471

242.05821

1.44775

1002.54205

242.75008

1.44934

1002.9389

243.44145

1.45095

1003.33527

244.13234

1.45258

1003.7312

244.82271

1.45424

1004.12671

245.51259

1.45591

1004.52173

246.20195

1.45761

1004.91626

246.89079

1.45932

1005.31042

247.57912

1.46107

1005.7041

248.26692

1.46283

1006.09729

248.95419

1.46462

1006.49005

249.64095

1.46644

1006.88239

250.32715

1.46829

1007.27423

251.0128

1.47017

1007.66565

251.69791

1.47207

1008.05664

252.38246

1.47402

1008.44714

253.06645

1.47599

1008.83716

253.74988

1.478

1009.22681

254.43272

1.48005

1009.61597

255.11497

1.48213

1010.00464

255.79665

1.48426

1010.39294

256.47769

1.48644

1010.78076

257.15814

1.48866

1011.16809

257.83798

1.49093

1011.55505

258.51718

1.49326

1011.94153

259.19574

1.49564

1012.32758

259.87363

1.49809

1012.7132

260.55084

1.5006

1013.09833

261.22736

1.50318

1013.48303

261.9032

1.50584

1013.86731

262.57831

1.50858

1014.2511

263.25269

1.51141

1014.63452

263.92627

1.51434

1015.01746

264.59909

1.51738

1015.39996

265.27109

1.52054

1015.78204

265.94226

1.52382

1016.16364

266.61252

1.52726

1016.54486

267.28186

1.53085

1016.9256

267.95026

1.53463

1017.30591

268.61761

1.53862

1017.68579

269.28391

1.54284

1018.06525

269.94901

1.54734

1018.44427

270.61285

1.55217

1018.82281

271.27536

1.55737

1019.20099

271.9364

1.56302

1019.57867

272.59576

1.56923

1019.95593

273.25323

1.57612

1020.33276

273.90851

1.58388

1020.70917

274.56119

1.59277

1021.08514

275.21066

1.60319

1021.46069

275.85605

1.61577

1021.83582

276.49591

1.63154

1022.21045

277.12772

1.65245

1022.58472

277.7464

1.68256

1022.9585

278.33945

1.73231

1023.33191

278.86249

1.84103

1023.70483

278.83649

2.46115

1024.07751

276.42438

5.19027

1024.44861

275.08655

6.53686

1024.8197

274.39578

7.10261

1025.1908

273.9794

7.33837

1025.56165

273.67935

7.4351

1025.93213

273.42899

7.47334

1026.30212

273.20029

7.48696

1026.67163

272.98145

7.49022

1027.04065

272.76749

7.48914

1027.40942

272.5563

7.48625

1027.77771

272.34698

7.48261

1028.14551

272.13916

7.47867

1028.51294

271.93268

7.47462

1028.88

271.72748

7.47053

1029.24658

271.5235

7.46645

1029.61267

271.32074

7.46239

1029.97839

271.1192

7.45835

1030.34375

270.91885

7.45433

1030.70862

270.7197

7.45034

1031.073

270.52173

7.44638

1031.43713

270.32495

7.44244

1031.80078

270.12933

7.43852

1032.16394

269.93491

7.43463

1032.52673

269.74164

7.43077

1032.88916

269.54953

7.42693

1033.2511

269.35858

7.42312

1033.61255

269.16879

7.41934

1033.97375

268.98013

7.41558

1034.33447

268.7926

7.41184

1034.6947

268.60623

7.40813

1035.05469

268.42096

7.40444

1035.41418

268.23685

7.40078

1035.77319

268.05383

7.39714

1036.13184

267.87192

7.39353

1036.49011

267.69113

7.38994

1036.8479

267.51147

7.38638

1037.20532

267.33292

7.38284

1037.56238

267.15543

7.37933

1037.91895

266.979

7.37583

1038.27515

266.80368

7.37237

1038.63098

266.62946

7.36892

1038.98633

266.45627

7.3655

1039.34131

266.28418

7.3621

1039.69592

266.11313

7.35873

1040.05005

265.94315

7.35538

1040.40369

265.77423

7.35205

1040.75708

265.60635

7.34875

1041.10999

265.43951

7.34547

1041.46252

265.27371

7.34221

1041.8147

265.10895

7.33897

1042.16638

264.94522

7.33576

1042.5177

264.78253

7.33257

1042.86865

264.62085

7.3294

1043.21912

264.46021

7.32625

1043.56921

264.30054

7.32313

1043.91895

264.14191

7.32003

1044.26819

263.98425

7.31695

1044.61707

263.82761

7.31389

1044.96558

263.67197

7.31086

1045.3136

263.5173

7.30784

1045.66138

263.36362

7.30485

1046.00867

263.21091

7.30188

1046.35547

263.05917

7.29893

1046.70203

262.90842

7.296

1047.0481

262.75864

7.29309

1047.3938

262.60977

7.2902

1047.73914

262.46188

7.28734

1048.08398

262.31494

7.28449

1048.42847

262.16895

7.28167

1048.77258

262.0239

7.27887

1049.11621

261.87979

7.27608

1049.45959

261.7366

7.27332

1049.80249

261.59436

7.27058

1050.14502

261.45303

7.26786

1050.48718

261.31262

7.26515

1050.82886

261.17313

7.26247

1051.17029

261.03455

7.25981

1051.51123

260.89688

7.25717

1051.85181

260.76013

7.25455

1052.19202

260.62427

7.25194

1052.53174

260.48929

7.24936

1052.87122

260.35522

7.2468

1053.21021

260.22202

7.24425

1053.54883

260.08972

7.24173

1053.88708

259.95828

7.23922

1054.22485

259.82773

7.23674

1054.56238

259.69806

7.23427

1054.89941

259.56924

7.23182

1055.23608

259.44128

7.22939

1055.57239

259.31418

7.22698

1055.9082

259.18793

7.22459

1056.24377

259.06253

7.22222

1056.57886

258.93799

7.21986

1056.91357

258.8143

7.21753

1057.24792

258.69144

7.21521

1057.58191

258.5694

7.21291

1057.91553

258.44821

7.21063

1058.24866

258.32782

7.20836

1058.58154

258.20828

7.20612

1058.91394

258.08954

7.20389

1059.24609

257.97162

7.20168

1059.57776

257.85452

7.19949

1059.90906

257.73822

7.19732

1060.23999

257.62271

7.19516

1060.57043

257.50803

7.19302

1060.90063

257.39413

7.1909

1061.23035

257.28104

7.18879

1061.55981

257.16873

7.18671

1061.88879

257.05719

7.18464

1062.21741

256.94644

7.18258

1062.54565

256.83646

7.18055

1062.87354

256.72726

7.17853

1063.20105

256.61884

7.17652

1063.5282

256.51117

7.17454

1063.85498

256.40427

7.17257

1064.18127

256.29813

7.17062

1064.50732

256.19272

7.16868

1064.83289

256.0881

7.16676

1065.1582

255.98422

7.16486

1065.48303

255.88107

7.16297

1065.80762

255.77869

7.1611

1066.13171

255.67703

7.15925

1066.45557

255.57611

7.15741

1066.77893

255.47592

7.15558

1067.10193

255.37646

7.15378

1067.42456

255.27771

7.15199

1067.74683

255.17969

7.15021

1068.06873

255.08238

7.14845

1068.39026

254.98579

7.14671

1068.71143

254.88991

7.14498

1069.03223

254.79472

7.14326

1069.35266

254.70026

7.14157

1069.67273

254.60649

7.13988

1069.99243

254.51341

7.13822

1070.31177

254.42104

7.13656

1070.63074

254.32935

7.13493

1070.94934

254.23834

7.1333

1071.26758

254.14803

7.1317

1071.58545

254.05838

7.1301

1071.90295

253.96941

7.12852

1072.22009

253.8811

7.12696

1072.53687

253.79347

7.12541

1072.85327

253.70651

7.12388

1073.16931

253.62022

7.12236

1073.48499

253.53461

7.12085

1073.80029

253.44963

7.11936

1074.11523

253.36533

7.11788

1074.42981

253.28166

7.11642

1074.74402

253.19865

7.11497

1075.05786

253.11629

7.11354

1075.37134

253.03456

7.11212

1075.68445

252.95348

7.11071

1075.99731

252.87303

7.10932

1076.30969

252.79323

7.10794

1076.62183

252.71405

7.10657

1076.93347

252.6355

7.10522

1077.24487

252.55756

7.10388

1077.55579

252.48026

7.10256

1077.86646

252.40356

7.10125

1078.17676

252.32748

7.09995

1078.48669

252.25201

7.09866

1078.79626

252.17715

7.09739

1079.10547

252.10291

7.09613

1079.41431

252.02927

7.09489

1079.72278

251.95622

7.09366

1080.03101

251.88377

7.09244

1080.33875

251.81192

7.09123

1080.64624

251.74066

7.09004

1080.95325

251.67

7.08886

1081.26001

251.59991

7.08769

1081.56641

251.53041

7.08653

1081.87244

251.46149

7.08539

1082.1781

251.39314

7.08426

1082.4834

251.32538

7.08314

1082.78845

251.25819

7.08204

1083.09302

251.19157

7.08094

1083.39734

251.12552

7.07986

1083.70117

251.06003

7.07879

1084.00476

250.9951

7.07774

1084.30798

250.93073

7.07669

1084.61084

250.8669

7.07566

1084.91333

250.80363

7.07464

1085.21545

250.74092

7.07363

1085.51733

250.67874

7.07264

1085.81885

250.61711

7.07165

1086.12

250.55603

7.07068

1086.42078

250.4955

7.06972

1086.72119

250.4355

7.06877

1087.02136

250.37604

7.06783

1087.32104

250.31711

7.0669

1087.62048

250.25871

7.06599

1087.91956

250.20084

7.06508

1088.21826

250.14348

7.06419

1088.51672

250.08664

7.06331

1088.8147

250.03033

7.06244

1089.11243

249.97453

7.06158

1089.40979

249.91925

7.06073

1089.70679

249.86449

7.0599

1090.00342

249.81023

7.05907

1090.29968

249.75647

7.05826

1090.5957

249.70322

7.05745

1090.89136

249.65047

7.05666

1091.18665

249.59822

7.05588

1091.48169

249.54646

7.05511

1091.77625

249.49519

7.05435

1092.07056

249.44444

7.0536

1092.3645

249.39418

7.05286

1092.65808

249.34441

7.05213

1092.95142

249.29509

7.05141

1093.24438

249.24626

7.0507

1093.53699

249.19792

7.05

1093.82922

249.15005

7.04931

1094.12109

249.10266

7.04864

1094.41272

249.05576

7.04797

1094.70398

249.00931

7.04731

1094.99487

248.96333

7.04667

1095.28552

248.91783

7.04603

1095.57581

248.87279

7.0454

1095.86572

248.8282

7.04479

1096.15527

248.78407

7.04418

1096.44446

248.7404

7.04358

1096.7334

248.69719

7.04299

1097.02197

248.65442

7.04242

1097.31018

248.61211

7.04185

1097.59814

248.57025

7.04129

1097.88574

248.52882

7.04074

1098.17297

248.48785

7.0402

1098.45996

248.44731

7.03967

1098.74658
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Sheet1

		Time (Year)		Msediment		Pwater		Usoil

		0		110		0.2		110

		1		110.0183		0.17071		110.02048

		2		110.02277		0.15821		110.04095

		3		110.02137		0.15288		110.06139

		4		110.01746		0.15061		110.08181

		5		110.01249		0.14966		110.1022

		6		110.00708		0.14927		110.12257

		7		110.0015		0.14912		110.14292

		8		109.99586		0.14907		110.16325

		9		109.99022		0.14906		110.18355

		10		109.98458		0.14908		110.20383

		11		109.97896		0.1491		110.22408

		12		109.97336		0.14912		110.24431

		13		109.96778		0.14915		110.26452

		14		109.96223		0.14918		110.2847

		15		109.9567		0.1492		110.30486

		16		109.9512		0.14923		110.325

		17		109.94572		0.14926		110.34512

		18		109.94027		0.14929		110.3652

		19		109.93484		0.14931		110.38528

		20		109.92944		0.14934		110.40532

		21		109.92406		0.14937		110.42535

		22		109.9187		0.14939		110.44534

		23		109.91337		0.14942		110.46532

		24		109.90807		0.14945		110.48528

		25		109.90278		0.14948		110.50521

		26		109.89752		0.1495		110.52512

		27		109.89229		0.14953		110.54501

		28		109.88708		0.14956		110.56487

		29		109.8819		0.14958		110.58471

		30		109.87673		0.14961		110.60452

		31		109.8716		0.14964		110.62432

		32		109.86648		0.14966		110.64409

		33		109.86139		0.14969		110.66384

		34		109.85632		0.14972		110.68356

		35		109.85128		0.14974		110.70327

		36		109.84626		0.14977		110.72295

		37		109.84126		0.1498		110.74261

		38		109.8363		0.14982		110.76224

		39		109.83134		0.14985		110.78185

		40		109.82642		0.14988		110.80144

		41		109.82152		0.1499		110.82101

		42		109.81664		0.14993		110.84055

		43		109.81178		0.14996		110.86008

		44		109.80695		0.14998		110.87958

		45		109.80215		0.15001		110.89906

		46		109.79736		0.15004		110.91851

		47		109.7926		0.15006		110.93794

		48		109.78786		0.15009		110.95735

		49		109.78315		0.15011		110.97674

		50		109.77846		0.15014		110.99611

		51		109.77379		0.15017		111.01545

		52		109.76914		0.15019		111.03477

		53		109.76452		0.15022		111.05407

		54		109.75992		0.15024		111.07335

		55		109.75534		0.15027		111.09261

		56		109.75079		0.1503		111.11184

		57		109.74625		0.15032		111.13105

		58		109.74174		0.15035		111.15024

		59		109.73726		0.15038		111.1694

		60		109.7328		0.1504		111.18855

		61		109.72836		0.15043		111.20767

		62		109.72394		0.15045		111.22677

		63		109.71954		0.15048		111.24585

		64		109.71517		0.1505		111.26491

		65		109.71082		0.15053		111.28394

		66		109.70649		0.15056		111.30296

		67		109.70218		0.15058		111.32195

		68		109.6979		0.15061		111.34092

		69		109.69363		0.15063		111.35986

		70		109.6894		0.15066		111.37879

		71		109.68518		0.15068		111.3977

		72		109.68098		0.15071		111.41658

		73		109.67681		0.15074		111.43544

		74		109.67266		0.15076		111.45428

		75		109.66853		0.15079		111.4731

		76		109.66442		0.15081		111.49189

		77		109.66034		0.15084		111.51067

		78		109.65627		0.15086		111.52942

		79		109.65224		0.15089		111.54815

		80		109.64822		0.15091		111.56686

		81		109.64422		0.15094		111.58554

		82		109.64024		0.15096		111.60421

		83		109.63628		0.15099		111.62286

		84		109.63235		0.15101		111.64148

		85		109.62844		0.15104		111.66008

		86		109.62455		0.15107		111.67866

		87		109.62068		0.15109		111.69722

		88		109.61684		0.15112		111.71576

		89		109.61301		0.15114		111.73428

		90		109.60921		0.15117		111.75277

		91		109.60542		0.15119		111.77124

		92		109.60166		0.15122		111.7897

		93		109.59792		0.15124		111.80813

		94		109.59421		0.15127		111.82654

		95		109.59051		0.15129		111.84492

		96		109.58683		0.15132		111.86329

		97		109.58318		0.15134		111.88164

		98		109.57954		0.15136		111.89996

		99		109.57593		0.15139		111.91827

		100		109.57233		0.15141		111.93655

		101		109.56892		0.15206		113.35701

		102		109.56625		0.15343		114.77583

		103		109.56467		0.15512		116.19302

		104		109.56432		0.15694		117.60859

		105		109.56525		0.15881		119.02252

		106		109.56752		0.16071		120.43484

		107		109.57111		0.16261		121.84552

		108		109.57603		0.16451		123.25459

		109		109.58228		0.16642		124.66203

		110		109.58986		0.16832		126.06786

		111		109.59875		0.17023		127.47208

		112		109.60897		0.17213		128.87468

		113		109.62051		0.17402		130.27567

		114		109.63337		0.17592		131.67505

		115		109.64754		0.17781		133.07281

		116		109.66302		0.1797		134.46898

		117		109.6798		0.18159		135.86354

		118		109.69789		0.18348		137.2565

		119		109.71728		0.18537		138.64786

		120		109.73797		0.18725		140.03761

		121		109.75996		0.18913		141.42577

		122		109.78323		0.19101		142.81233

		123		109.8078		0.19288		144.19731

		124		109.83365		0.19476		145.58069

		125		109.86079		0.19663		146.96246

		126		109.88922		0.1985		148.34265

		127		109.91891		0.20037		149.72125

		128		109.94989		0.20223		151.09828

		129		109.98214		0.2041		152.47374

		130		110.01566		0.20596		153.84761

		131		110.05045		0.20782		155.21989

		132		110.08651		0.20967		156.59059

		133		110.12383		0.21153		157.95973

		134		110.16241		0.21338		159.32729

		135		110.20224		0.21523		160.69328

		136		110.24332		0.21708		162.05769

		137		110.28566		0.21893		163.42055

		138		110.32925		0.22077		164.78183

		139		110.37408		0.22261		166.14154

		140		110.42016		0.22445		167.49969

		141		110.46748		0.22629		168.85629

		142		110.51603		0.22813		170.21133

		143		110.56582		0.22996		171.56482

		144		110.61684		0.23179		172.91675

		145		110.6691		0.23362		174.26712

		146		110.72258		0.23545		175.61594

		147		110.77728		0.23727		176.96321

		148		110.83321		0.2391		178.30893

		149		110.89035		0.24092		179.65309

		150		110.94872		0.24274		180.99573

		151		111.00829		0.24455		182.33681

		152		111.06907		0.24637		183.67636

		153		111.13107		0.24818		185.01436

		154		111.19427		0.24999		186.35083

		155		111.25867		0.2518		187.68576

		156		111.32427		0.25361		189.01915

		157		111.39107		0.25541		190.35101

		158		111.45907		0.25721		191.68135

		159		111.52826		0.25901		193.01016

		160		111.59864		0.26081		194.33745

		161		111.6702		0.26261		195.66321

		162		111.74295		0.2644		196.98744

		163		111.81688		0.2662		198.31015

		164		111.89199		0.26798		199.63133

		165		111.96828		0.26977		200.95099

		166		112.04574		0.27156		202.26915

		167		112.12437		0.27334		203.58578

		168		112.20417		0.27512		204.90089

		169		112.28513		0.2769		206.21451

		170		112.36726		0.27868		207.5266

		171		112.45054		0.28046		208.83719

		172		112.53498		0.28223		210.14627

		173		112.62058		0.284		211.45384

		174		112.70734		0.28577		212.75992

		175		112.79525		0.28754		214.0645

		176		112.88431		0.2893		215.36757

		177		112.97451		0.29107		216.66914

		178		113.06586		0.29283		217.96922

		179		113.15834		0.29459		219.26781

		180		113.25196		0.29635		220.5649

		181		113.34672		0.2981		221.8605

		182		113.44261		0.29985		223.15462

		183		113.53963		0.30161		224.44725

		184		113.63779		0.30335		225.73839

		185		113.73705		0.3051		227.02805

		186		113.83745		0.30685		228.31622

		187		113.93896		0.30859		229.60292

		188		114.0416		0.31033		230.88814

		189		114.14534		0.31207		232.17189

		190		114.2502		0.31381		233.45415

		191		114.35617		0.31554		234.73494

		192		114.46325		0.31728		236.01427

		193		114.57143		0.31901		237.29213

		194		114.68072		0.32074		238.5685

		195		114.7911		0.32246		239.8434

		196		114.90258		0.32419		241.11684

		197		115.01516		0.32591		242.38881

		198		115.12883		0.32763		243.65933

		199		115.24359		0.32935		244.92841

		200		115.35944		0.33107		246.19601

		201		115.47779		0.33853		260.45468

		202		115.60395		0.35275		274.69699

		203		115.74109		0.36985		288.92288

		204		115.89054		0.38818		303.13245

		205		116.05287		0.40701		317.32568

		206		116.22829		0.42605		331.50259

		207		116.41689		0.44516		345.66321

		208		116.61868		0.46429		359.80756

		209		116.83366		0.48342		373.93564

		210		117.06178		0.50254		388.04749

		211		117.30305		0.52163		402.14313

		212		117.55743		0.54071		416.22256

		213		117.82489		0.55977		430.28583

		214		118.1054		0.5788		444.33292

		215		118.39893		0.59782		458.36386

		216		118.70547		0.61681		472.37869

		217		119.02497		0.63579		486.37741

		218		119.35741		0.65475		500.36002

		219		119.70275		0.67369		514.3266

		220		120.06097		0.69261		528.2771

		221		120.43204		0.71151		542.21155

		222		120.81594		0.7304		556.13

		223		121.21262		0.74927		570.03247

		224		121.62207		0.76813		583.91895

		225		122.04424		0.78697		597.78949

		226		122.47912		0.80581		611.64404

		227		122.92666		0.82463		625.48273

		228		123.38683		0.84345		639.30542

		229		123.85961		0.86226		653.11224

		230		124.34496		0.88107		666.9032

		231		124.84285		0.89988		680.67834

		232		125.35324		0.91869		694.43768

		233		125.8761		0.93751		708.18115

		234		126.41139		0.95634		721.90887

		235		126.95908		0.97518		735.62079

		236		127.51913		0.99404		749.31696

		237		128.09149		1.01293		762.99738

		238		128.67613		1.03185		776.66205

		239		129.27301		1.05081		790.31104

		240		129.88208		1.06982		803.94434

		241		130.5033		1.08888		817.56201

		242		131.1366		1.10801		831.16394

		243		131.78194		1.12721		844.75024

		244		132.43929		1.14651		858.32092

		245		133.10855		1.16591		871.8761

		246		133.78967		1.18543		885.41565

		247		134.48259		1.20509		898.93964

		248		135.18724		1.22491		912.44806

		249		135.90352		1.24492		925.94098

		250		136.63136		1.26515		939.4184

		251		137.36942		1.2797		939.88776

		252		138.1129		1.28706		940.35663

		253		138.85875		1.29101		940.82495

		254		139.60555		1.29336		941.29272

		255		140.35263		1.29493		941.76001

		256		141.09966		1.29614		942.22668

		257		141.84648		1.29718		942.69287

		258		142.59302		1.29813		943.15851

		259		143.33925		1.29904		943.6236

		260		144.08516		1.29993		944.0882

		261		144.83073		1.30082		944.55219

		262		145.57596		1.3017		945.01569

		263		146.32085		1.30258		945.4787

		264		147.06538		1.30346		945.9411

		265		147.80959		1.30435		946.40302

		266		148.55342		1.30523		946.86438

		267		149.29692		1.30611		947.3252

		268		150.04007		1.307		947.78552

		269		150.78287		1.30789		948.2453

		270		151.52533		1.30878		948.70453

		271		152.26743		1.30967		949.16327

		272		153.00919		1.31056		949.62146

		273		153.75058		1.31145		950.0791

		274		154.49164		1.31235		950.53625

		275		155.23233		1.31325		950.99292

		276		155.97269		1.31414		951.44897

		277		156.71268		1.31504		951.90454

		278		157.45233		1.31595		952.35962

		279		158.19162		1.31685		952.81415

		280		158.93056		1.31775		953.26813

		281		159.66914		1.31866		953.72162

		282		160.40736		1.31957		954.17462

		283		161.14523		1.32048		954.62701

		284		161.88275		1.32139		955.07892

		285		162.6199		1.32231		955.53033

		286		163.3567		1.32322		955.98126

		287		164.09315		1.32414		956.43158

		288		164.82924		1.32506		956.88141

		289		165.56496		1.32598		957.33075

		290		166.30032		1.3269		957.7796

		291		167.03534		1.32783		958.22784

		292		167.76999		1.32876		958.6756

		293		168.50427		1.32969		959.12286

		294		169.23819		1.33062		959.56964

		295		169.97174		1.33155		960.01593

		296		170.70493		1.33249		960.46161

		297		171.43776		1.33343		960.9068

		298		172.17024		1.33437		961.3515

		299		172.90236		1.33531		961.79572

		300		173.63411		1.33625		962.23944

		301		174.36549		1.3372		962.68256

		302		175.09651		1.33815		963.12518

		303		175.82716		1.3391		963.56732

		304		176.55745		1.34006		964.00897

		305		177.28735		1.34101		964.45013

		306		178.01688		1.34197		964.89081

		307		178.74603		1.34294		965.33093

		308		179.47482		1.3439		965.77051

		309		180.20325		1.34487		966.20959

		310		180.9313		1.34584		966.64819

		311		181.659		1.34681		967.0863

		312		182.38629		1.34779		967.52393

		313		183.11322		1.34876		967.96106

		314		183.83978		1.34975		968.39771

		315		184.56598		1.35073		968.83374

		316		185.29178		1.35172		969.26929

		317		186.01721		1.35271		969.70435

		318		186.74228		1.3537		970.13892

		319		187.46695		1.3547		970.573

		320		188.19125		1.3557		971.00659

		321		188.91518		1.3567		971.4397

		322		189.63872		1.3577		971.87231

		323		190.36188		1.35871		972.30444

		324		191.08466		1.35973		972.73608

		325		191.80705		1.36074		973.16724

		326		192.52907		1.36176		973.5979

		327		193.2507		1.36278		974.02802

		328		193.97195		1.36381		974.45758

		329		194.69281		1.36484		974.88666

		330		195.41328		1.36587		975.31525

		331		196.13338		1.36691		975.74335

		332		196.85307		1.36795		976.17096

		333		197.57239		1.369		976.59808

		334		198.29132		1.37005		977.02472

		335		199.00986		1.3711		977.45087

		336		199.728		1.37216		977.87653

		337		200.44574		1.37322		978.3017

		338		201.1631		1.37429		978.72638

		339		201.88007		1.37536		979.15057

		340		202.59663		1.37643		979.57428

		341		203.31281		1.37751		979.9975

		342		204.02858		1.37859		980.42023

		343		204.74396		1.37968		980.84247

		344		205.45894		1.38078		981.26422

		345		206.17352		1.38187		981.68549

		346		206.88771		1.38298		982.10626

		347		207.60149		1.38409		982.52655

		348		208.31487		1.3852		982.94635

		349		209.02783		1.38632		983.36566

		350		209.7404		1.38744		983.78461

		351		210.45258		1.38857		984.20306

		352		211.16434		1.38971		984.62103

		353		211.87569		1.39085		985.03851

		354		212.58664		1.39199		985.45551

		355		213.29716		1.39315		985.87201

		356		214.00729		1.39431		986.28802

		357		214.717		1.39547		986.70355

		358		215.4263		1.39664		987.11859

		359		216.13518		1.39782		987.53314

		360		216.84364		1.399		987.9472

		361		217.5517		1.40019		988.36078

		362		218.25932		1.40139		988.77393

		363		218.96652		1.4026		989.18665

		364		219.67332		1.40381		989.59888

		365		220.3797		1.40503		990.01062

		366		221.08565		1.40626		990.42188

		367		221.79117		1.40749		990.83264

		368		222.49626		1.40873		991.24292

		369		223.20093		1.40998		991.65271

		370		223.90517		1.41124		992.06207

		371		224.60898		1.41251		992.47101

		372		225.31233		1.41379		992.87946

		373		226.01526		1.41507		993.28741

		374		226.71776		1.41637		993.69489

		375		227.41982		1.41767		994.10187

		376		228.12143		1.41898		994.50836

		377		228.82262		1.42031		994.91449

		378		229.52335		1.42164		995.32013

		379		230.22363		1.42298		995.72528

		380		230.92348		1.42434		996.12994

		381		231.62286		1.4257		996.53412

		382		232.32181		1.42708		996.93793

		383		233.02029		1.42847		997.34125

		384		233.71832		1.42987		997.74408

		385		234.41589		1.43128		998.14642

		386		235.11301		1.4327		998.54828

		387		235.80966		1.43414		998.94977

		388		236.50584		1.43559		999.35077

		389		237.20155		1.43706		999.75128

		390		237.8968		1.43854		1000.15131

		391		238.59157		1.44003		1000.5509

		392		239.28587		1.44154		1000.95007

		393		239.97969		1.44307		1001.34875

		394		240.67302		1.44461		1001.74695

		395		241.36586		1.44617		1002.14471

		396		242.05821		1.44775		1002.54205

		397		242.75008		1.44934		1002.9389

		398		243.44145		1.45095		1003.33527

		399		244.13234		1.45258		1003.7312

		400		244.82271		1.45424		1004.12671

		401		245.51259		1.45591		1004.52173

		402		246.20195		1.45761		1004.91626

		403		246.89079		1.45932		1005.31042

		404		247.57912		1.46107		1005.7041

		405		248.26692		1.46283		1006.09729

		406		248.95419		1.46462		1006.49005

		407		249.64095		1.46644		1006.88239

		408		250.32715		1.46829		1007.27423

		409		251.0128		1.47017		1007.66565

		410		251.69791		1.47207		1008.05664

		411		252.38246		1.47402		1008.44714

		412		253.06645		1.47599		1008.83716

		413		253.74988		1.478		1009.22681

		414		254.43272		1.48005		1009.61597

		415		255.11497		1.48213		1010.00464

		416		255.79665		1.48426		1010.39294

		417		256.47769		1.48644		1010.78076

		418		257.15814		1.48866		1011.16809

		419		257.83798		1.49093		1011.55505

		420		258.51718		1.49326		1011.94153

		421		259.19574		1.49564		1012.32758

		422		259.87363		1.49809		1012.7132

		423		260.55084		1.5006		1013.09833

		424		261.22736		1.50318		1013.48303

		425		261.9032		1.50584		1013.86731

		426		262.57831		1.50858		1014.2511

		427		263.25269		1.51141		1014.63452

		428		263.92627		1.51434		1015.01746

		429		264.59909		1.51738		1015.39996

		430		265.27109		1.52054		1015.78204

		431		265.94226		1.52382		1016.16364

		432		266.61252		1.52726		1016.54486

		433		267.28186		1.53085		1016.9256

		434		267.95026		1.53463		1017.30591

		435		268.61761		1.53862		1017.68579

		436		269.28391		1.54284		1018.06525

		437		269.94901		1.54734		1018.44427

		438		270.61285		1.55217		1018.82281

		439		271.27536		1.55737		1019.20099

		440		271.9364		1.56302		1019.57867

		441		272.59576		1.56923		1019.95593

		442		273.25323		1.57612		1020.33276

		443		273.90851		1.58388		1020.70917

		444		274.56119		1.59277		1021.08514

		445		275.21066		1.60319		1021.46069

		446		275.85605		1.61577		1021.83582

		447		276.49591		1.63154		1022.21045

		448		277.12772		1.65245		1022.58472

		449		277.7464		1.68256		1022.9585

		450		278.33945		1.73231		1023.33191

		451		278.86249		1.84103		1023.70483

		452		278.83649		2.46115		1024.07751

		453		276.42438		5.19027		1024.44861

		454		275.08655		6.53686		1024.8197

		455		274.39578		7.10261		1025.1908

		456		273.9794		7.33837		1025.56165

		457		273.67935		7.4351		1025.93213

		458		273.42899		7.47334		1026.30212

		459		273.20029		7.48696		1026.67163

		460		272.98145		7.49022		1027.04065

		461		272.76749		7.48914		1027.40942

		462		272.5563		7.48625		1027.77771

		463		272.34698		7.48261		1028.14551

		464		272.13916		7.47867		1028.51294

		465		271.93268		7.47462		1028.88

		466		271.72748		7.47053		1029.24658

		467		271.5235		7.46645		1029.61267

		468		271.32074		7.46239		1029.97839

		469		271.1192		7.45835		1030.34375

		470		270.91885		7.45433		1030.70862

		471		270.7197		7.45034		1031.073

		472		270.52173		7.44638		1031.43713

		473		270.32495		7.44244		1031.80078

		474		270.12933		7.43852		1032.16394

		475		269.93491		7.43463		1032.52673

		476		269.74164		7.43077		1032.88916

		477		269.54953		7.42693		1033.2511

		478		269.35858		7.42312		1033.61255

		479		269.16879		7.41934		1033.97375

		480		268.98013		7.41558		1034.33447

		481		268.7926		7.41184		1034.6947

		482		268.60623		7.40813		1035.05469

		483		268.42096		7.40444		1035.41418

		484		268.23685		7.40078		1035.77319

		485		268.05383		7.39714		1036.13184

		486		267.87192		7.39353		1036.49011

		487		267.69113		7.38994		1036.8479

		488		267.51147		7.38638		1037.20532

		489		267.33292		7.38284		1037.56238

		490		267.15543		7.37933		1037.91895

		491		266.979		7.37583		1038.27515

		492		266.80368		7.37237		1038.63098

		493		266.62946		7.36892		1038.98633

		494		266.45627		7.3655		1039.34131

		495		266.28418		7.3621		1039.69592

		496		266.11313		7.35873		1040.05005

		497		265.94315		7.35538		1040.40369

		498		265.77423		7.35205		1040.75708

		499		265.60635		7.34875		1041.10999

		500		265.43951		7.34547		1041.46252

		501		265.27371		7.34221		1041.8147

		502		265.10895		7.33897		1042.16638

		503		264.94522		7.33576		1042.5177

		504		264.78253		7.33257		1042.86865

		505		264.62085		7.3294		1043.21912

		506		264.46021		7.32625		1043.56921

		507		264.30054		7.32313		1043.91895

		508		264.14191		7.32003		1044.26819

		509		263.98425		7.31695		1044.61707

		510		263.82761		7.31389		1044.96558

		511		263.67197		7.31086		1045.3136

		512		263.5173		7.30784		1045.66138

		513		263.36362		7.30485		1046.00867

		514		263.21091		7.30188		1046.35547

		515		263.05917		7.29893		1046.70203

		516		262.90842		7.296		1047.0481

		517		262.75864		7.29309		1047.3938

		518		262.60977		7.2902		1047.73914

		519		262.46188		7.28734		1048.08398

		520		262.31494		7.28449		1048.42847

		521		262.16895		7.28167		1048.77258

		522		262.0239		7.27887		1049.11621

		523		261.87979		7.27608		1049.45959

		524		261.7366		7.27332		1049.80249

		525		261.59436		7.27058		1050.14502

		526		261.45303		7.26786		1050.48718

		527		261.31262		7.26515		1050.82886

		528		261.17313		7.26247		1051.17029

		529		261.03455		7.25981		1051.51123

		530		260.89688		7.25717		1051.85181

		531		260.76013		7.25455		1052.19202

		532		260.62427		7.25194		1052.53174

		533		260.48929		7.24936		1052.87122

		534		260.35522		7.2468		1053.21021

		535		260.22202		7.24425		1053.54883

		536		260.08972		7.24173		1053.88708

		537		259.95828		7.23922		1054.22485

		538		259.82773		7.23674		1054.56238

		539		259.69806		7.23427		1054.89941

		540		259.56924		7.23182		1055.23608

		541		259.44128		7.22939		1055.57239

		542		259.31418		7.22698		1055.9082

		543		259.18793		7.22459		1056.24377

		544		259.06253		7.22222		1056.57886

		545		258.93799		7.21986		1056.91357

		546		258.8143		7.21753		1057.24792

		547		258.69144		7.21521		1057.58191

		548		258.5694		7.21291		1057.91553

		549		258.44821		7.21063		1058.24866

		550		258.32782		7.20836		1058.58154

		551		258.20828		7.20612		1058.91394

		552		258.08954		7.20389		1059.24609

		553		257.97162		7.20168		1059.57776

		554		257.85452		7.19949		1059.90906

		555		257.73822		7.19732		1060.23999

		556		257.62271		7.19516		1060.57043

		557		257.50803		7.19302		1060.90063

		558		257.39413		7.1909		1061.23035

		559		257.28104		7.18879		1061.55981

		560		257.16873		7.18671		1061.88879

		561		257.05719		7.18464		1062.21741

		562		256.94644		7.18258		1062.54565

		563		256.83646		7.18055		1062.87354

		564		256.72726		7.17853		1063.20105

		565		256.61884		7.17652		1063.5282

		566		256.51117		7.17454		1063.85498

		567		256.40427		7.17257		1064.18127

		568		256.29813		7.17062		1064.50732

		569		256.19272		7.16868		1064.83289

		570		256.0881		7.16676		1065.1582

		571		255.98422		7.16486		1065.48303

		572		255.88107		7.16297		1065.80762

		573		255.77869		7.1611		1066.13171

		574		255.67703		7.15925		1066.45557

		575		255.57611		7.15741		1066.77893

		576		255.47592		7.15558		1067.10193

		577		255.37646		7.15378		1067.42456

		578		255.27771		7.15199		1067.74683

		579		255.17969		7.15021		1068.06873

		580		255.08238		7.14845		1068.39026

		581		254.98579		7.14671		1068.71143

		582		254.88991		7.14498		1069.03223

		583		254.79472		7.14326		1069.35266

		584		254.70026		7.14157		1069.67273

		585		254.60649		7.13988		1069.99243

		586		254.51341		7.13822		1070.31177

		587		254.42104		7.13656		1070.63074

		588		254.32935		7.13493		1070.94934

		589		254.23834		7.1333		1071.26758

		590		254.14803		7.1317		1071.58545

		591		254.05838		7.1301		1071.90295

		592		253.96941		7.12852		1072.22009

		593		253.8811		7.12696		1072.53687

		594		253.79347		7.12541		1072.85327

		595		253.70651		7.12388		1073.16931

		596		253.62022		7.12236		1073.48499

		597		253.53461		7.12085		1073.80029

		598		253.44963		7.11936		1074.11523

		599		253.36533		7.11788		1074.42981

		600		253.28166		7.11642		1074.74402

		601		253.19865		7.11497		1075.05786

		602		253.11629		7.11354		1075.37134

		603		253.03456		7.11212		1075.68445

		604		252.95348		7.11071		1075.99731

		605		252.87303		7.10932		1076.30969

		606		252.79323		7.10794		1076.62183

		607		252.71405		7.10657		1076.93347

		608		252.6355		7.10522		1077.24487

		609		252.55756		7.10388		1077.55579

		610		252.48026		7.10256		1077.86646

		611		252.40356		7.10125		1078.17676

		612		252.32748		7.09995		1078.48669

		613		252.25201		7.09866		1078.79626

		614		252.17715		7.09739		1079.10547

		615		252.10291		7.09613		1079.41431

		616		252.02927		7.09489		1079.72278

		617		251.95622		7.09366		1080.03101

		618		251.88377		7.09244		1080.33875

		619		251.81192		7.09123		1080.64624

		620		251.74066		7.09004		1080.95325

		621		251.67		7.08886		1081.26001

		622		251.59991		7.08769		1081.56641

		623		251.53041		7.08653		1081.87244

		624		251.46149		7.08539		1082.1781

		625		251.39314		7.08426		1082.4834

		626		251.32538		7.08314		1082.78845

		627		251.25819		7.08204		1083.09302

		628		251.19157		7.08094		1083.39734

		629		251.12552		7.07986		1083.70117

		630		251.06003		7.07879		1084.00476

		631		250.9951		7.07774		1084.30798

		632		250.93073		7.07669		1084.61084

		633		250.8669		7.07566		1084.91333

		634		250.80363		7.07464		1085.21545

		635		250.74092		7.07363		1085.51733

		636		250.67874		7.07264		1085.81885

		637		250.61711		7.07165		1086.12

		638		250.55603		7.07068		1086.42078

		639		250.4955		7.06972		1086.72119

		640		250.4355		7.06877		1087.02136

		641		250.37604		7.06783		1087.32104

		642		250.31711		7.0669		1087.62048

		643		250.25871		7.06599		1087.91956

		644		250.20084		7.06508		1088.21826

		645		250.14348		7.06419		1088.51672

		646		250.08664		7.06331		1088.8147

		647		250.03033		7.06244		1089.11243

		648		249.97453		7.06158		1089.40979

		649		249.91925		7.06073		1089.70679

		650		249.86449		7.0599		1090.00342

		651		249.81023		7.05907		1090.29968

		652		249.75647		7.05826		1090.5957

		653		249.70322		7.05745		1090.89136

		654		249.65047		7.05666		1091.18665

		655		249.59822		7.05588		1091.48169

		656		249.54646		7.05511		1091.77625

		657		249.49519		7.05435		1092.07056

		658		249.44444		7.0536		1092.3645

		659		249.39418		7.05286		1092.65808

		660		249.34441		7.05213		1092.95142

		661		249.29509		7.05141		1093.24438

		662		249.24626		7.0507		1093.53699

		663		249.19792		7.05		1093.82922

		664		249.15005		7.04931		1094.12109

		665		249.10266		7.04864		1094.41272

		666		249.05576		7.04797		1094.70398

		667		249.00931		7.04731		1094.99487

		668		248.96333		7.04667		1095.28552

		669		248.91783		7.04603		1095.57581

		670		248.87279		7.0454		1095.86572

		671		248.8282		7.04479		1096.15527

		672		248.78407		7.04418		1096.44446

		673		248.7404		7.04358		1096.7334

		674		248.69719		7.04299		1097.02197

		675		248.65442		7.04242		1097.31018

		676		248.61211		7.04185		1097.59814

		677		248.57025		7.04129		1097.88574

		678		248.52882		7.04074		1098.17297

		679		248.48785		7.0402		1098.45996

		680		248.44731		7.03967		1098.74658

		681		248.40723		7.03915		1099.03284

		682		248.36757		7.03864		1099.31885

		683		248.32834		7.03814		1099.60449

		684		248.28954		7.03765		1099.88977

		685		248.25117		7.03716		1100.1748

		686		248.21326		7.03669		1100.45947

		687		248.17574		7.03622		1100.74377

		688		248.13864		7.03577		1101.02783

		689		248.10197		7.03532		1101.31152

		690		248.06573		7.03488		1101.59485

		691		248.02992		7.03445		1101.87793

		692		247.99451		7.03403		1102.16064

		693		247.95952		7.03362		1102.44299

		694		247.92493		7.03322		1102.7251

		695		247.89076		7.03283		1103.00684

		696		247.85699		7.03244		1103.28821

		697		247.82364		7.03207		1103.56934

		698		247.79068		7.0317		1103.8501

		699		247.75813		7.03134		1104.13049

		700		247.72598		7.03099		1104.41064

		701		247.69423		7.03065		1104.69043

		702		247.66286		7.03032		1104.96985

		703		247.63188		7.02999		1105.24902

		704		247.6013		7.02968		1105.52783

		705		247.57112		7.02937		1105.80627

		706		247.54132		7.02907		1106.08447

		707		247.5119		7.02878		1106.3623

		708		247.48286		7.02849		1106.63977

		709		247.45421		7.02822		1106.91699

		710		247.42593		7.02795		1107.19385

		711		247.39804		7.02769		1107.47034

		712		247.37051		7.02744		1107.74658

		713		247.34337		7.0272		1108.02258

		714		247.3166		7.02696		1108.29822

		715		247.29021		7.02674		1108.57349

		716		247.26418		7.02652		1108.84851

		717		247.23851		7.02631		1109.12317

		718		247.21321		7.0261		1109.39746

		719		247.18828		7.02591		1109.67151

		720		247.1637		7.02572		1109.94519

		721		247.13947		7.02554		1110.21863

		722		247.1156		7.02536		1110.4917

		723		247.0921		7.0252		1110.76453

		724		247.06894		7.02504		1111.03699

		725		247.04614		7.02489		1111.30908

		726		247.02368		7.02475		1111.58093

		727		247.00159		7.02461		1111.85242

		728		246.97983		7.02448		1112.12366

		729		246.9584		7.02436		1112.39453

		730		246.93733		7.02425		1112.66516

		731		246.91661		7.02414		1112.93542

		732		246.89622		7.02404		1113.20532

		733		246.87617		7.02395		1113.47498

		734		246.85646		7.02387		1113.74438

		735		246.83708		7.02379		1114.01343

		736		246.81802		7.02372		1114.2821

		737		246.7993		7.02366		1114.55054

		738		246.78091		7.0236		1114.81873

		739		246.76285		7.02355		1115.08655

		740		246.7451		7.02351		1115.354

		741		246.72769		7.02347		1115.62122

		742		246.7106		7.02344		1115.88806

		743		246.69383		7.02342		1116.15466

		744		246.67738		7.02341		1116.4209

		745		246.66125		7.0234		1116.68689

		746		246.64543		7.0234		1116.95251

		747		246.62993		7.0234		1117.2179

		748		246.61475		7.02341		1117.48291

		749		246.59987		7.02343		1117.74768

		750		246.5853		7.02345		1118.01208

		751		246.57103		7.02348		1118.27625

		752		246.55707		7.02352		1118.54004

		753		246.54341		7.02357		1118.80359

		754		246.53006		7.02362		1119.06677

		755		246.51701		7.02367		1119.32971

		756		246.50427		7.02374		1119.59229

		757		246.49182		7.02381		1119.85461

		758		246.47966		7.02388		1120.1167

		759		246.4678		7.02396		1120.37842

		760		246.45624		7.02405		1120.63977

		761		246.44496		7.02414		1120.90088

		762		246.43398		7.02425		1121.16174

		763		246.42328		7.02435		1121.42224

		764		246.41287		7.02446		1121.6825

		765		246.40276		7.02458		1121.94238

		766		246.39291		7.02471		1122.20203

		767		246.38336		7.02484		1122.4613

		768		246.37408		7.02497		1122.72034

		769		246.3651		7.02512		1122.979

		770		246.35638		7.02526		1123.23743

		771		246.34795		7.02542		1123.49561

		772		246.33978		7.02558		1123.75342

		773		246.33189		7.02574		1124.01099

		774		246.32428		7.02592		1124.26819

		775		246.31694		7.02609		1124.52515

		776		246.30986		7.02627		1124.78186

		777		246.30305		7.02646		1125.03821

		778		246.29652		7.02666		1125.29431

		779		246.29025		7.02686		1125.55005

		780		246.28424		7.02706		1125.80554

		781		246.2785		7.02727		1126.06079

		782		246.27301		7.02749		1126.31567

		783		246.26779		7.02771		1126.57031

		784		246.26282		7.02794		1126.82458

		785		246.25812		7.02817		1127.07861

		786		246.25366		7.02841		1127.3324

		787		246.24947		7.02865		1127.58582

		788		246.24553		7.0289		1127.83899

		789		246.24184		7.02915		1128.0918

		790		246.23839		7.02941		1128.34436

		791		246.23518		7.02968		1128.59668

		792		246.23225		7.02994		1128.84863

		793		246.22957		7.03022		1129.10034

		794		246.22713		7.0305		1129.35168

		795		246.22493		7.03078		1129.60278

		796		246.22298		7.03107		1129.85364

		797		246.22125		7.03137		1130.10413

		798		246.21976		7.03167		1130.35437

		799		246.21851		7.03197		1130.60425

		800		246.2175		7.03228		1130.85388

		801		246.21674		7.0326		1131.10327

		802		246.21619		7.03292		1131.35242

		803		246.21588		7.03324		1131.6012

		804		246.21582		7.03357		1131.84973

		805		246.21597		7.03391		1132.0979

		806		246.21637		7.03424		1132.34583

		807		246.21698		7.03459		1132.59351

		808		246.21783		7.03494		1132.84094

		809		246.2189		7.03529		1133.08801

		810		246.2202		7.03565		1133.33484

		811		246.22173		7.03601		1133.5813

		812		246.22346		7.03638		1133.82751

		813		246.22542		7.03675		1134.07349
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