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JOINT PROBABILITY DISTRIBUTIONS FOR WAVE HEIGHT, WIND SETUP AND Wind speed
P.H.A.J.M. van Gelder, J.K. Vrijling and D.H. van haaren
Delft University of Technology, Faculty of Civil Engineering and Geosciences, Stevinweg 1, 2600 GA Delft, the Netherlands

Summary: In this paper a statistical procedure to model joint probability distributions of wave height and wind speed and -setup will be critically reviewed on its performance. 
1. Introduction 

Failure of coastal protection due to flooding is mainly caused by a combination of high water levels and waves. If one considers these as independent variables, the probability of failure can be calculated easily, but this would be an incorrect assumption. These two variables are dependent, so a method suitable for multivariate statistics is to be applied, if one does not want to over- or underestimate the probability of failure. 
In this paper, the analysis of multivariate statistical procedures will be performed in different steps. In the first phase it is assumed that the physical models which describe water levels and wave heights as a function of wind speed, fetch, direction etc., are perfect. In such a situation the probability of exceedance of a given combination of water level and wave height is equal to a probability of exceedance of a corresponding wind speed. When the physical models are perfect, the marginal exceedance frequencies of water level and wave height can be determined analytically, so observations of water level and wave height can be simulated. The size of the generated data sets is varied to determine the exceedance frequencies of a pre-determined combination of loads. The results are compared with the exact results.




In the second phase the marginal distributions of water level and wave height are not directly determined by the combination of wind statistics and physics, but by fitting a Weibull-distribution through simulated data. The physical data are still assumed to be perfect, so that the exceedance frequency of a given combination of hydraulic conditions still can be determined analytically. The results of the methods are again compared with the exact values.

In the third phase, wind and pressure fields are manipulated using a hydrodynamic model WAQUA in order to create extreme circumstances. This way the extrapolated data with statistical methods can be compared with results of the hydrodynamic model during extreme storm conditions.  


Finally in the fourth phase the assumption of the perfect physical models is abandoned. Model uncertainties are included as additional errors (with normal distributions). The parameters of the distributions follow from an earlier analysis of field observations at the stations on the North Sea (Voortman, 2002). Due  to the model uncertainties an analytical solution of the exact exceedance frequency of a given combination of loads is not possible anymore. Level II (FORM) and level III (Monte Carlo) methods are used to determine the exceedance frequency. 
2. Hydraulic variables 
Water level fluctuations in the North Sea are primarily caused by tidal forces, often in combination with wind blowing over the sea surface resulting in set-up. The tidal part is fully deterministic and known, but the wind-induced part is less predictable, due to its high variability and partial stochastic nature of atmospheric flows. Wind therefore is a spatially and temporarily varying phenomenon, which is often simplified in two major variables if this wind is examined at one location: wind speed and wind direction. Of course more influences exist, but taking all of these into account would make investigations as carried out in this paper almost impossible due to the high number of combinations that are possible. Most important simplification is using the wind speed at a certain location in combination with set-up, which means that not the complete wind field over the North Sea is used. This means that set-up generated elsewhere is not directly taken into account. The data used in the extrapolation procedure will show some scatter because of these simplifications.

In this study four data sets are used, measured at the following locations: Euro platform (Eur), K13 platform (K13), Ymuiden (Ym) and Hoek van Holland (HvH). The first two are located at relative deep water, the latter two are close to the coast. At these locations wind speed and direction and water levels are recorded over a period covering 1979 – 2001.
3. Requirements regarding data
Determining extreme water levels is one of the subjects of this study, but some considerations should be given to the fact that the water level in a sea is influenced by astronomical tide, (wind generated) set-up and some other phenomena. The most dominant fluctuations are caused by astronomical tide and wind generated set-up (or storm surge). As the astronomical tide is generated by celestial bodies and set-up by wind fields, both phenomena can be seen as independent variables. Therefore, these variables can be treated separately and combined later on. Harmonic constants are used to calculate the astronomical tide in a deterministic way, which means the high tide level can be predicted in advance. The high tides fluctuate in time, which introduces a variation in the water level that is not caused by meteorological events. A high tide level with a small wind induced set-up can result in an equal water level caused by a high set-up with a lower tidal level possibly not a high tide. A threshold should be used to obtain a homogenous data set so the data material of a set relates to the same climatologic and hydraulic circumstances. The selected observations have to exceed this threshold in order to be extreme values. 

A choice to use set-up values instead of water levels to determine the extreme hydraulic conditions means that set-up and astronomical tide are treated as separate, independent variables. In storm conditions it is however likely that the highest water level does not coincide with the moment the highest astronomical water level should occur. In order to be able to reconstruct water levels by using the set-up values so-called skewed set-up can be used (the rather obscure expression skewed set-up ensues from a literal translation from the Dutch expression ‘scheve opzet’). Figure 1 illustrates the difference between set-up and skewed set-up. The vertical axis shows the water level relative to N.A.P. (Dutch reference level). It can be seen that the highest water level does not occur at the time of the (expected) high tide, but somewhat later. Simply subtracting the water level and the astronomical water level would result in a lower set-up, because the high tide occurs later (dt). This is shown in the figure by arrow ‘dt’, the highest water level is marked ‘o’. The skewed set-up in this example can be calculated by subtracting the highest water level around the astronomical high tide and the value of the astronomical high tide itself, which in this case is represented by arrow ‘dh’. In general during storm conditions that generate positive set-up, the high tide occurs earlier than without wind induced water level elevations. Due to the higher water level and therefore deeper water the high tide travels faster compared to a situation with shallow water.
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Figure 1. Example of (skewed) set-up at location Ymuiden. Dashed line: astronomical water level. Solid line: measured water level. Skewed set-up is represented by ‘dh’.
This means that in this paper the relation between wind speed and skewed set-up will be examined as skewed set-up has more suitable properties for probabilistic studies than water level and (‘straight’) set-up. 

4. Independence and homogeneity of data

To link storm surge to occurring wind speeds, independent storm periods are used. A 48-hour time span is chosen to separate maxima of storms, in correspondence with other European wind climate analyses. An example of application of this dependence demand concerning wind speed is shown in Figure 2. The two separate storms are indicated by the dotted lines. Between two exceedances of the threshold, which is set to 15 m/s, a time span of 48 hours is required. Although multiple threshold passages can be noted in the left ‘storm period’, this still is considered one storm, as the independence demand is not met (time span between two exceedances is shorter than 48 hours). At the Dutch Institute of Coast and Sea of the Ministry of Public Works, Water Management and Transport, RIKZ, another method to distinct different storm periods is used (RIKZ, 1995), where 3 – 5 tidal cycles are used as the time between two exceedances of the imposed threshold. 
[image: image2.png]d speed (nVs)

Wi

E

ET———
Tl
+ Excesdncss dr

fom A
fom 2

 Excesdnces d

48 hours o 48 houre

Hours





Figure 2. Example of independence demand applied to wind speed
All these examinations show that using four tidal cycles as an independence interval (during which observations are considered dependent) is a good or at least generally accepted measure when selecting independent events. 
In this study the highest water level during a storm period will be used to determine the corresponding value of skewed set-up. A twelve hour period preceding this moment will be used to determine both average and maximum wind speed of this time span. 
5. Statistical extrapolation method
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De Haan and Resnick (1993) developed a method which is based on scaling variables in the exponential space with: 
in which, Nf the number of points in the failure domain, N the total number of points and ( the shift parameter.

This means that simultaneous variables have to be transformed from physical to exponential space by assigning a probability of occurrence to each observation (De Haan and De Ronde, 1997). An important requirement is that the variables that are used are asymptotical dependent (see Van Marle, 1999). The observations are split into separate variables, which are used to estimate the separate marginal frequency distributions. Several types of distributions can be used to model this. Wind speeds are often modelled by assuming the data to be Weibull distributed (see eg. Wieringa and Rijkoort, 1983). The 3-parameter Weibull distribution is used to estimate the marginal wind speeds in this study and has also been tested on the set-up data. This has led to satisfactory results, so that the marginals of both variables are estimated by fitting a Weibull distribution to the observations over 23 years. An advantage of using a Weibull distribution with the set-up data is that the investigated statistical extrapolation method (De Haan and Resnick, 1993) provides better results if two equal types of distributions are used. 

The selection of relevant events is carried out in different ways, most important difference being the selection based on (exceedance of a pre-determined threshold regarding) wind speed or set-up. Selection based on set-up appears to be the best way to select data for extrapolation, as the selection is based on a variable that is of interest in this case. 

Another difference is the use of an average or maximum wind speed preceding high tide. In this paper the averaged wind speed stands for a twelve-hour period preceding the observed skewed set-up (or the moment the highest water level is reached). The maximum wind speed is the highest wind speed on the time span 12 hours before skewed set-up and the moment this skewed set-up takes place. A graphical example of extrapolation result can be found in Fig. 3. Most striking is the nearly straight extrapolation path if a data set is used that is selected based on wind speeds. 
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Figure 3. Extrapolation path using wind speed selected data set. Horizontal axis: 12 hourly averaged wind speed preceding highest water level. Vertical axis: Skewed set-up. 
The marginal fit of the skewed set-up in this case is not very accurate with rather high shape parameters. These shape parameters for skewed set-up are almost equal to the shape parameters of the wind speeds. This means that the factor x/y is roughly one, resulting in a relation between wind speed and skewed set-up that can be represented by a (nearly) straight line. If a data set selected on set-up heights is used, the curvature of the path is higher and provides high set-up levels. As a result also the difference of these set-up levels strongly varies with different thresholds. In general the extrapolation with data selected by set-up provides more trustworthy results.
The asymptotical dependence is best at location with deep water (K13 and Eur), using average wind speeds. This is in line with what was expected, as at the other location shallow water processes influence the water level more than at deeper water. Due to a decrease in size of the data set, results with higher thresholds are more difficult to evaluate regarding asymptotic dependence.   
The analysis continues with 4 phases:

Phase 1: - perfect physics (no model uncertainty) with fictitious basin
marginal distributions from physics

Phase 2: - perfect physics (no model uncertainty) with fictitious basin
fitted marginal distributions

Phase 3: - non-perfect physics (with model uncertainty) with fict. basin
fitted marginal distributions

Phase 4: - WAQUA physics (no model uncertainty) with North Sea basin

fitted marginal distributions

The physics in phase 1 to 3 are given by the models of Weenink (1958) for wind setup and the models of Sverdrupp en Munk (1947) and Bretschneider (1952, 1958) for significant wave height. The fictitious basin is as is modelled in Fig. 4.
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Figure 4. The fictitious basin
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Results of the first phase are presented in Fig. 5a. The result of the extrapolation method varies around the exact solution, but is satisfactory. Variations around the exact solution can be explained by the way in which the extrapolation method works. With ( increasing more data points shift into the area of failure. Every time a new point comes into the failure area the probability of failure increases. The correction factor, e-( , decreases at the same moment. Combination of these two effects leads to an estimate of the probability of failure that varies around the exact solution. If all points are in the area of failure the estimate of the probability of failure equals the correction factor. In the figure this happens when ( exceeds 9. Results of the second and third phase are presented in Figures 5b and 5c. Model uncertainty is added by a normal distributed variable with zero bias and standard deviation 0.26 m for the water level and 0.77 m for the wave height.

Fig. 5a. Failure probabilities as a function of (, in the first phase (station Huibertgat)
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Fig. 5b and 5c. Failure probabilities as a function of (, in the second and third phases (station Huibertgat)
Reproduction of the exact solution, as was the case in phase 1, appears to be impossible in phases 2 and 3.
6. WAQUA model runs with a manipulated 1953 storm
An approach to test the validity of extrapolations as carried out with the statistical method is to use a model that physically describes the relation between the variables of interest. These models are usually calibrated by using observations, which means that it still remains unsure whether the model provides correct answers during extreme circumstances as this usually is beyond the range of observations. Due to the limited amount of time available for this study in all model runs a Charnock drag relation is used. It would of course be better to also look at other relations. 
Wind and pressure fields of the 1953 storm are used in this study, as this storm has caused the highest water levels along the Dutch coast (at some locations) and detailed wind data of this period are available. The depression track of this storm combined with the slow movement of this depression has led to very high water levels. This track and movement can be described as very unfavourably compared to other severe storms that are known. For this reason the 1953 storm is used as the water levels during this period are closest to extreme circumstances.

In this study only one storm is used, although using different (type of) storms would be prefered. As the main purpose of these model runs is to determine the relation between wind speed and set-up and the asymptotical dependence between these variables, the number of simulated storms is limited to one type. 
Another method would be to schematise depression fields and parameterization of physical variables which is studied in the report of the Delta Committee (1960). With such methods however a certain amount of knowledge of meteorology of storm systems in the North Sea region is required. This is beyond the scope of this study and is not elaborated here.
The 1953 storm is manipulated by increasing the intensity, duration and phase of the storm, in order to create extreme circumstances. These wind fields cover the area that is used in the Dutch Continental Shelf Model (DCSM) and are available every three hours. The area that is covered is shown in Figure 6. A graphical representation of a spatially varying wind and pressure field is shown in Figure 7. 
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Figure 6. Area covered by DCSM. 











































Figure 7. Graphical representation of wind and pressure 




















































































































































































































































field used in WAQUA.

Scaling of intensity of the storm simply means the wind speed and sea level pressure is scaled with a certain factor. Scaling of the duration of a storm has the consequence that the peak of a storm changes, compared to the original situation. By varying the phase of the storm the influence of this phase shift can be examined, but also the peak of a storm that causes the highest water level in the original (non-scaled) situated is varied in time. This way situations with different storm durations can be compared. The phase shifts are multiples of two hours, so for every situation with changing duration of a storm, 6 runs are performed which approximately covers a tidal cycle. With the choice to change the storm phase with a time span of two hours a compromise is found between the number of runs needed for every change in duration and the accuracy of the influence of the phase shifts. There is a difference in a phase shift some time forward or backwards. This difference is assumed not to be significant and therefore only time shifts in one direction are examined. 

The case in which the intensity is not scaled is taken as a reference situation. The duration and phase shifts are varied for this situation, where the duration is multiplied by a factor 1.0 (reference), 1.33, 1.67 and 2.00. The phase shifts are 0 (reference), 2, 4, 6, 8, and 10 hours. These variations for duration and phase are also applied with storms which intensity is multiplied by factor 1.3 and 1.5. Besides these manipulations some wind fields are scaled without varying durations or phase. The multiplication factors are 1.1, 1.2, 1.7 and 2.0, but also less intense storms are examined. This way the relation between wind speed and set-up can be studied under both extreme as more frequently occurring circumstances. If this relation would differ for these circumstances, extrapolation as done with the investigated method would not provide correct results, as apparently different relations exist. Lower scaling factor that are used are 0.5, 0.6, 0.7 and 0.8. An overview of these model runs is given in Table 1.

Table 1.  Overview manipulated storm fields and WAQUA runs
	Scaling factors used in storm manipulation

	Multiplication factor intensity (i)
	Multiplication factor duration (D)
	Phase shift

(ph)

	0.5
	1
	0 hours

	0.6
	1
	0 hours

	0.7
	1
	0 hours

	0.8
	1
	0 hours

	1.0
	1, 1.33, 1.66, 2.00
	0, 2, 4, 6, 8, 10 hours

	1.1
	1
	0 hours

	1.2
	1
	0 hours

	1.3
	1, 1.33, 1.66, 2.00
	0, 2, 4, 6, 8, 10 hours

	1.5
	1, 1.33, 1.66, 2.00
	0, 2, 4, 6, 8, 10 hours

	1.7
	1
	0 hours

	2.0
	1
	0 hours


In order to determine (skewed) set-up with these wind fields, first a run is performed without any wind influences. The water levels in these situations are only generated by astronomical tide. Adding wind and pressure influences result in variations of the water level in the basis, which results in positive or negative set-up. This way the skewed set-up is determined.

The results of the simulations in WAQUA are plotted in graphs for all locations. The distinction between average and maximum wind speed is maintained. In Figure 8 an example of the graph with WAQUA results is shown for location Hoek van Holland (HvH). At other locations similar result are found, as reported by Van Haaren, 2005.
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Figure 8. Example WAQUA results at HvH with manipulated wind field of 1953 storm. i = multiplication factor storm intensity. D = scale factor duration. 
In this graph all results at one location and type of wind speed are plotted. In the left hand legend the multiplication factor for the storm duration is shown. In cases where the multiplication factor concerning storm intensity (= i) equals 1.0, 1.3 and 1.5, storm durations are varied. These three areas are roughly indicated by brackets (‘}’). The results in these areas show varying circumstances regarding storm durations (= D) and phase shifts (= ph). 24 dots (4 durations * 6 phase shifts) are plotted for each of these three cases. The solid squares in the graph represent cases in which the intensity is scaled, but all of the other variables are unchanged.

Examining all model runs for all four locations it appears that increasing storm intensity has the most effect of set-up, the influence of varying storm duration and phase shifts on the water level in the North Sea can be considered as secondary effects. 

The conclusion based on the model runs in this paper is that the relation between wind speed and set-up can be approximated by a power law at all four locations and the fit is remarkably well. At extreme wind speeds the relation between wind speed and set-up holds, which means that the relation that one finds when only observations with low wind speeds are available can be extrapolated based on these observations and extreme values will be estimated well. An example is shown in Figure 9. The relation between wind speed and skewed set-up is plotted in graphs along with relations that are found by applying  the extrapolation method. Predominantly the line that represents the relation of wind speed and set-up during the 1953 storm(s) lies above the lines found with the extrapolation method. This could be expected as the conditions of the 1953 storm were such that extreme high water levels occurred. The relations with the extrapolation method however lie between this extreme case and a relation that would be found by simply fitting a curve based on a least square method through all observations. A data set with observations based on set-up values provides better results compared to wind speed selected data.
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Figure 9. Relations between 12 hourly averaged wind speed and skewed set-up. Model runs (thick lines) and paths (thin lines) with the extrapolation method.
7. Conclusions and recommendations
The main purpose in this paper was to examine the relation between wind speed, wave height and set-up in situations that occur or are expected to be able to occur at the North Sea, resulting in extreme hydraulic conditions along the Dutch coast.
The investigated extrapolation method works well in phase 1 of the analysis, but results in under estimations in phases 2 to 4.  
Based on model runs with WAQUA the relation between average or maximum wind speed and skewed set-up at four locations situated along the Dutch coast is not different for circumstances with extreme wind speeds, compared to circumstances that are observed between 1979 and 2001. The relation between wind speed and skewed set-up can be adequately approximated by a power law function for all locations and types of wind speed (average or maximum).

Looking at the relation between wind speed and set-up in the case studied in this paper, one can conclude that asymptotical dependence between these variables holds under extreme circumstances. 

Based on the results of this study the following recommendations are made. 

· Using more storms and checking the relation between wind speed and set-up in these cases can give some insight in the variance of set-up in relation with wind speeds or other variables of concern when determining hydraulic boundary conditions.

· More knowledge of storm depression modelling and prediction of pressure fields would improve the prediction of water level fluctuation along the Dutch coast. The meteorological circumstances together with tidal forces primarily cause water level fluctuations in the North Sea. If these circumstances are better known determination of normative water levels can be based on physical grounds, which in general provides a better basis. 

· By parameterization of depression fields variations in these fields can be studied better and influence of the parameterized variables can be assessed. If it is possible to determine the probability of occurrence of these variables, normative water levels can be determined. This would be prefered above the procedure in this study, as this way the meteorological circumstances are used to determine water level and therefore a physical basis would be used in this process, as also promoted by Vrijling and Bruinsma (1980).
· Testing with a fictional data set could determine the influence of the way the scatter changes when applying the extrapolation method. By using fictional data sets in which the marginal wind speed frequency distribution and relation between wind speed and set-up is set and the scatter around this relation is known/modelled, the results with the extrapolation method can be evaluated as shown in this paper. Similar experiments can be performed to investigate the influence of the transformed data sets after extrapolation if wind speed and skewed set-up are considered. 
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Grafiek HvH gem

		21.980489		27.572639		19.085851		38.575162

		36.002183		23.896287		38.753957		25.021923

		23.737901		36.569433		28.77434		19.239644

		30.748528		18.575844		24.937761		28.895419

		27.260469		26.553691		25.42113		28.847482

		18.317074		23.013199		22.935168		24.733484

		20.148781		21.921482		22.188794		23.629783

		17.39715		22.452418		21.401677		22.999096

		16.965764		20.044018		23.487019		25.260809

		15.569906		25.579169		28.192084		25.167332

		25.836893		26.132025		26.554619		28.895419

		25.836893		26.262563		29.211032		28.979308

		27.001637		27.135947		28.77434		28.931371

		27.561336		29.514425		29.332073		29.03923

		14.519136		19.676284		18.006294		18.783185

		19.002876		15.219526		17.460508		18.05547

		26.613389		16.463657		16.818915		17.388397
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		22.391974		17.605418		19.554715		19.359486
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		14.653659
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modresult_hvh

		1666666.7		713351.13		21.980489		24.966837		4.7919943		1.2		1		0		0.16666667

		25000000		713351.1		36.002183		41.611395		16.222284		2		1		0		2.5

		30000000		713351.13		23.737901		27.047407		5.7475846		1.3		1		0		3

		26666667		713351.11		30.748528		35.369686		10.840966		1.7		1		0		2.6666667

		28333333		713351.12		27.260469		31.208546		8.0198538		1.5		1		0		2.8333333

		1666666.7		713351.13		18.317074		20.805697		3.1764724		1		1		0		0.16666667

		1666666.7		713351.13		20.148781		22.886267		3.9412606		1.1		1		0		0.16666667

		13333333		713351.14		17.39715		20.805697		3.3080471		1		1		2		1.3333333

		5000000		713351.19		16.965764		20.805697		2.9880307		1		1		4		0.5

		3333333.3		713351.14		15.569906		20.230454		2.5211644		1		1		6		0.33333333

		10000000		713351.21		25.836893		31.208546		8.2062705		1.5		1		4		1

		10000000		713351.29		25.836893		31.208546		7.533685		1.5		1		6		1

		25000000		713351.44		27.001637		31.208546		7.0741962		1.5		1		8		2.5

		3333333.3		713351.56		27.561336		31.208546		7.0786308		1.5		1		10		0.33333333

		15000000		713351.15		14.519136		20.230454		2.3357735		1		1		8		1.5

		21666667		713351.63		19.002876		20.805697		2.526924		1		1		10		2.1666667

		20000000		713351.17		26.613389		31.208546		8.277447		1.5		1		2		2

		20000000		713351.17		23.064937		27.047407		5.9699008		1.3		1		2		2

		10000000		713351.21		22.391974		27.047407		5.867161		1.3		1		4		1

		30000000		713351.25		21.719011		26.29959		5.0568817		1.3		1		6		3

		20000000		713351.17		19.268622		26.29959		4.6401589		1.3		1		8		2

		15000000		713351.6		24.406558		27.047407		4.713365		1.3		1		10		1.5

		30000000		713351.13		9.1299618		10.402849		0.64569664		0.5		1		0		3

		30000000		713351.13		12.781947		14.563988		1.3967071		0.7		1		0		3

		30000000		713351.13		10.955954		12.483418		0.98037457		0.6		1		0		3

		1666666.7		713351.13		14.653659		16.644558		1.9026887		0.8		1		0		0.16666667

		16666667		713353.15		27.572639		31.208546		8.1470962		1.5		1.33		0		1.6666667

		16666667		713353.15		23.896287		27.047407		5.6628804		1.3		1.33		0		1.6666667

		15000000		713353.15		36.569433		41.611395		17.390598		2		1.33		0		1.5

		20000000		713353.17		18.575844		20.805697		3.0490685		1		1.33		0		2

		5000000		713353.19		26.553691		31.208546		8.469955		1.5		1.33		2		0.5

		5000000		713353.19		23.013199		27.047407		6.0603204		1.3		1.33		2		0.5

		21666667		713353.26		21.921482		26.29959		5.5089045		1.3		1.33		6		2.1666667

		35166667		713353.23		22.452418		26.29959		5.9886274		1.3		1.33		4		3.5166667

		26666667		713353.19		20.044018		26.29959		4.9249034		1.3		1.33		8		2.6666667

		3333333.3		713353.68		25.579169		27.047407		5.1008995		1.3		1.33		10		0.33333333

		40166667		713353.25		26.132025		30.345681		8.351644		1.5		1.33		4		4.0166667

		1666666.7		713353.34		26.262563		31.208546		7.8269286		1.5		1.33		6		0.16666667

		11666667		713353.47		27.135947		31.208546		7.5120189		1.5		1.33		8		1.1666667

		3333333.3		713353.68		29.514425		31.208546		7.6034324		1.5		1.33		10		0.33333333

		3333333.3		713353.68		19.676284		20.805697		2.593627		1		1.33		10		0.33333333

		23333333		713353.18		15.219526		20.230454		2.607192		1		1.33		8		2.3333333

		8333333.3		713353.2		16.463657		20.230454		2.7997119		1		1.33		6		0.83333333

		30166667		713353.21		17.120832		20.230454		3.1826572		1		1.33		4		3.0166667

		3333333.3		713353.18		17.605418		20.805697		3.3118596		1		1.33		2		0.33333333

		13333333		713355.22		19.085851		20.805697		2.9657605		1		1.67		0		1.3333333

		18333333		713355.24		38.753957		41.611395		18.68633		2		1.67		0		1.8333333

		15000000		713355.23		28.77434		31.208546		8.4878728		1.5		1.67		0		1.5

		15000000		713355.23		24.937761		27.047407		5.7681777		1.3		1.67		0		1.5

		36833333		713355.74		25.42113		27.047407		5.4869171		1.3		1.67		10		3.6833333

		31666667		713355.26		22.935168		26.29959		5.7147033		1.3		1.67		4		3.1666667

		15000000		713355.27		22.188794		26.29959		5.5657384		1.3		1.67		6		1.5

		46666667		713355.28		21.401677		26.29959		5.3016751		1.3		1.67		8		4.6666667

		43333333		713355.22		23.487019		26.29959		5.6832578		1.3		1.67		2		4.3333333

		8333333.3		713355.28		28.192084		31.208546		8.3676975		1.5		1.67		2		0.83333333

		33333333		713355.26		26.554619		30.345681		8.123697		1.5		1.67		4		3.3333333

		20000000		713355.5		29.211032		31.208546		7.9437753		1.5		1.67		6		2

		15000000		713355.56		28.77434		31.208546		7.9766227		1.5		1.67		8		1.5

		36833333		713355.74		29.332073		31.208546		8.190426		1.5		1.67		10		3.6833333

		41666667		713355.22		18.006294		20.230454		3.0498555		1		1.67		2		4.1666667

		26666667		713355.24		17.460508		20.230454		3.0808647		1		1.67		4		2.6666667

		6666666.7		713355.24		16.818915		20.230454		2.9559352		1		1.67		6		0.66666667

		36666667		713355.24		15.993102		20.230454		2.7653546		1		1.67		8		3.6666667

		36833333		713355.74		19.554715		20.805697		2.7547983		1		1.67		10		3.6833333

		16666667		713357.32		38.575162		41.611395		19.577781		2		2		0		1.6666667

		8333333.3		713357.28		25.021923		27.047407		5.9312967		1.3		2		0		0.83333333

		6666666.7		713357.28		19.239644		20.805697		2.9812757		1		2		0		0.66666667

		11666667		713357.3		28.895419		31.208546		8.7795204		1.5		2		0		1.1666667

		5000000		713357.35		28.847482		31.208546		8.6405824		1.5		2		2		0.5

		55000000		713357.31		24.733484		26.29959		5.8090872		1.3		2		2		5.5

		31666667		713357.3		23.629783		26.29959		5.6579546		1.3		2		4		3.1666667

		18333333		713357.33		22.999096		26.29959		5.5498875		1.3		2		6		1.8333333

		46666667		713357.78		25.260809		27.047407		5.5772748		1.3		2		8		4.6666667

		31666667		713357.8		25.167332		27.047407		5.7599015		1.3		2		10		3.1666667

		11666667		713357.47		28.895419		31.208546		8.5227808		1.5		2		4		1.1666667

		23333333		713357.6		28.979308		31.208546		8.5201101		1.5		2		6		2.3333333

		16666667		713357.65		28.931371		31.208546		8.5158501		1.5		2		8		1.6666667

		31666667		713357.8		29.03923		31.208546		8.6135769		1.5		2		10		3.1666667

		48333333		713357.28		18.783185		20.230454		2.9455723		1		2		2		4.8333333

		28333333		713357.28		18.05547		20.230454		3.0011462		1		2		4		2.8333333

		10000000		713357.29		17.388397		20.230454		3.0109156		1		2		6		1

		53333333		713357.31		16.711388		20.230454		2.9218873		1		2		8		5.3333333

		31666667		713357.8		19.359486		20.805697		2.807621		1		2		10		3.1666667
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