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Abstract:  The behavior of rainfall-runoff systems in terms of the Curve Number method is described, including findings that have become apparent and/or appreciated since the original development in the mid-1950s; not all of which are shown in current versions of the primary reference, NEH-4.  These include the following:  different modes of application of the method; basic general patterns of rainfall-runoff at variance with the CN equation; sensitivity information; the basic intractability of the method with infiltration-based systems; limitations in the role of prior rainfall; difficulties in the hydrologic descriptions of soils; CN variation with season and land use; and wide spread application to continuous models as a soil moisture budgeting device.

Introduction

The Natural Resources Conservation Service (NRCS) and the Agricultural Research Service (ARS), both agencies of the U.S. Department of Agriculture formed a joint work group in 1990 to assess the state of the Curve Number method and to chart it’s future development.  The need for the work group resulted from questions and concerns about the method, its unique role in applied hydrology, and how it was being used and the recognition of the need to provide guidance for reanalysis and clarification of the procedure (Woodward 1991).  A number of goals and objectives were developed including:  reevaluating the procedure, improving the documentation, updating the primary reference document (NEH-4), developing a data base, standardizing the procedure for developing curve numbers from data, etc.  

It became apparent that much of the difficulty surrounding the procedure was attributable to the presentation in the National Engineering Handbook (NEH-4).  Thus an early task was to rewrite those portions of the NEH-4 pertaining to the procedure.  Problems identified ranged from incorrect and misleading statements to incomplete documentation.  For example it was incorrectly stated that S includes Ia, whereas it can be easily shown mathematically that S does not include Ia.  Fortunately this is only significant for continuous simulation.  Another example was Table 4-1 that related 5-day antecedent rainfall to antecedent moisture condition (AMC) for a local situation.  This was not intended to have nationwide application, though it was widely treated as such.  Several “Folklore” beliefs concerning Curve Numbers could also be attributed to problems with documentation.  An example of such is that the Curve Number Runoff Equation is an infiltration equation.

In rewriting the Curve Number portions of NEH-4, the work group agreed that they must agree with concepts expressed, references will be included and the result must be technically defensible.  The results of the updating include such items as:

1) Reference to Antecedent Moisture Condition (AMC) was removed and the terminology changed to Antecedent Runoff Condition (ARC).  Variability of the curve numbers and event runoff is incorporated by considering the curve number as a random variable and the ARC-I and ARC-III conditions as bounds on the distribution. 

2) Reiteration of desirability of locally determined curve numbers was made.  Although this was part of the original documentation in NEH-4, local calibration has been seldom pursued.

3) Explicit expression of Curve Number runoff equation was made as a transformation of rainfall frequency distribution to runoff frequency distribution.  This too was demonstrated in the original documentation. 

4) Expression of ARC-I and ARC-III as measures of dispersion about the central tendency (ARC II).  This is a corollary of treating the CN as a random variable.  

5) Mathematical proof and demonstration that S does not include Ia.    

6) The chapters are posted on the World Wide Web as approved. http://www.wcc.nrcs.usda.gov/water/quality/wst.html

As the work progressed several other areas of need became evident. These were 1) to reconsider the hydrologic soils classifications recognizing the vastly expanded database available today and the capabilities of modern computers, 2) to reevaluate the use of Ia = 0.2S, and 3) to reconsider the tables of curve numbers in terms of the expanded rainfall-runoff database available (Agricultural Research Service 1995). There was also considerable concern about the possibility of regional and seasonal variation of curve numbers (Hjelmfelt et al 2001).  
Ordered Pairs and Asymptotes

One of the goals of the work group was to standardize the procedure for calculating a curve number for a watershed from rainfall-runoff data.  The accepted handbook method was to plot the annual series of rainfall-runoff on a scatter diagram and select the curve number that best fit the data. This method doesn’t make use of the many storms that were not the largest annual events.

The runoff curve number equation is often used to transform a rainfall frequency distribution into a runoff frequency distribution.  That is, for example, the 100-year rainfall is used to determine the 100-year runoff, etc.  This practice, called frequency matching leads to the idea of ordered pairs (Hjelmfelt 1980).  Hawkins (1993) followed this idea by sorting the rainfall and runoff depths separately and re-aligning them on a rank order basis creating new sets of rainfall-runoff pairs.  These might be thought of as having equal return periods with the individual runoffs not necessarily associated with the original causative rainfall.

Using all the storms in the data set, Hawkins then calculated the curve number for each of the ordered pairs and plotted them against rainfall.  Curve number was found to vary with storm depth, but  - for most cases – approaches a constant value at higher rainfalls. The curves that result from these plots were then fitted with asymptotic equations to approach this constant CN.  The limiting CN that is approached as rainfall approaches infinity is taken as the best fit curve number for the watershed.  The procedure is best illustrated by the figures in the following section.

This method of determining a watershed curve number has the advantage of being mathematical and therefore programmable.  The results are mostly influenced by the largest events, which is in keeping with the usual intended applications, but all of the data is used.  Additionally, the decrease in scatter results in illustrative graphics which are descriptive of the watershed behavior and therefore a valuable tool for analysis.  This method appears to give results consistent with the present procedures and CN tables  in NEH-4.  The curve number work group has adopted this procedure to determine curve numbers from local data in the future.

Behavior of Rainfall-Runoff Systems

The plots described above show several types of CN “behavior”.  These have been defined by Hawkins (1993) as Complacent, Standard and Violent.  The Standard behavior fits the curve number model best; the Violent less so, and the Complacent not at all.  

Standard behavior is the most common scenario.  The observed CN declines with increasing storm size and then approaches a near constant value with increasingly larger storms.  An example of this behavior is shown in Figure 1.  About 70% of all watersheds evaluated showed this pattern (Hawkins, 1993).  The process of computing CN for small events biases the CN toward high values.  This is because CN can be computed only if direct runoff occurs.  If the event CN is low, and the event initial abstraction (Ia) is high, no runoff occurs and CN cannot be computed.  Only high CNs can be detected with low rainfalls.   The plot of CN vs. rainfall displays this bias and the storm magnitude at which the bias becomes insignificant.
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Figure 1.  Standard behavior. The asymptotic CN for this example is about 68.

Complacent behavior is defined when the observed CN declines with increasing rainfall and there is no appreciable tendency to achieve a stable value.  Curve numbers cannot be safely determined from data that exhibit this pattern.  The behavior indicates a partial source area situation where the source area fraction may be quite small.  An example of this behavior is shown in Figure 2.  There is no easy way of telling if and at what rainfall that the source area or the curve number may change or violent behavior may occur.
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Figure 2.  Complacent Behavior. No constant CN is determined for this data.


[image: image3.wmf] Berea 6, Kentucky  1969-1976

70

76

82

88

94

100

0.0

1.6

3.2

4.8

6.4

8.0

Rainfall - Inches

Runoff Curve Number


Figure 3.  Violent Behavior. The asymptotic CN for this example is about 93.
Violent behavior is seen where the observed CN rises suddenly and asymptotically approaches an apparent constant value.  This is often accompanied by complacent behavior at lower rainfalls.  From a source process standpoint, this could be a threshold process at some critical rainfall depth value.  At rainfall above the threshold a high fraction of the rainfall becomes runoff.  An example of Violent behavior is shown in Figure 3.   For this example the threshold rainfall is about 0.80 inches.

Modes of Application of the CN Method

The work group recognized three distinctly different modes of application for curve numbers:  1) Determination of runoff volume of a given return period, given total event rainfall for that return period.  2) Determine the direct runoff for individual events.  This acknowledges the variation between events and is the basis for the development.  3) Process models, an inferred application as an infiltration model, or a soil moisture-CN relationship, or as a source area distribution.

The first application, already discussed, is the most widely used in engineering and uses the curve number to transform the rainfall frequency distribution into a runoff frequency distribution.  It was the reason for the development of the model.  The runoff volume that is computed is often overlooked and the peak discharge, which is more frequently the desired value, calculated with a unit hydrograph model and used directly. 

The second application, runoff from individual rainfall events, is the basis for the original development, the P vs. Q plots which led to the curve number concept.  There is a wide variation of runoff from rainfalls of the same magnitude which forces us to acknowledge that CN varies between storms for a side range of reasons.  The original handbook – developed in large part for conditions in the humid east, south, and mid-west - designated  “Antecedent Moisture Condition” or AMC as the most significant variable in explaining this.  Average condition moisture was called AMC II and applied to the curve number when flooding occurs.  Dry conditions (AMC I) applied to the low curve number, and wet conditions (AMC III) applied to the high curve number.  This condition is most often determined by prior rainfall since soil moisture conditions are not frequently monitored.  

The work group studied the effect of soil moisture on curve number by looking at infiltrometer studies (Van Mullem 1992).  Four studies with 162 data pairs on 86 different soils from across the U.S. were used.  Although average CN increased from 9% to 40% between the studies from the initial (dry to average condition) test to the wet condition test, no significant relationship was found between soil moisture and CN.  The study indicated that the difference in CN that might be related to soil moisture is much less than the variation between ARC I and ARC III.  Similarly, Hawkins and Cate (1998) showed for 25 agricultural watersheds that 5-day prior rainfall (AMC5) was the only consistent factor in explaining deviations from the central trend of runoff, but in only in 11 of the 25 cases studied, and at levels far below handbook expectations.

Because prior rainfall explains only part of the variation of CN the terminology has been changed to “Antecedent Runoff Condition” or ARC.  More importantly, the ARC I and ARC III conditions have been shown to be the bounds on the distribution of CN.  Figure 4 shows the ARC I, II, and III curve numbers plotted on a rainfall-runoff scatter diagram.  Figure 5 shows that the ARC I is the 10% exceedance and ARC III is the 90% exceedance for a number of agricultural watersheds (Hjelmfelt et al 1981).
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Figure 4.  Rainfall-Runoff scatter diagram showing ARC I, II, and III CN.

[image: image6.png]CURVE NUMBERS FOR 10% AND 90%

OR FOR SCS-AMCI OR llI

100 T T T T I T T
v 90%
™ 0 10%
80 B
SCS-AMC Il 4
60 N
40+ ]
i SCS-AMCI b
20 .
-0 1 1 1 1 [ ! Lo 1 1
(0] 20 40 60 80 100

CURVE NUMBER FOR 50% AND AMC I




Figure 5.  The 10% and 90% exceedance values compared to the ARC I and ARC III curve numbers.

It might be inferred that the curve number model is an infiltration model because in its application it is used to determine runoff incrementally over the duration of the storm for input into a unit hydrograph model.  With this use it becomes a surrogate for an infiltration model and this has created much confusion.  The model doesn’t behave like most infiltration models/equations because the CN losses don’t always decline with time or with prior rainfall but may increase when the rain intensity increases (Hawkins 1980).  The CN model behavior in this regard is the same as from a partial area saturation model.  Also the ultimate steady state rate is zero, it does not approach a steady-state non-zero infiltration rate with time, as do (say) the Horton or Green-Ampt Equations. There doesn’t seem to be any consensus as to whether this is the way watershed losses occur. However, the model performs as originally intended, i.e., as an integrator of all the losses from all processes over the watershed.  It should be emphasized that the CN model is not a point infiltration model and the difference between rainfall and runoff is better defined as watershed “losses.”  Watershed indices – such as the curve number – are lumped expressions of net basin performance.

It is also sometimes inferred that the parameter S, defined as the potential maximum retention, is a physical property of the site like a soil moisture storage parameter, and the water in it can be accounted for.  This is has not been shown with any certainty.  The parameter S (or CN) is a model variable and is only a constant for a particular storm.  Although it is related to soil and cover characteristics, it is not an identifiable physical property.

Hydrologic Soil Groups

There has been a vast increase in basic soils property data since Musgrave first proposed the concept of hydrologic soil groups in Handbook of Agriculture (USDA 1955).  The data is now available in an electronic database.  Modern tools of data mining were explored for analysis of this mass of data.  Both neural networks and fuzzy sets were tried with fuzzy sets being adopted.  Soil Hydrologic Groups are assigned to soil series and phase of series by soil scientists based upon their interpretation of the published criteria.  The soil scientist’s interpretation of the published criteria has varied across time and between states or regions.  Thus, the hydrologic group criteria are not applied consistently across the United States.  This is most evident in the comparison of soils with similar soil hydrologic and physical properties and dissimilar hydrologic group placement.

The Hydrologic Soil Groups are A, B, C, D, and dual groups A/D, B/D and C/D.  Soils in hydrologic group A have low runoff potential.  Soils that have a moderate rate of infiltration when thoroughly wet are in hydrologic group B.   Hydrologic group C soils that have a slow rate of infiltration rate when thoroughly wet.  Soils in hydrologic group D have a high runoff potential.  Dual Hydrologic Soil Groups (A/D, B/D, and C/D) are given for certain wet soils that could be adequately drained.  The first letter applies to the drained and the second to the undrained condition.  Soils are assigned to dual groups if the shallow depth to a permanent water table is the sole criteria for assigning a soil to hydrologic group D.

A model or rule based automated system that provides for objective placement of soils into Hydrologic Soil Groups was developed.  The fuzzy system model for assigning soils to hydrologic soil groups is based on the published hydrologic group assumptions and criteria.  The soil surface is taken to be bare and the soil is not permanently frozen.  The soil physical and hydrologic characteristic which make up the hydrologic grouping criteria are the depth to permanent water, depth to a restrictive layer, minimum saturated hydraulic conductivity in the soil’s upper 100 cm, and the soil’s texture.

The model was applied to 1828 unique soils using data from Kansas, South Dakota, Missouri, Iowa, Wyoming, and Colorado and the correlation between these soils’ assigned and modeled hydrologic grouping was analyzed.  Table1 shows a detailed comparison by Hydrologic Soil Group between the currently assigned HSG and the modeled HSG.  The correlation between the assigned and modeled HSG A and HSG D soils is higher than the correlation between the assigned and modeled HSG B and HSG C soils.  There are several reasons for the poorer correlation between the assigned and modeled groups B and C.  The first is that of the boundary condition that occurs when a soil has properties that do not fit entirely into a single hydrologic group.  In this case, the soil scientist may have placed the soil into one HSG while the model placed the soil into an adjacent group.  Groups B and C are the most prone to this error because 

they are bounded by two groups whereas HSG A and D are only bounded by one group.  Another source of correlation inconsistency is that the assigned HSG may be relatively correct but the data in the database may not support the corresponding HSG determination by the model.  Finally, correlation inconsistencies can be attributed to the fuzzy modeling of the subjective Hydrologic Soil Group criteria (Hjelmfelt et al 2001).

[image: image4.wmf]CURRENT

NUMBER

FUZZY HSG ASSIGNMENT FREQUENCY

HSG

OF SOILS

A

B

C

D

A/D

B/D

C/D

A

155

0.903

0.077

0

0.013

0.006

0

0

B

821

0.248

0.543

0.174

0.024

0.006

0.002

0.001

C

405

0.04

0.247

0.343

0.309

0.002

0.025

0.035

D

404

0.017

0.05

0.054

0.636

0.057

0.104

0.082

A/D

1

0

0

0

0

0

1

0

B/D

29

0.103

0.069

0.069

0

0.103

0.552

0.103

C/D

13

0

0.077

0.077

0.385

0

0.308

0.153


TABLE 1:  Correlation frequency between assigned and fuzzy modeled Hydrologic Soil Group

Variation of CN with Season and Land Use

Curve Numbers were derived from rainfall-runoff data for 15 distinct land uses on 177 small watersheds in the United States (Rietz and Hawkins 2000).  Curve Numbers for each land use on each watershed were calculated using the asymptotic method and evaluated at the local, regional and national scale.  Significant differences at the 5% level were found between the CNs of almost all of the different land uses tested.  Significant differences in CN were also found on grazed and ungrazed paired watersheds, and on watersheds that had undergone land use conversions.

The general magnitudes and rank order of the average land use CNs were in general agreement with expected handbook values.  Meadows almost always produced the lowest CN at both the local and regional level.  Forestland produced the lowest overall average CN at the national level, but also displayed the largest variability.  No significant differences could be determined between curve numbers for pasture and rangeland at the regional scale or between row crops and small grain at any scale.  Where comparable, pastures usually had higher CNs than meadows.  None of these comparisons considered hydrologic soil group or any other soil parameter.

Seasonal variation of CN has also been noted.  It is seen more readily in the more humid settings, and is rare in arid and semi-arid watersheds.  Where evident it follows a pattern with higher CNs in the dormant season when the ground has less cover and is likely to be wetter, and lower CNs during the summer when the ground is dryer and vegetation is in a high growth stage.  Also, the seasonal variation in forest curve numbers may be associated with the leafing stages (Price, 1998).

Application to Continuous Models

The curve number is used in hydrologic models to divide rainfall into storm runoff and associated losses.  The losses are then added to the soil moisture budget in the model.  Rainfall for most of these models is on a daily time-step.  Poor results are often obtained because most storms are small, and the CN model does not work well for small events, forcing the model user to increase CN or to devise some other scheme to increase runoff at certain times of the year.  Most of these models use the soil moisture budget as an index to vary the CN between ARC I and III.  As previously stated the soil moisture should be used to explain only part of this variation.

Most models assume that ARC I is equivalent to wilting point and ARC III is equivalent to field capacity of the soil.  This allows the CN for ARC II to be converted to appropriate daily CN.  There generally is some procedure for frozen ground and snow melt in each model.  However the basic CN technology was not developed for these conditions.

Sensitivity

Over a wide range of rainfall depths, the direct runoff Q calculated by the equation is more sensitive to Curve Number than to rainfall depth P. (Hawkins, 1975).  This is especially true close to the threshold of runoff.  Similarly, hydrograph peaks modeled using CN-derived sequential pulses of rainfall excess are also usually more sensitive to CN than rainfall depth.  (Bondelid et al, 1982) The supporting data situation contrasts this order of importance: rainfall is widely measured, studied, analyzed, and reported, but ground truth for Curve Numbers is rare.
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data

		PORD		QORD				CNORD		CNO		CN(inf)

		0.0000								100.00		0

		0.94		0.011				73.16		68.03

		0.95		0.011				72.93		67.80

		0.98		0.011				72.23		67.11

		1		0.011				71.78		66.67		76.7464681569

		1		0.015				72.61		66.67		76.7464681569

		1		0.015				72.61		66.67		76.7464681569

		1		0.016				72.80		66.67		76.7464681569

		1		0.018				73.16		66.67		76.7464681569

		1		0.023				73.97		66.67		76.7464681569

		1		0.026				74.41		66.67		76.7464681569

		1		0.027				74.55		66.67		76.7464681569

		1.02		0.028				74.24		66.23		77.2927390854

		1.02		0.029				74.38		66.23		77.2927390854

		1.02		0.031				74.64		66.23		77.2927390854

		1.05		0.031				73.97		65.57		78.0766326841

		1.05		0.038				74.82		65.57		78.0766326841

		1.05		0.043				75.38		65.57		78.0766326841

		1.06		0.045				75.37		65.36		78.32879122

		1.1		0.049				74.91		64.52		79.2938381618

		1.1		0.054				75.40		64.52		79.2938381618

		1.1		0.059				75.87		64.52		79.2938381618

		1.1		0.076				77.28		64.52		79.2938381618

		1.1		0.081				77.66		64.52		79.2938381618

		1.11		0.093				78.31		64.31		79.5245831146

		1.13		0.139				80.67		63.90		79.9739663518

		1.13		0.159				81.69		63.90		79.9739663518

		1.14		0.162				81.64		63.69		80.1927462078

		1.15		0.177				82.14		63.49		80.4076771979

		1.15		0.217				83.84		63.49		80.4076771979

		1.17		0.23				83.96		63.09		80.8262622327

		1.2		0.231				83.43		62.50		81.4269277855

		1.2		0.242				83.84		62.50		81.4269277855

		1.2		0.256				84.35		62.50		81.4269277855

		1.2		0.287				85.41		62.50		81.4269277855

		1.24		0.298				85.04		61.73		82.1796458524

		1.25		0.329				85.83		61.54		82.3596224808

		1.25		0.343				86.24		61.54		82.3596224808

		1.25		0.353				86.53		61.54		82.3596224808

		1.25		0.384				87.38		61.54		82.3596224808

		1.3		0.396				86.85		60.61		83.2131117063

		1.3		0.401				86.98		60.61		83.2131117063

		1.3		0.418				87.42		60.61		83.2131117063

		1.32		0.428				87.34		60.24		83.5338562713

		1.35		0.447				87.32		59.70		83.9941216785

		1.45		0.486				86.65		57.97		85.3628012467

		1.45		0.515				87.32		57.97		85.3628012467

		1.47		0.52				87.12		57.64		85.6085746678

		1.47		0.552				87.83		57.64		85.6085746678

		1.48		0.568				88.02		57.47		85.7282281599

		1.5		0.61				88.59		57.14		85.9612571947

		1.51		0.614				88.52		56.98		86.0747061497

		1.55		0.619				88.03		56.34		86.5088915987

		1.56		0.633				88.16		56.18		86.6127063424

		1.6		0.68				88.49		55.56		87.0100202806

		1.65		0.685				87.86		54.79		87.468592558

		1.65		0.75				89.08		54.79		87.468592558

		1.67		0.761				88.99		54.50		87.6409258005

		1.7		0.786				89.02		54.05		87.8882223682

		1.75		0.789				88.38		53.33		88.2722167487

		1.81		0.84				88.44		52.49		88.6902137837

		1.85		1.065				91.46		51.95		88.9451470333

		2.05		1.067				88.96		49.38		89.9804885254

		2.07		1.162				90.12		49.14		90.0652185532

		2.1		1.173				89.90		48.78		90.1868053391

		2.13		1.249				90.61		48.43		90.3020873385

		2.15		1.263				90.56		48.19		90.3756014998

		2.2		1.33				90.86		47.62		90.5483648808

		2.2		1.389				91.64		47.62		90.5483648808

		2.22		1.404				91.60		47.39		90.6132900302

		2.25		1.421				91.47		47.06		90.7064570035

		2.3		1.46				91.39		46.51		90.8511237675

		2.45		1.551				90.83		44.94		91.2154970017

		2.45		1.581				91.20		44.94		91.2154970017

		2.45		1.697				92.59		44.94		91.2154970017

		2.6		1.802				92.19		43.48		91.4947012846

		3.04		1.815				87.52		39.68		91.990822492

		3.15		1.949				87.96		38.83		92.0651686431

		3.45		1.992				85.24		36.70		92.2075312655

		3.55		2.252				87.29		36.04		92.2404588828

		3.62		2.446				88.75		35.59		92.2602671843

		3.7		2.668				90.34		35.09		92.280087587

		4.02		2.963				90.25		33.22		92.3363817853

		5.48		4.922				95.23		26.74		92.4044846315

		6.55		5.403				90.18		23.39		92.4091743667

		8										92.41
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		PORD		QORD				CNORD		CNO		CN(infit)

		0.0000								100.00

		0.046		0.0001				97.97		97.75		97.77

		0.061		0.0001				97.29		97.04		97.07

		0.065		0.0001				97.11		96.85		96.89

		0.076		0.0001				96.62		96.34		96.39

		0.1		0.0001				95.55		95.24		95.34

		0.1		0.0001				95.55		95.24		95.34

		0.1		0.0001				95.55		95.24		95.34

		0.1		0.0001				95.55		95.24		95.34

		0.1		0.0001				95.55		95.24		95.34

		0.131		0.0001				94.20		93.85		94.03

		0.154		0.0001				93.22		92.85		93.11

		0.167		0.0001				92.68		92.29		92.60

		0.19		0.0001				91.72		91.32		91.72

		0.2		0.0001				91.32		90.91		91.35

		0.2		0.0001				91.32		90.91		91.35

		0.2		0.0001				91.32		90.91		91.35

		0.2		0.0001				91.32		90.91		91.35

		0.2		0.0001				91.32		90.91		91.35

		0.249		0.0001				89.36		88.93		89.61

		0.3		0.0001				87.41		86.96		87.93

		0.3		0.0001				87.41		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.3		0.0002				87.60		86.96		87.93

		0.333		0.0002				86.39		85.73		86.91

		0.335		0.0002				86.32		85.65		86.85

		0.382		0.0002				84.64		83.96		85.50

		0.395		0.0002				84.19		83.51		85.14

		0.4		0.0002				84.02		83.33		85.00

		0.4		0.0002				84.02		83.33		85.00

		0.4		0.0003				84.17		83.33		85.00

		0.4		0.0003				84.17		83.33		85.00

		0.4		0.0003				84.17		83.33		85.00

		0.4		0.0004				84.30		83.33		85.00

		0.4		0.0004				84.30		83.33		85.00

		0.4		0.0005				84.41		83.33		85.00

		0.4		0.0005				84.41		83.33		85.00

		0.4		0.0005				84.41		83.33		85.00

		0.4		0.0005				84.41		83.33		85.00

		0.4		0.0006				84.51		83.33		85.00

		0.4		0.0006				84.51		83.33		85.00

		0.4		0.0006				84.51		83.33		85.00

		0.4		0.0006				84.51		83.33		85.00

		0.405		0.0007				84.43		83.16		84.87

		0.459		0.0009				82.80		81.33		83.47

		0.5		0.0011				81.64		80.00		82.49

		0.5		0.0011				81.64		80.00		82.49

		0.5		0.0012				81.71		80.00		82.49

		0.5		0.0012				81.71		80.00		82.49

		0.5		0.0013				81.78		80.00		82.49

		0.5		0.0014				81.85		80.00		82.49

		0.5		0.0014				81.85		80.00		82.49

		0.5		0.0015				81.91		80.00		82.49

		0.5		0.0018				82.09		80.00		82.49

		0.5		0.0018				82.09		80.00		82.49

		0.5		0.0019				82.14		80.00		82.49

		0.5		0.0019				82.14		80.00		82.49

		0.5		0.0019				82.14		80.00		82.49

		0.5		0.002				82.20		80.00		82.49

		0.5		0.002				82.20		80.00		82.49

		0.5		0.0021				82.25		80.00		82.49

		0.5		0.0021				82.25		80.00		82.49

		0.5		0.0023				82.35		80.00		82.49

		0.5		0.0023				82.35		80.00		82.49

		0.5		0.0023				82.35		80.00		82.49

		0.534		0.0025				81.40		78.93		81.73

		0.569		0.0025				80.34		77.85		80.98

		0.6		0.0025				79.42		76.92		80.35

		0.6		0.0026				79.47		76.92		80.35

		0.6		0.0029				79.61		76.92		80.35

		0.6		0.0029				79.61		76.92		80.35

		0.6		0.0029				79.61		76.92		80.35

		0.6		0.0031				79.70		76.92		80.35

		0.6		0.0033				79.78		76.92		80.35

		0.6		0.0033				79.78		76.92		80.35

		0.6		0.0034				79.82		76.92		80.35

		0.6		0.0034				79.82		76.92		80.35

		0.6		0.0037				79.94		76.92		80.35

		0.6		0.0039				80.02		76.92		80.35

		0.6		0.004				80.06		76.92		80.35

		0.6		0.0043				80.17		76.92		80.35

		0.6		0.0044				80.21		76.92		80.35

		0.6		0.0045				80.24		76.92		80.35

		0.6		0.0049				80.38		76.92		80.35

		0.6		0.0053				80.51		76.92		80.35

		0.6		0.0053				80.51		76.92		80.35

		0.6		0.0054				80.55		76.92		80.35

		0.6		0.0056				80.61		76.92		80.35

		0.6		0.0056				80.61		76.92		80.35

		0.6		0.0057				80.64		76.92		80.35

		0.6		0.0058				80.67		76.92		80.35

		0.6		0.006				80.73		76.92		80.35

		0.61		0.0061				80.47		76.63		80.15

		0.639		0.0061				79.65		75.79		79.60

		0.651		0.0065				79.43		75.44		79.37

		0.664		0.0067				79.12		75.08		79.14

		0.688		0.007				78.55		74.40		78.71

		0.7		0.007				78.22		74.07		78.51

		0.7		0.007				78.22		74.07		78.51

		0.7		0.0072				78.28		74.07		78.51

		0.7		0.0074				78.33		74.07		78.51

		0.7		0.0088				78.70		74.07		78.51

		0.7		0.0088				78.70		74.07		78.51

		0.7		0.0088				78.70		74.07		78.51

		0.7		0.0091				78.78		74.07		78.51

		0.7		0.0092				78.80		74.07		78.51

		0.7		0.0093				78.83		74.07		78.51

		0.7		0.0095				78.87		74.07		78.51

		0.7		0.0096				78.90		74.07		78.51

		0.7		0.0104				79.09		74.07		78.51

		0.7		0.0106				79.13		74.07		78.51

		0.7		0.0112				79.27		74.07		78.51

		0.7		0.0122				79.48		74.07		78.51

		0.7		0.0126				79.56		74.07		78.51

		0.7		0.0133				79.71		74.07		78.51

		0.7		0.0137				79.79		74.07		78.51

		0.74		0.0139				78.76		72.99		77.85

		0.787		0.0141				77.58		71.76		77.12

		0.8		0.0151				77.44		71.43		76.93

		0.8		0.0155				77.52		71.43		76.93

		0.8		0.0159				77.59		71.43		76.93

		0.8		0.016				77.61		71.43		76.93

		0.8		0.0172				77.83		71.43		76.93

		0.8		0.0178				77.93		71.43		76.93

		0.8		0.0185				78.05		71.43		76.93

		0.8		0.0189				78.12		71.43		76.93

		0.8		0.019				78.13		71.43		76.93

		0.8		0.0191				78.15		71.43		76.93

		0.8		0.0196				78.23		71.43		76.93

		0.8		0.0197				78.25		71.43		76.93

		0.8		0.0207				78.41		71.43		76.93

		0.8		0.0208				78.43		71.43		76.93

		0.8		0.021				78.46		71.43		76.93

		0.8		0.021				78.46		71.43		76.93

		0.9		0.0212				76.03		68.97		75.58

		0.9		0.0238				76.43		68.97		75.58

		0.9		0.0241				76.47		68.97		75.58

		0.9		0.0243				76.50		68.97		75.58

		0.9		0.0254				76.66		68.97		75.58

		0.9		0.0263				76.79		68.97		75.58

		0.9		0.0267				76.84		68.97		75.58

		0.9		0.0272				76.91		68.97		75.58

		0.9		0.0277				76.98		68.97		75.58

		0.9		0.0298				77.26		68.97		75.58

		0.9		0.0308				77.39		68.97		75.58

		0.9		0.0308				77.39		68.97		75.58

		0.9		0.0311				77.43		68.97		75.58

		1		0.0315				75.15		66.67		74.43

		1		0.0317				75.18		66.67		74.43

		1		0.0321				75.23		66.67		74.43

		1		0.0327				75.31		66.67		74.43

		1		0.0331				75.36		66.67		74.43

		1		0.0337				75.43		66.67		74.43

		1		0.0339				75.46		66.67		74.43

		1.1		0.0354				73.42		64.52		73.44

		1.1		0.0362				73.52		64.52		73.44
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		0.22		0.22		0.22		0.4		0.22

		0.22		0.22		0.22		0.409		0.22

		0.22		0.22		0.22		0.42		0.22

		0.22		0.22		0.22		0.42		0.22

		0.226		0.226		0.226		0.42		0.226

		0.24		0.24		0.24		0.43		0.24

		0.24		0.24		0.24		0.43		0.24

		0.24		0.24		0.24		0.43		0.24

		0.24		0.24		0.24		0.43		0.24

		0.25		0.25		0.25		0.438		0.25

		0.25		0.25		0.25		0.44		0.25

		0.25		0.25		0.25		0.45		0.25

		0.25		0.25		0.25		0.45		0.25

		0.25		0.25		0.25		0.46		0.25

		0.25		0.25		0.25		0.46		0.25

		0.25		0.25		0.25		0.461		0.25

		0.26		0.26		0.26		0.47		0.26

		0.26		0.26		0.26		0.47		0.26

		0.262		0.262		0.262		0.48		0.262

		0.27		0.27		0.27		0.48		0.27

		0.271		0.271		0.271		0.48		0.271

		0.279		0.279		0.279		0.487		0.279

		0.28		0.28		0.28		0.49		0.28

		0.29		0.29		0.29		0.491		0.29

		0.29		0.29		0.29		0.494		0.29

		0.29		0.29		0.29		0.5		0.29

		0.291		0.291		0.291		0.5		0.291

		0.3		0.3		0.3		0.5		0.3

		0.302		0.302		0.302		0.507		0.302

		0.31		0.31		0.31		0.51		0.31

		0.31		0.31		0.31		0.52		0.31

		0.31		0.31		0.31		0.52		0.31

		0.31		0.31		0.31		0.52		0.31

		0.31		0.31		0.31		0.52		0.31

		0.32		0.32		0.32		0.525		0.32

		0.32		0.32		0.32		0.53		0.32

		0.32		0.32		0.32		0.53		0.32

		0.33		0.33		0.33		0.55		0.33

		0.338		0.338		0.338		0.55		0.338

		0.34		0.34		0.34		0.56		0.34

		0.34		0.34		0.34		0.56		0.34

		0.35		0.35		0.35		0.577		0.35

		0.35		0.35		0.35		0.58		0.35

		0.35		0.35		0.35		0.58		0.35

		0.35		0.35		0.35		0.58		0.35

		0.351		0.351		0.351		0.58		0.351

		0.36		0.36		0.36		0.59		0.36

		0.37		0.37		0.37		0.6		0.37

		0.37		0.37		0.37		0.6		0.37

		0.376		0.376		0.376		0.6		0.376

		0.38		0.38		0.38		0.61		0.38

		0.38		0.38		0.38		0.61		0.38

		0.38		0.38		0.38		0.61		0.38

		0.385		0.385		0.385		0.61		0.385

		0.39		0.39		0.39		0.62		0.39

		0.394		0.394		0.394		0.62		0.394

		0.4		0.4		0.4		0.652		0.4

		0.4		0.4		0.4		0.658		0.4

		0.409		0.409		0.409		0.67		0.409

		0.42		0.42		0.42		0.67		0.42

		0.42		0.42		0.42		0.67		0.42

		0.42		0.42		0.42		0.67		0.42

		0.43		0.43		0.43		0.69		0.43

		0.43		0.43		0.43		0.699		0.43

		0.43		0.43		0.43		0.72		0.43

		0.43		0.43		0.43		0.72		0.43

		0.438		0.438		0.438		0.72		0.438

		0.44		0.44		0.44		0.73		0.44

		0.45		0.45		0.45		0.75		0.45

		0.45		0.45		0.45		0.75		0.45

		0.46		0.46		0.46		0.758		0.46

		0.46		0.46		0.46		0.76		0.46

		0.461		0.461		0.461		0.76		0.461

		0.47		0.47		0.47		0.77		0.47

		0.47		0.47		0.47		0.77		0.47

		0.48		0.48		0.48		0.784		0.48

		0.48		0.48		0.48		0.8		0.48

		0.48		0.48		0.48		0.81		0.48

		0.487		0.487		0.487		0.81		0.487

		0.49		0.49		0.49		0.81		0.49

		0.491		0.491		0.491		0.83		0.491

		0.494		0.494		0.494		0.83		0.494

		0.5		0.5		0.5		0.84		0.5

		0.5		0.5		0.5		0.84		0.5

		0.5		0.5		0.5		0.85		0.5

		0.507		0.507		0.507		0.87		0.507

		0.51		0.51		0.51		0.89		0.51

		0.52		0.52		0.52		0.89		0.52

		0.52		0.52		0.52		0.9		0.52

		0.52		0.52		0.52		0.92		0.52

		0.52		0.52		0.52		0.92		0.52

		0.525		0.525		0.525		0.93		0.525

		0.53		0.53		0.53		0.94		0.53

		0.53		0.53		0.53		0.95		0.53

		0.55		0.55		0.55		0.95		0.55

		0.55		0.55		0.55		0.96		0.55

		0.56		0.56		0.56		0.96		0.56

		0.56		0.56		0.56		0.96		0.56

		0.577		0.577		0.577		0.97		0.577

		0.58		0.58		0.58		0.97		0.58

		0.58		0.58		0.58		0.98		0.58

		0.58		0.58		0.58		0.99		0.58

		0.58		0.58		0.58		1		0.58

		0.59		0.59		0.59		1.01		0.59

		0.6		0.6		0.6		1.03		0.6

		0.6		0.6		0.6		1.032		0.6

		0.6		0.6		0.6		1.05		0.6

		0.61		0.61		0.61		1.05		0.61

		0.61		0.61		0.61		1.079		0.61

		0.61		0.61		0.61		1.089		0.61

		0.61		0.61		0.61		1.1		0.61

		0.62		0.62		0.62		1.1		0.62

		0.62		0.62		0.62		1.121		0.62

		0.652		0.652		0.652		1.123		0.652

		0.658		0.658		0.658		1.14		0.658

		0.67		0.67		0.67		1.155		0.67

		0.67		0.67		0.67		1.16		0.67

		0.67		0.67		0.67		1.18		0.67

		0.67		0.67		0.67		1.18		0.67

		0.69		0.69		0.69		1.19		0.69

		0.699		0.699		0.699		1.205		0.699

		0.72		0.72		0.72		1.21		0.72

		0.72		0.72		0.72		1.22		0.72

		0.72		0.72		0.72		1.22		0.72

		0.73		0.73		0.73		1.26		0.73

		0.75		0.75		0.75		1.26		0.75

		0.75		0.75		0.75		1.26		0.75

		0.758		0.758		0.758		1.275		0.758

		0.76		0.76		0.76		1.37		0.76

		0.76		0.76		0.76		1.41		0.76

		0.77		0.77		0.77		1.44		0.77

		0.77		0.77		0.77		1.5		0.77

		0.784		0.784		0.784		1.51		0.784

		0.8		0.8		0.8		1.56		0.8

		0.81		0.81		0.81		1.63		0.81

		0.81		0.81		0.81		1.713		0.81

		0.81		0.81		0.81		1.767		0.81

		0.83		0.83		0.83		1.77		0.83

		0.83		0.83		0.83		1.8		0.83

		0.84		0.84		0.84		1.84		0.84

		0.84		0.84		0.84		1.94		0.84

		0.85		0.85		0.85		2.23		0.85

		0.87		0.87		0.87		2.29		0.87

		0.89		0.89		0.89		2.45		0.89

		0.89		0.89		0.89		2.455		0.89

		0.9		0.9		0.9		2.53		0.9

		0.92		0.92		0.92		2.58		0.92

		0.92		0.92		0.92		2.77		0.92

		0.93		0.93		0.93		3.223		0.93

		0.94		0.94		0.94		3.23		0.94

		0.95		0.95		0.95		3.561		0.95

		0.95		0.95		0.95		4.652		0.95

		0.96		0.96		0.96				0.96

		0.96		0.96		0.96				0.96

		0.96		0.96		0.96				0.96

		0.97		0.97		0.97				0.97

		0.97		0.97		0.97				0.97

		0.98		0.98		0.98				0.98

		0.99		0.99		0.99				0.99

		1		1		1				1

		1.01		1.01		1.01				1.01

		1.03		1.03		1.03				1.03

		1.032		1.032		1.032				1.032

		1.05		1.05		1.05				1.05

		1.05		1.05		1.05				1.05

		1.079		1.079		1.079				1.079

		1.089		1.089		1.089				1.089

		1.1		1.1		1.1				1.1

		1.1		1.1		1.1				1.1

		1.121		1.121		1.121				1.121

		1.123		1.123		1.123				1.123

		1.14		1.14		1.14				1.14

		1.155		1.155		1.155				1.155

		1.16		1.16		1.16				1.16

		1.18		1.18		1.18				1.18

		1.18		1.18		1.18				1.18

		1.19		1.19		1.19				1.19

		1.205		1.205		1.205				1.205

		1.21		1.21		1.21				1.21

		1.22		1.22		1.22				1.22

		1.22		1.22		1.22				1.22

		1.26		1.26		1.26				1.26

		1.26		1.26		1.26				1.26

		1.26		1.26		1.26				1.26

		1.275		1.275		1.275				1.275

		1.37		1.37		1.37				1.37

		1.41		1.41		1.41				1.41

		1.44		1.44		1.44				1.44

		1.5		1.5		1.5				1.5

		1.51		1.51		1.51				1.51

		1.56		1.56		1.56				1.56

		1.63		1.63		1.63				1.63

		1.713		1.713		1.713				1.713

		1.767		1.767		1.767				1.767

		1.77		1.77		1.77				1.77

		1.8		1.8		1.8				1.8

		1.84		1.84		1.84				1.84

		1.94		1.94		1.94				1.94

		2.23		2.23		2.23				2.23

		2.29		2.29		2.29				2.29

		2.45		2.45		2.45				2.45

		2.455		2.455		2.455				2.455

		2.53		2.53		2.53				2.53

		2.58		2.58		2.58				2.58

		2.77		2.77		2.77				2.77

		3.223		3.223		3.223				3.223

		3.23		3.23		3.23				3.23

		3.561		3.561		3.561				3.561

		4.652		4.652		4.652				4.652



Hastings, Nebraska  WS44028 (1941-1954)

CN(II) = 85

CN(III) = 94

CN(I) = 70

1-1 line

Q(P>0.758)

P(in)

Q(in)

0

0.0832264

0.0114344

0.01

0.0074

0.0116701462

0.02

0.0001

0.0116701462

0.02

0.0022

0.0116701462

0.02

0.001

0.0116701462

0.03

0.0294

0.0116701462

0.03

0.0006

0.0116701462

0.035

0.0055

0.0116701462

0.041

0.0009

0.0131281978

0.05

0.0007

0.0168126873

0.05

0.0006

0.0168126873

0.05

0.0013

0.0168126873

0.053

0.001

0.0168126873

0.06

0.0063

0.0196769505

0.06

0.0018

0.0196769505

0.06

0.0025

0.0196769505

0.065

0.012

0.0196769505

0.065

0.0008

0.0196769505

0.07

0.0005

0.0196769505

0.075

0.0341

0.0196769505

0.08

0.0027

0.0227264035

0.09

0.0362

0.0227264035

0.1

0.001

0.0233578841

0.1

0.0062

0.0259539296

0.1

0.0208

0.0262862131

0.1

0.0028

0.029005364

0.101

0.0025

0.0293527719

0.108

0.0015

0.0329165113

0.11

0.0006

0.0329165113

0.11

0.0239

0.0329165113

0.11

0.0012

0.033281717

0.12

0.0377

0.0366390452

0.12

0.0296

0.0374020915

0.122

0.0005

0.0405145686

0.13

0.0126

0.0405145686

0.14

0.0025

0.0405145686

0.14

0.0006

0.0405145686

0.14

0.0024

0.0405145686

0.147

0.0056

0.0445375561

0.15

0.0228

0.0445375561

0.16

0.0019

0.0445375561

0.16

0.0115

0.0487027451

0.166

0.0166

0.0521339032

0.179

0.0004

0.0530051204

0.18

0.002

0.0530051204

0.18

0.0184

0.0574399001

0.18

0.1287

0.0574399001

0.185

0.0248

0.0574399001

0.187

0.0032

0.0574399001

0.19

0.0103

0.0578904828

0.194

0.0003

0.0620025218

0.2

0.0187

0.0666886305

0.2

0.0011

0.0666886305

0.203

0.0017

0.0695578314

0.207

0.0289

0.0714940667

0.209

0.0008

0.0714940667

0.213

0.0433

0.0714940667

0.219

0.0171

0.0083672761

0.0739402836

0.22

0.0119

0.0082157067

0.0764148557

0.22

0.0418

0.0082157067

0.0784146131

0.22

0.0091

0.0082157067

0.0814471971

0.22

0.0494

0.0082157067

0.0814471971

0.22

0.0029

0.0082157067

0.0860686743

0.22

0.0049

0.0082157067

0.0918321538

0.22

0.0542

0.0082157067

0.0918321538

0.226

0.0296

0.0073373414

0.0918321538

0.24

0.0519

0.0054920638

0.0971779593

0.24

0.0986

0.0054920638

0.0971779593

0.24

0.0022

0.0054920638

0.0971779593

0.24

0.0048

0.0054920638

0.0971779593

0.25

0.042

0.0043457519

0.1015252526

0.25

0.045

0.0043457519

0.1026216818

0.25

0.0145

0.0043457519

0.1081602636

0.25

0.0043

0.0043457519

0.1081602636

0.25

0.0022

0.0043457519

0.1137907727

0.25

0.0029

0.0043457519

0.1137907727

0.25

0.0168

0.0043457519

0.1143587703

0.26

0.0199

0.0033395022

0.1195103969

0.26

0.0434

0.0033395022

0.1195103969

0.262

0.0374

0.0031548277

0.1253164375

0.27

0.0512

0.0024706913

0.1253164375

0.271

0.0008

0.0023912703

0.1253164375

0.279

0.0012

0.0018041558

0.129430692

0.28

0.0036

0.0017367607

0.1312063036

0.29

0.0723

0.0011352153

0.1317998039

0.29

0.0579

0.0011352153

0.1335851605

0.29

0.0861

0.0011352153

0.1371775069

0.291

0.0081

0.0010822477

0.1371775069

0.3

0.0084

0.0006636208

0.1371775069

0.302

0.0036

0.000584686

0.1414044609

0.31

0.0337

0.0003196024

0.1432276568

0.31

0.0352

0.0003196024

0.1493544551

0.31

0.0245

0.0003196024

0.1493544551

0.31

0.0056

0.0003196024

0.1493544551

0.31

0.0176

0.0003196024

0.1493544551

0.32

0.0115

0.000100843

0.1524459036

0.32

0.0253

0.000100843

0.1555556923

0.32

0.0053

0.000100843

0.1555556923

0.33

0.0633

0.0000050809

0.1681730612

0.338

0.0573

0.0000155442

0.1681730612

0.34

0.0315

0.0000301088

0.1745851786

0.34

0.0006

0.0000301088

0.1745851786

0.35

0.0015

0.0001737718

0.1856371921

0.35

0.0014

0.0001737718

0.1876067956

0.35

0.0716

0.0001737718

0.1876067956

0.35

0.0002

0.0001737718

0.1876067956

0.351

0.0649

0.0001945816

0.1876067956

0.36

0.0029

0.0004339659

0.1942127086

0.37

0.0648

0.0008086368

0.2008797411

0.37

0.0065

0.0008086368

0.2008797411

0.376

0.1805

0.0010875515

0.2008797411

0.38

0.0831

0.0012957779

0.2076062568

0.38

0.0036

0.0012957779

0.2076062568

0.38

0.0112

0.0012957779

0.2076062568

0.385

0.0511

0.0015809106

0.2076062568

0.39

0.0037

0.0018934294

0.2143906775

0.394

0.0249

0.0021630026

0.2143906775

0.4

0.1704

0.0025996768

0.2364725415

0.4

0.0827

0.0025996768

0.2406733601

0.409

0.0001

0.0033266019

0.249129858

0.42

0.005

0.0043305192

0.249129858

0.42

0.0009

0.0043305192

0.249129858

0.42

0.0034

0.0043305192

0.249129858

0.43

0.1455

0.0053515001

0.2633814262

0.43

0.1487

0.0053515001

0.2698566479

0.43

0.0027

0.0053515001

0.2851091104

0.43

0.083

0.0053515001

0.2851091104

0.438

0.0251

0.0062413501
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0.0014
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0.3449010221

0.48
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0.491
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0.0346153573

1.275
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0.4422168079

0.0697795199

1.5
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0.0990290143

1.63

0.5516
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0.1700248213

1.84
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1.2908795191
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0.6968
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Data

		Date		P(inch)		Q(inch)		P(order)		Q(P(order))		Q(ord)								s		Q(predict)

								0														0.0832264

		4		0.48		0.005		0.01		0.0074		0.0001								1.6645281698				0.332905634

		4		0.11		0.0006		0.02		0.0001		0.0001								0.6382978723

		4		0.34		0.0315		0.02		0.0022		0.0002								4.2857142857

		4		0.207		0.0289		0.02		0.001		0.0003

		4		0.213		0.0433		0.03		0.0294		0.0004

		4		0.03		0.0294		0.03		0.0006		0.0004

		5		0.24		0.0519		0.035		0.0055		0.0005

		5		0.96		0.1853		0.041		0.0009		0.0005

		6		1.41		0.7405		0.05		0.0007		0.0006

		6		0.24		0.0986		0.05		0.0006		0.0006

		6		0.38		0.0831		0.05		0.0013		0.0006

		6		0.226		0.0296		0.053		0.001		0.0006

		6		0.05		0.0007		0.06		0.0063		0.0006

		6		0.58		0.3063		0.06		0.0018		0.0007

		6		0.12		0.0377		0.06		0.0025		0.0008

		6		0.525		0.4014		0.065		0.012		0.0008

		6		0.76		0.3899		0.065		0.0008		0.0008

		6		0.05		0.0006		0.07		0.0005		0.0008

		6		1.56		0.1833		0.075		0.0341		0.0009

		8		0.758		0.0025		0.08		0.0027		0.0009

		8		0.302		0.0036		0.09		0.0362		0.001

		10		0.179		0.0004		0.1		0.001		0.001

		10		0.658		0.0618		0.1		0.0062		0.001

		11		0.56		0.0015		0.1		0.0208		0.0011

		3		0.77		0.0335		0.1		0.0028		0.0012

		4		1.155		0.0147		0.101		0.0025		0.0012

		5		0.62		0.0025		0.108		0.0015		0.0012

		5		0.507		0.0185		0.11		0.0006		0.0013

		6		2.23		0.7679		0.11		0.0239		0.0014

		6		0.1		0.001		0.11		0.0012		0.0014

		6		0.784		0.0866		0.12		0.0377		0.0014

		6		0.22		0.0119		0.12		0.0296		0.0015

		6		0.8		0.1208		0.122		0.0005		0.0015

		6		1.05		0.3223		0.13		0.0126		0.0015

		6		0.43		0.1455		0.14		0.0025		0.0017

		6		0.25		0.042		0.14		0.0006		0.0017

		6		0.47		0.0611		0.14		0.0024		0.0018

		6		0.25		0.045		0.147		0.0056		0.0019

		6		0.06		0.0063		0.15		0.0228		0.0019

		6		0.43		0.1487		0.16		0.0019		0.002

		6		0.81		0.228		0.16		0.0115		0.0022

		7		1.1		0.1084		0.166		0.0166		0.0022

		8		0.35		0.0015		0.179		0.0004		0.0022

		8		0.53		0.0761		0.18		0.002		0.0023

		8		0.96		0.4149		0.18		0.0184		0.0024

		8		1.01		0.0028		0.18		0.1287		0.0025

		8		0.56		0.0481		0.185		0.0248		0.0025

		8		0.33		0.0633		0.187		0.0032		0.0025

		9		3.561		1.0741		0.19		0.0103		0.0025

		9		0.98		0.4286		0.194		0.0003		0.0025

		9		0.96		0.0044		0.2		0.0187		0.0027

		2		0.42		0.005		0.2		0.0011		0.0027

		2		0.31		0.0337		0.203		0.0017		0.0028

		4		0.93		0.0727		0.207		0.0289		0.0028

		4		0.69		0.1168		0.209		0.0008		0.0029

		6		0.35		0.0014		0.213		0.0433		0.0029

		6		0.73		0.0478		0.219		0.0171		0.0029								0.0114344		0.0083672761

		6		1.26		0.3819		0.22		0.0119		0.0032								0.0116701462		0.0082157067

		6		0.58		0.1847		0.22		0.0418		0.0032								0.0116701462		0.0082157067

		6		0.29		0.0723		0.22		0.0091		0.0034								0.0116701462		0.0082157067

		6		1.37		0.5534		0.22		0.0494		0.0035								0.0116701462		0.0082157067

		7		1.19		0.0035		0.22		0.0029		0.0036								0.0116701462		0.0082157067

		7		0.28		0.0036		0.22		0.0049		0.0036								0.0116701462		0.0082157067

		4		0.3		0.0084		0.22		0.0542		0.0036								0.0116701462		0.0082157067

		4		0.89		0.1036		0.226		0.0296		0.0036								0.0131281978		0.0073373414

		4		0.31		0.0352		0.24		0.0519		0.0037								0.0168126873		0.0054920638

		4		0.16		0.0019		0.24		0.0986		0.004								0.0168126873		0.0054920638

		4		0.394		0.0249		0.24		0.0022		0.0043								0.0168126873		0.0054920638

		4		0.166		0.0166		0.24		0.0048		0.0043								0.0168126873		0.0054920638

		5		0.58		0.0644		0.25		0.042		0.0044								0.0196769505		0.0043457519

		5		0.61		0.072		0.25		0.045		0.0044								0.0196769505		0.0043457519

		5		0.409		0.0001		0.25		0.0145		0.0048								0.0196769505		0.0043457519

		5		1.121		0.7698		0.25		0.0043		0.0049								0.0196769505		0.0043457519

		5		0.11		0.0239		0.25		0.0022		0.0049								0.0196769505		0.0043457519

		5		0.24		0.0022		0.25		0.0029		0.005								0.0196769505		0.0043457519

		5		0.48		0.0972		0.25		0.0168		0.005								0.0196769505		0.0043457519

		5		1.26		0.804		0.26		0.0199		0.0053								0.0227264035		0.0033395022

		5		0.065		0.012		0.26		0.0434		0.0055								0.0227264035		0.0033395022

		5		0.075		0.0341		0.262		0.0374		0.0056								0.0233578841		0.0031548277

		6		0.58		0.0695		0.27		0.0512		0.0056								0.0259539296		0.0024706913

		6		0.4		0.1704		0.271		0.0008		0.0062								0.0262862131		0.0023912703

		6		0.32		0.0115		0.279		0.0012		0.0063								0.029005364		0.0018041558

		6		0.53		0.1149		0.28		0.0036		0.0065								0.0293527719		0.0017367607

		8		3.23		0.6968		0.29		0.0723		0.0067								0.0329165113		0.0011352153

		8		0.18		0.002		0.29		0.0579		0.0074								0.0329165113		0.0011352153

		8		0.76		0.1471		0.29		0.0861		0.0077								0.0329165113		0.0011352153

		8		0.35		0.0716		0.291		0.0081		0.0079								0.033281717		0.0010822477

		4		0.38		0.0036		0.3		0.0084		0.0081								0.0366390452		0.0006636208

		4		0.06		0.0018		0.302		0.0036		0.0084								0.0374020915		0.000584686

		4		0.02		0.0001		0.31		0.0337		0.0091								0.0405145686		0.0003196024

		4		0.065		0.0008		0.31		0.0352		0.0095								0.0405145686		0.0003196024

		4		0.48		0.0138		0.31		0.0245		0.0103								0.0405145686		0.0003196024

		4		0.03		0.0006		0.31		0.0056		0.011								0.0405145686		0.0003196024

		4		0.02		0.0022		0.31		0.0176		0.0112								0.0405145686		0.0003196024

		4		0.43		0.0027		0.32		0.0115		0.0115								0.0445375561		0.000100843

		5		0.46		0.0014		0.32		0.0253		0.0115								0.0445375561		0.000100843

		5		0.25		0.0145		0.32		0.0053		0.0116								0.0445375561		0.000100843

		5		1.18		0.0587		0.33		0.0633		0.0119								0.0487027451		0.0000050809

		5		0.26		0.0199		0.338		0.0573		0.012								0.0521339032		0.0000155442

		5		0.24		0.0048		0.34		0.0315		0.0121								0.0530051204		0.0000301088

		5		0.147		0.0056		0.34		0.0006		0.0121								0.0530051204		0.0000301088

		5		0.053		0.001		0.35		0.0015		0.0124								0.0574399001		0.0001737718

		6		1.26		0.3132		0.35		0.0014		0.0124								0.0574399001		0.0001737718

		6		0.62		0.0786		0.35		0.0716		0.0126								0.0574399001		0.0001737718

		6		0.07		0.0005		0.35		0.0002		0.0138								0.0574399001		0.0001737718

		6		0.262		0.0374		0.351		0.0649		0.0145								0.0578904828		0.0001945816

		6		0.338		0.0573		0.36		0.0029		0.0147								0.0620025218		0.0004339659

		7		1.079		0.2024		0.37		0.0648		0.015								0.0666886305		0.0008086368

		7		0.351		0.0649		0.37		0.0065		0.016								0.0666886305		0.0008086368

		8		0.75		0.0212		0.376		0.1805		0.0166								0.0695578314		0.0010875515

		12		0.11		0.0012		0.38		0.0831		0.0168								0.0714940667		0.0012957779

		6		0.97		0.0124		0.38		0.0036		0.0171								0.0714940667		0.0012957779

		6		0.14		0.0025		0.38		0.0112		0.0176								0.0714940667		0.0012957779

		6		0.55		0.0004		0.385		0.0511		0.0184								0.0739402836		0.0015809106

		7		0.26		0.0434		0.39		0.0037		0.0185								0.0764148557		0.0018934294

		7		1.22		0.1017		0.394		0.0249		0.0187								0.0784146131		0.0021630026

		8		0.95		0.0079		0.4		0.1704		0.0192								0.0814471971		0.0025996768

		8		1.63		0.5516		0.4		0.0827		0.0196								0.0814471971		0.0025996768

		9		0.122		0.0005		0.409		0.0001		0.0199								0.0860686743		0.0033266019

		9		0.83		0.0731		0.42		0.005		0.0208								0.0918321538		0.0043305192

		9		0.87		0.3827		0.42		0.0009		0.0212								0.0918321538		0.0043305192

		9		0.385		0.0511		0.42		0.0034		0.0217								0.0918321538		0.0043305192

		9		1.22		0.4483		0.43		0.1455		0.0228								0.0971779593		0.0053515001

		9		0.035		0.0055		0.43		0.1487		0.0231								0.0971779593		0.0053515001

		9		0.67		0.0956		0.43		0.0027		0.0239								0.0971779593		0.0053515001

		9		0.14		0.0006		0.43		0.083		0.0245								0.0971779593		0.0053515001

		10		1.18		0.1501		0.438		0.0251		0.0248								0.1015252526		0.0062413501

		10		0.32		0.0253		0.44		0.0077		0.0249								0.1026216818		0.006473846

		10		0.6		0.0707		0.45		0.015		0.0251								0.1081602636		0.0076958499

		10		0.43		0.083		0.45		0.0014		0.0253								0.1081602636		0.0076958499

		10		0.67		0.2452		0.46		0.0014		0.0289								0.1137907727		0.0090158431

		10		0.37		0.0648		0.46		0.0124		0.0294								0.1137907727		0.0090158431

		11		0.99		0.1525		0.461		0.1529		0.0296								0.1143587703		0.0091531687

		11		0.652		0.1956		0.47		0.0611		0.0296								0.1195103969		0.0104321941

		4		1.84		0.5256		0.47		0.0121		0.0315								0.1195103969		0.0104321941

		4		0.46		0.0124		0.48		0.005		0.0335								0.1253164375		0.011943307

		4		0.06		0.0025		0.48		0.0972		0.0337								0.1253164375		0.011943307

		5		1.51		0.1832		0.48		0.0138		0.0341								0.1253164375		0.011943307

		5		0.25		0.0043		0.487		0.0645		0.0341								0.129430692		0.0130566324

		5		0.08		0.0027		0.49		0.2426		0.0352								0.1312063036		0.0135476213

		6		1.44		0.4352		0.491		0.0023		0.0362								0.1317998039		0.0137131198

		6		0.14		0.0024		0.494		0.1196		0.0372								0.1335851605		0.0142151004

		6		0.81		0.3728		0.5		0.0008		0.0374								0.1371775069		0.0152436105

		6		0.59		0.1703		0.5		0.4592		0.0377								0.1371775069		0.0152436105

		6		0.29		0.0579		0.5		0.0049		0.0418								0.1371775069		0.0152436105

		6		1.05		0.011		0.507		0.0185		0.042								0.1414044609		0.0164845485

		7		1.94		0.0231		0.51		0.3225		0.0426								0.1432276568		0.0170297812

		7		0.5		0.0008		0.52		0.0372		0.0433								0.1493544551		0.0189046722

		3		0.25		0.0022		0.52		0.016		0.0434								0.1493544551		0.0189046722

		3		0.101		0.0025		0.52		0.0217		0.045								0.1493544551		0.0189046722

		4		1.032		0.0043		0.52		0.0457		0.0457								0.1493544551		0.0189046722

		5		1.767		0.4267		0.525		0.4014		0.0478								0.1524459036		0.0198749398

		5		0.18		0.0184		0.53		0.0761		0.0481								0.1555556923		0.0208668538

		5		0.83		0.0019		0.53		0.1149		0.0493								0.1555556923		0.0208668538

		5		0.45		0.015		0.55		0.0004		0.0494								0.1681730612		0.025047522

		5		0.89		0.5447		0.55		0.0036		0.0494								0.1681730612		0.025047522

		5		0.22		0.0418		0.56		0.0015		0.0498								0.1745851786		0.0272632987

		6		0.72		0.0121		0.56		0.0481		0.0511								0.1745851786		0.0272632987

		6		0.32		0.0053		0.577		0.0498		0.0512								0.1856371921		0.0312173199

		6		0.16		0.0115		0.58		0.3063		0.0519								0.1876067956		0.0319391751

		6		0.494		0.1196		0.58		0.1847		0.0542								0.1876067956		0.0319391751

		6		0.1		0.0062		0.58		0.0644		0.0573								0.1876067956		0.0319391751

		6		0.02		0.001		0.58		0.0695		0.0579								0.1876067956		0.0319391751

		6		1.8		1.1783		0.59		0.1703		0.0587								0.1942127086		0.0343967319

		6		0.209		0.0008		0.6		0.0707		0.0611								0.2008797411		0.0369323831

		6		0.461		0.1529		0.6		0.0032		0.0618								0.2008797411		0.0369323831

		6		0.376		0.1805		0.6		0.3273		0.0633								0.2008797411		0.0369323831

		6		0.203		0.0017		0.61		0.072		0.0644								0.2076062568		0.0395449221

		6		0.01		0.0074		0.61		0.2043		0.0645								0.2076062568		0.0395449221

		7		1.5		0.3029		0.61		0.0095		0.0648								0.2076062568		0.0395449221

		7		0.85		0.3518		0.61		0.2224		0.0649								0.2076062568		0.0395449221

		7		0.52		0.0372		0.62		0.0025		0.0695								0.2143906775		0.0422331669

		9		0.491		0.0023		0.62		0.0786		0.0707								0.2143906775		0.0422331669

		9		0.487		0.0645		0.652		0.1956		0.0716								0.2364725415		0.051330957

		9		0.13		0.0126		0.658		0.0618		0.072								0.2406733601		0.0531188073

		10		2.29		1.0715		0.67		0.0956		0.0723								0.249129858		0.0567702652

		10		0.51		0.3225		0.67		0.2452		0.0727								0.249129858		0.0567702652

		5		0.84		0.0196		0.67		0.0493		0.0731								0.249129858		0.0567702652

		5		0.6		0.0032		0.67		0.004		0.0761								0.249129858		0.0567702652

		5		0.22		0.0091		0.69		0.1168		0.0786								0.2633814262		0.063076275

		5		0.38		0.0112		0.699		0.0012		0.0827								0.2698566479		0.0660019853

		5		0.44		0.0077		0.72		0.0121		0.083								0.2851091104		0.0730358932

		5		0.81		0.0892		0.72		0.2823		0.0831								0.2851091104		0.0730358932

		5		0.22		0.0494		0.72		0.0044		0.0861								0.2851091104		0.0730358932

		6		0.97		0.0494		0.73		0.0478		0.0866								0.2924405755		0.0764853751

		6		0.61		0.2043		0.75		0.0212		0.0892								0.3072305143		0.0835731488

		7		2.45		1.2037		0.75		0.2763		0.0956								0.3072305143		0.0835731488

		7		1.089		0.1142		0.758		0.0025		0.0972								0.3131924861		0.0864774655

		7		0.187		0.0032		0.76		0.3899		0.0986								0.3146869889		0.0872096352

		7		0.72		0.2823		0.76		0.1471		0.1017								0.3146869889		0.0872096352

		8		0.699		0.0012		0.77		0.0335		0.1036								0.3221831862		0.0909066798

		9		0.42		0.0009		0.77		0.0067		0.1084								0.3221831862		0.0909066798

		9		0.577		0.0498		0.784		0.0866		0.1142								0.332742844		0.0961826447

		9		3.223		2.5587		0.8		0.1208		0.1149								0.3449010221		0.1023526392

		9		0.22		0.0029		0.81		0.228		0.1168								0.3525471556		0.106283473

		10		0.291		0.0081		0.81		0.3728		0.1196								0.3525471556		0.106283473

		10		0.49		0.2426		0.81		0.0892		0.1208								0.3525471556		0.106283473

		10		0.5		0.4592		0.83		0.0731		0.1287								0.3679447694		0.1143136019

		3		0.29		0.0861		0.83		0.0019		0.1455								0.3679447694		0.1143136019

		3		0.25		0.0029		0.84		0.0196		0.1471						0.0000688241		0.3756946896		0.1184113456

		4		0.94		0.0116		0.84		0.5069		0.1487						0.0000688241		0.3756946896		0.1184113456

		4		0.2		0.0187		0.85		0.3518		0.1501						0.0000119151		0.3834776837		0.1225631982

		4		0.15		0.0228		0.87		0.3827		0.1525						0.0000384733		0.3991400188		0.1310262807

		4		0.92		0.2906		0.89		0.1036		0.1529						0.0002500323		0.4149262306		0.1396970838

		5		0.18		0.1287		0.89		0.5447		0.1703						0.0002500323		0.4149262306		0.1396970838

		5		0.31		0.0245		0.9		0.5908		0.1704						0.0004243858		0.4228641437		0.1441086353

		5		1.123		0.5036		0.92		0.2906		0.1805						0.0009086639		0.4388264522		0.1530806562

		5		0.22		0.0049		0.92		0.6533		0.1832						0.0009086639		0.4388264522		0.1530806562

		5		1.1		0.5828		0.93		0.0727		0.1833						0.0012179664		0.4468496471		0.1576398087

		6		4.652		3.6006		0.94		0.0116		0.1847						0.0015716345		0.4549000962		0.162246864

		6		0.25		0.0168		0.95		0.0079		0.1853						0.0019693643		0.4629772398		0.1669011921

		6		0.92		0.6533		0.95		0.5787		0.1956						0.0019693643		0.4629772398		0.1669011921

		6		0.1		0.0208		0.96		0.1853		0.2024						0.0024108545		0.4710805334		0.1716021743

		6		0.75		0.2763		0.96		0.4149		0.2043						0.0024108545		0.4710805334		0.1716021743

		6		0.5		0.0049		0.96		0.0044		0.2224						0.0024108545		0.4710805334		0.1716021743

		6		0.9		0.5908		0.97		0.0124		0.228						0.0028958067		0.479209447		0.1763492024

		6		1.713		1.2018		0.97		0.0494		0.2426						0.0028958067		0.479209447		0.1763492024

		6		0.12		0.0296		0.98		0.4286		0.2452						0.0034239252		0.4873634651		0.1811416789

		7		2.455		1.3421		0.99		0.1525		0.2763						0.0039949168		0.4955420858		0.1859790164

		7		1.275		0.9718		1		0.0341		0.2823						0.0046084912		0.5037448205		0.1908606379

		7		0.95		0.5787		1.01		0.0028		0.2906						0.0052643604		0.5119711934		0.1957859758

		7		0.61		0.0095		1.03		0.0426		0.3029						0.0067018453		0.528493013		0.2057655798

		8		0.72		0.0044		1.032		0.0043		0.3063						0.0068547491		0.5301501553		0.206772867

		8		0.31		0.0056		1.05		0.3223		0.3132						0.0083051203		0.5451039802		0.2159134792

		8		0.77		0.0067		1.05		0.011		0.3223						0.0083051203		0.5451039802		0.2159134792

		8		1		0.0341		1.079		0.2024		0.3225						0.0109198457		0.5693413575		0.2309183113

		9		0.271		0.0008		1.089		0.1142		0.3273						0.0119000212		0.5777391136		0.2361701444

		9		0.67		0.0493		1.1		0.1084		0.3518						0.0130242239		0.5869996247		0.2419922676

		9		1.21		0.4178		1.1		0.5828		0.3728						0.0130242239		0.5869996247		0.2419922676

		9		0.47		0.0121		1.121		0.7698		0.3819						0.0153030402		0.6047439114		0.2532362027

		9		0.1		0.0028		1.123		0.5036		0.3827						0.0155290801		0.6064382089		0.2543157599

		10		0.45		0.0014		1.14		0.0017		0.3899						0.0175131288		0.6208696479		0.2635521391

		4		0.19		0.0103		1.155		0.0147		0.3973						0.0193562601		0.6336468118		0.2717900404

		4		0.4		0.0827		1.16		0.0192		0.4014						0.0199897527		0.6379147366		0.2745541004

		4		0.27		0.0512		1.18		0.0587		0.4149						0.0226184708		0.6550297376		0.2856993641

		5		0.35		0.0002		1.18		0.1501		0.4178						0.0226184708		0.6550297376		0.2856993641

		5		0.194		0.0003		1.19		0.0035		0.4267						0.0239892476		0.6636126844		0.2913246688

		5		0.34		0.0006		1.205		0.4981		0.4286						0.0261152504		0.6765180782		0.2998272989

		5		1.03		0.0426		1.21		0.4178		0.4352						0.0268424208		0.6808279917		0.3026785515

		6		2.58		1.3061		1.22		0.1017		0.4483						0.0283243369		0.6894597811		0.30840632

		6		0.84		0.5069		1.22		0.4483		0.4592						0.0283243369		0.6894597811		0.30840632

		6		0.09		0.0362		1.26		0.3819		0.4981						0.0346153573		0.7241414831		0.3316470897

		7		1.205		0.4981		1.26		0.804		0.5036						0.0346153573		0.7241414831		0.3316470897

		7		0.22		0.0542		1.26		0.3132		0.5069						0.0346153573		0.7241414831		0.3316470897

		7		0.31		0.0176		1.275		0.9718		0.5256						0.037122303		0.7372085502		0.3404949864

		7		0.185		0.0248		1.37		0.5534		0.5447						0.0548133981		0.8206826802		0.3981181066

		7		2.77		2.181		1.41		0.7405		0.5516						0.0631704845		0.8561707949		0.4231554085

		7		0.61		0.2224		1.44		0.4352		0.5534						0.0697795199		0.882908315		0.4422168079

		5		1.14		0.0017		1.5		0.3029		0.5787						0.0838518715		0.9366754245		0.4810349496

		5		0.52		0.016		1.51		0.1832		0.5828						0.0863057611		0.9456725966		0.4875916049

		5		0.52		0.0217		1.56		0.1833		0.5908						0.0990290143		0.9908037494		0.5207321214

		6		1.77		0.3973		1.63		0.5516		0.6533						0.118079568		1.0543694762		0.5680852098

		6		0.36		0.0029		1.713		1.2018		0.6968						0.1424657768		1.1302652028		0.6255818629

		6		0.2		0.0011		1.767		0.4267		0.7405						0.1593370531		1.1799211621		0.6637229332

		7		0.39		0.0037		1.77		0.3973		0.7679						0.1602969629		1.1826858582		0.665858073

		8		0.42		0.0034		1.8		1.1783		0.7698						0.1700248213		1.2103664247		0.6873006077

		8		0.67		0.004		1.84		0.5256		0.804						0.1833544231		1.247365941		0.7161424798

		8		0.37		0.0065		1.94		0.0231		0.9718						0.2184171881		1.3402932604		0.7894408629

		9		1.16		0.0192		2.23		0.7679		1.0715						0.3330784828		1.6127012215		1.0104853233

		9		0.05		0.0013		2.29		1.0715		1.0741						0.3590218131		1.6695163518		1.0575974156
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