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Abstract

Rainwater catchment is an anticipatory response to drought. Catchment design requires a prudent definition of target drought. Target drought might be a normal dry season, two rainless weeks, etc. Definition is by both duration and depth of precipitation. Target draught is often a balance drawn from past hydrologic history, consequences of rainwater catchment system failure, social implications and public acceptance. Most of the numerous drought indices are inappropriate as catchment performance targets. This paper briefly reviews drought definitions and suggests an analysis for identifying proper rainwater catchment design criteria.

Analysis must anticipate the variety of meteorological futures that a catchment might experience. Stochastic analysis improves understanding of probable catchment behavior and the risks associated with alternative catchment designs. Drought Duration Depth Frequency analysis allows the time step for which a system is sized to be matched to the duration of drought. An example illustrates such assessment.

Types of Drought


Drought differs from aridity, a permanent feature of low rainfall. Drought is a deviation from the long-term balance between precipitation and evapotranspiration. Deviation can be an issue of magnitude, timing (e.g., delay in the start of the rainy season) or effectiveness of precipitation (e.g., number of rainfall events). Climatic factors such as high wind can aggravate drought impact.


Meteorological Drought is defined on the basis of the degree and duration of dryness compared to some “normal” state. Some definitions identify periods by the number of days with precipitation less than some threshold. Other definitions relate deviations on monthly, seasonal, or annual time scales.


Hydrological Drought is associated with the effects of precipitation shortfall on water supply. Frequency and severity are often defined on a river basin scale. Precipitation deficiency may result in a rapid depletion of soil moisture, but the impact of this deficiency on reservoir levels may not be noted for many months. Although climate is a primary contributor to hydrological drought, factors such as land use and the construction of dams also affect basin hydrology. Because hydrologic systems often interconnect regions, hydrological drought may extend beyond the borders of meteorological drought.


Agricultural Drought links meteorological or hydrological drought to agricultural impact. Agricultural drought accounts for the variable susceptibility of crops from emergence to maturity. Deficient topsoil moisture at planting may hinder germination, leading to reduction of final yield. If topsoil moisture is sufficient for early growth requirements, however, deficiencies in subsoil moisture at this early stage may not affect final yield if subsoil moisture is replenished during the growing season.


Socioeconomic Drought associates the supply and demand of economic goods with elements of meteorological, hydrological, and agricultural drought. Socioeconomic drought depends on characteristics of supply and demand. The supply of such economic goods as water, forage and hydroelectric power depends on weather. Water supply is thus ample in some years but unable to meet human and environmental needs in others. Socioeconomic drought occurs when the demand for an economic good exceeds supply as a result of a weather-related shortfall in water supply.

Indices of Drought


Palmer Drought Severity Index (PDSI) is a meteorological estimate of soil moisture departure from normal conditions in response to abnormally dry or wet weather. PDSI uses precipitation and temperature data, as well as the local Available Water Content (AWC) of the soil. A basic water balance is determined, including evapotranspiration, soil recharge, runoff, and moisture loss from the surface layer. Human impacts are not considered.


PDSI criteria determines when a drought or a wet spell begins and ends. An abnormally wet month in the middle of a long-term drought has little impact on PDSI. A series of months with near normal precipitation following a serious drought does not necessarily signal that the drought is over.


PDSI calculates three intermediate parallel indices. If the probability that a drought is over is 100 percent, one index is used. If the probability that a wet spell is over is 100 percent, another index is used. If the probability is between 0 and 100 percent, the third index is employed. When conditions change from dry to normal or wet, the drought measured by PDSI ends without considering longer-term hydrologic impacts. PDSI is typically calculated on a monthly basis. Table 1 illustrates PDSI values.

Table 1. PDSI Classification


>
4.00
Extremely wet


3.00
to
3.99
Severely wet


2.00
to
2.99
Moderately wet


1.00
to
1.99
Mildly wet


0.50
to
0.99
Incipient wet spell


 0.49
to
-0.49
Near normal


-0.50
to
-0.99
Incipient dry spell


-1.00
to
-1.99
Mild drought


-2.00
to
-2.99
Moderate drought


-3.00
to
-3.99
Severe drought



<
-4.00
Extreme drought

PDSI provides a standard for comparisons between locations and between months. A -4.0 in Brazil has the same meaning in terms of the moisture departure from a climatological normal as a -4.0 in California.


Drawbacks include sensitivity to AWC of a soil type, conceptual simplification of soil horizons, exclusion of snow and frozen ground, non-consideration of the natural lag between precipitation and runoff, the estimate of potential evapotranspiration, and its inappropriateness over large topographic variations.


Modified Palmer Drought Severity Index (PMDI) differs from the PDSI during transition periods between dry and wet spells. PMDI weights the wet and dry index terms by probability. PMDI and PDSI are the same during an established drought or wet spell, but differ during transition periods.


Palmer Hydrological Drought Index (PHDI) is a near-real time hydrological index of soil moisture based on moisture inflow (precipitation), outflow, and storage, without regard to the long-term trend. PHDI numeric values correspond to the meanings of PDSI.


Palmer “Z” Index (ZNDX) measures moisture anomaly. The Z statistic indicates departure from normal monthly PDSI. ZNDX responds to a month of above-normal precipitation, even during periods of drought. Table 2 compares PHDI and ZNDX values.

Table 2. PHDI and ZNDX Classification

Cumulative
Frequency

Percent
PHDI
ZNDX


>
96

>
4.00

>
3.50
Extremely wet

90
to
95
3.00
to
3.99
2.50
to
3.49
Severely wet

73
to
89
1.50
to
2.99
1.00
to
2.49
Mildly to moderately wet

28
to
72
-1.49
to
1.49
-1.24
to
0.99
Near normal

11
to
27
-1.50
to
-2.99
-1.25
to
-1.99
Mild to moderate drought

5
to
10
-3.00
to
-3.99
-2.00
to
-2.74
Severe drought


<
4

<
-4.00

<
-2.75
Extreme drought

Surface Water Supply Index (SWSI) is computed with snowpack, precipitation, and reservoir storage inputs in the winter. During the summer, streamflow replaces snowpack as a component. Monthly data are summed for precipitation, reservoir, snowpack and streamflow stations. Long-term frequency analysis yields the normalized nonexceedence probability for each component. Component are weighted depending on contribution to surface water and summed. SWSI is centered at zero and has a range between -4.2 and +4.2.


SWSI is simple to calculate and gives a representative regional indication of surface water supplies. Adding or dropping stations requires new frequency determinations. Changes in water management, such as flow diversions or new reservoirs, require redeveloped weights. Thus, it is difficult to maintain a homogeneous record. Extreme events beyond the historical time series also cause problems.


Standardized Precipitation Index (SPI) is the number of standard deviations that the observed precipitation deviates from the long term mean, assuming normal distribution. SPI can be compared across regions with markedly different climates. Since precipitation is not normally distributed, an appropriate transformation is required.


Crop Moisture Index (CMI) is a meteorological monitor of week-to-week crop conditions. CMI was developed from procedures within the PDSI. Whereas PDSI monitors long-term meteorological wet and dry spells, CMI evaluates short-term moisture conditions. CMI is based on the mean temperature and total precipitation for each week as well as CMI of the previous week. CMI’s rapid response to changing conditions may provide misleading information about the long-term. CMI typically begins and ends each growing season near zero, preventing CMI use in droughts extending over several years.


Percent of Normal Precipitation (PNP) is one of the simplest measurements of rainfall for a location. PNP can be calculated for a variety of time scales but can be used for a single region or a single season. PNP comparison implies that the mean and median are the same. PNP is easily misunderstood and may give different indications depending on location and season.


Deciles divide precipitation occurrences over a long term into ten percent groupings. The first decile is the rainfall amount not exceeded by the lowest 10 percent of the precipitation occurrences. The fifth decile is the median. The decile method is simple to calculate, and requires less data and fewer assumptions than the PDSI.


National Rainfall Index (NRI) compares precipitation abnormalities on a continental scale. NRI is calculated for a country by taking a national annual precipitation average weighted according to long-term averages of all stations. Because NRI is weighted by annual rainfall, stations in wetter areas have a greater influence. NRI is independent of absolute amounts of localized rainfall. A frequency distribution of NRI allows historical comparisons not possible with PNP. If the record is not complete for an individual station, NRI can be calculated without that station.


Dependable Rains (DR) are rainfall occurring in four of every five years. The relationship of the DR to the mean may reflect characteristics of annual precipitation across a continent. Near the Sahara, DR is approximately 40-50 percent of the annual mean, while in the 700-800 mm precipitation zone DR is about 80 percent of the mean.


Keetch-Byram Drought Index (KBDI) is a soil/duff index based on a soil capacity of 20 mm of water. KBDI factors are maximum daily temperature, daily precipitation, antecedent precipitation, and annual precipitation. As noted in Table 3, KBDI is used for wildfire management.

Table 3. KBDI Classification

0
to
200
Soil moisture and large class fuel moistures are high and do not contribute to fire intensity. Typical of spring dormant season.

200
to
400
Typical of late spring, early growing season. Lower litter and duff layers are drying and beginning to contribute to fire intensity.

400
to
600
Typical of late summer, early fall. Lower litter and duff layers burn actively.

600
to
800
More severe drought with increased wildfire occurrence. Live fuels expected to burn actively at these levels.

Drought Duration Depth Frequency (DDDF) analysis is akin to the Precipitation Duration Depth Frequency (PDDF) analysis common in hydrology. DDDF shows the historic relationship of average precipitation, duration and probability at the bottom end of the distribution. DDDF is obtained by stepping through m consecutive days of precipitation record, counting the number of n-day series in which precipitation equals or exceeds a given proportion of the long-term average. A string of m days yields m-n comparisons. The results plots as a cumulative distribution.

Fig. 1 illustrates DDDF drought definition for Albuquerque, NM, USA. The record is 47 years and n varies from 2 to 90 days
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Figure 1. Drought Duration Depth Frequencies, Albuquerque, NM

Fig. 1 indicates a 30 percent chance of all of the following:

Average less than 20 percent of mean daily precipitation in 20 consecutive days.

Average less than 30 percent of mean daily precipitation in 26 consecutive days.

Average less than 40 percent of mean daily precipitation in 36 consecutive days.

Average less than 50 percent of mean daily precipitation in 68 consecutive days.

Rainwater Catchment Drought Criteria


A rainwater catchment system (RWCS) is designed to harvest some percent of mean daily precipitation. The percentage is less than 100 if some rainfall spills from the cistern on occasion. RWCS failure is when the target water supply cannot be supplied. (It should be emphasized that failure by this definition is usually successfully withstood in a socioeconomic sense. A RWCS is often a component in a larger water resource system managed as a conjunctive unit. Consumers anticipate having to ration and/or seek other water sources during drought conditions.)


DDDF criterion allows RWCS design to balance risks at a socially acceptable level over both short and long terms for whatever percent of mean daily precipitation is targeted. In Fig. 1, receiving less than 40 percent of mean daily precipitation occurs in approximately 25 percent of all two-month periods. As droughts are generally considered to be events significantly rarer than 1:4 odds, 60 days with 40 percent average precipitation is probably not perceived to be a drought. A socially reliable RWCS should be built large enough for this scenario. On the other hand, three months with only ten percent average rainfall has an extrapolated probability of something less than 0.10. The designer may not need to size the RWCS for this target, as users would not likely not expect full RWCS target supply in 9 out of 10 three-month periods. While the numeric targets, both in terms of catchment yield and drought duration, will vary with applications, the concept of trying to target a prudent expectation is universal.


The 47 years of record provides this case study some accuracy in anticipating the duration of extreme dry periods. Were only 10 years available, one would be less certain about the low 10 percent. For most RWCS, such certainty is not a critical issue. No RWCS design guarantees 100 percent reliability. Users learn that their cisterns may go dry, say, a third of the time if they do not ration or secure an alternative water source for the short term. With a realistic expectation of drought, consumption adjusts. DDDF drought criteria help identify when such adjustment is statistically warranted.

Conclusions


Criteria for drought serve many purposes. As RWCS design generally deals with meteorological abnormalities and human consumption, there is little cause to confuse the goals with agricultural or complex water balance criteria. DDDF requires only a record of historic rainfall and can address system behavior for duration and risk appropriate to RWCS needs. DDDF analysis anticipates how often a RWCS will fail to sustain a given rate of consumption.
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		6		17101		7806		6878		6532		6242		5696		5502		5076		4879		4731				6		0.544		0.598		0.618		0.635		0.667		0.678		0.703		0.715		0.723		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.598		0.618		31.09		70		80		0.678		0.703		78.73		100		0		0.723		0.000		0.00		100		0		0.723		0.000		0.00				6		0.00		0.00		0.00		0.00		31.09		78.73		0.00		0.00

		7		17100		8142		7631		6967		6398		6201		5744		5382		5209		4915				7		0.524		0.554		0.593		0.626		0.637		0.664		0.685		0.695		0.713		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		40		50		0.593		0.626		42.23		90		100		0.695		0.713		92.69		100		0		0.713		0.000		0.00		100		0		0.713		0.000		0.00				7		0.00		0.00		0.00		0.00		42.23		92.69		0.00		0.00

		8		17099		8840		7940		7313		6844		6356		5988		5803		5499		5162				8		0.483		0.536		0.572		0.600		0.628		0.650		0.661		0.678		0.698		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.483		0.536		23.23		50		60		0.600		0.628		50.09		100		0		0.698		0.000		0.00		100		0		0.698		0.000		0.00		100		0		0.698		0.000		0.00				8		0.00		0.00		0.00		23.23		50.09		0.00		0.00		0.00

		9		17098		8943		8245		7644		7119		6729		6370		6065		5713		5343				9		0.477		0.518		0.553		0.584		0.606		0.627		0.645		0.666		0.688		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.477		0.518		25.64		50		60		0.584		0.606		57.17		100		0		0.688		0.000		0.00		100		0		0.688		0.000		0.00		100		0		0.688		0.000		0.00				9		0.00		0.00		0.00		25.64		57.17		0.00		0.00		0.00

		10		17097		9514		8803		8001		7493		7116		6608		6248		5860		5419				10		0.444		0.485		0.532		0.562		0.584		0.613		0.635		0.657		0.683		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.485		0.532		33.17		60		70		0.584		0.613		65.46		100		0		0.683		0.000		0.00		100		0		0.683		0.000		0.00		100		0		0.683		0.000		0.00				10		0.00		0.00		0.00		33.17		65.46		0.00		0.00		0.00

		11		17096		9639		9020		8198		7806		7272		6963		6357		5893		5614				11		0.436		0.472		0.520		0.543		0.575		0.593		0.628		0.655		0.672		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.472		0.520		35.74		70		80		0.593		0.628		72.06		100		0		0.672		0.000		0.00		100		0		0.672		0.000		0.00		100		0		0.672		0.000		0.00				11		0.00		0.00		0.00		35.74		72.06		0.00		0.00		0.00

		12		17095		10132		9240		8514		8130		7611		7088		6487		6069		5690				12		0.407		0.459		0.502		0.524		0.555		0.585		0.621		0.645		0.667		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.459		0.502		39.54		70		80		0.585		0.621		74.16		100		0		0.667		0.000		0.00		100		0		0.667		0.000		0.00		100		0		0.667		0.000		0.00				12		0.00		0.00		0.00		39.54		74.16		0.00		0.00		0.00

		13		17094		10306		9493		8769		8224		7688		7107		6624		6113		5676				13		0.397		0.445		0.487		0.519		0.550		0.584		0.612		0.642		0.668		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.397		0.445		20.61		40		50		0.487		0.519		44.07		70		80		0.584		0.612		75.58		100		0		0.668		0.000		0.00		100		0		0.668		0.000		0.00		100		0		0.668		0.000		0.00				13		0.00		0.00		20.61		44.07		75.58		0.00		0.00		0.00

		14		17093		10735		9927		9029		8496		7970		7345		6744		6195		5788				14		0.372		0.419		0.472		0.503		0.534		0.570		0.605		0.638		0.661		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.372		0.419		25.93		40		50		0.472		0.503		49.05		70		80		0.570		0.605		78.45		100		0		0.661		0.000		0.00		100		0		0.661		0.000		0.00		100		0		0.661		0.000		0.00				14		0.00		0.00		25.93		49.05		78.45		0.00		0.00		0.00

		15		17092		11134		10012		9435		8751		8101		7445		6912		6307		5906				15		0.349		0.414		0.448		0.488		0.526		0.564		0.596		0.631		0.654		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.349		0.414		27.83		50		60		0.488		0.526		53.15		80		90		0.596		0.631		81.24		100		0		0.654		0.000		0.00		100		0		0.654		0.000		0.00		100		0		0.654		0.000		0.00				15		0.00		0.00		27.83		53.15		81.24		0.00		0.00		0.00

		16		17091		11243		10200		9615		8895		8121		7520		6944		6393		5904				16		0.342		0.403		0.437		0.480		0.525		0.560		0.594		0.626		0.655		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		20		30		0.342		0.403		29.48		50		60		0.480		0.525		54.52		80		90		0.594		0.626		81.95		100		0		0.655		0.000		0.00		100		0		0.655		0.000		0.00		100		0		0.655		0.000		0.00				16		0.00		0.00		29.48		54.52		81.95		0.00		0.00		0.00

		17		17090		11598		10565		9830		9108		8346		7639		6995		6470		5984				17		0.321		0.382		0.425		0.467		0.512		0.553		0.591		0.621		0.650		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.382		0.425		34.23		50		60		0.467		0.512		57.39		80		90		0.591		0.621		83.03		100		0		0.650		0.000		0.00		100		0		0.650		0.000		0.00		100		0		0.650		0.000		0.00				17		0.00		0.00		34.23		57.39		83.03		0.00		0.00		0.00

		18		17089		11625		10707		10008		9211		8424		7641		7058		6555		6064				18		0.320		0.373		0.414		0.461		0.507		0.553		0.587		0.616		0.645		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.373		0.414		36.49		50		60		0.461		0.507		58.47		80		90		0.587		0.616		84.42		100		0		0.645		0.000		0.00		100		0		0.645		0.000		0.00		100		0		0.645		0.000		0.00				18		0.00		0.00		36.49		58.47		84.42		0.00		0.00		0.00

		19		17088		11939		10870		10199		9188		8590		7658		7109		6638		6023				19		0.301		0.364		0.403		0.462		0.497		0.552		0.584		0.612		0.648		0		0		0		0.000		0.000		0.00		0		0		0.000		0.000		0.00		30		40		0.364		0.403		39.20		60		70		0.497		0.552		60.49		80		90		0.584		0.612		85.81		100		0		0.648		0.000		0.00		100		0		0.648		0.000		0.00		100		0		0.648		0.000		0.00				19		0.00		0.00		39.20		60.49		85.81		0.00		0.00		0.00

		20		17087		11990		11184		10272		9377		8674		7847		7192		6700		6150				20		0.298		0.345		0.399		0.451		0.492		0.541		0.579		0.608		0.640		0		0		0		0.000		0.000		0.00		20		30		0.298		0.345		20.36		40		50		0.399		0.451		40.22		60		70		0.492		0.541		61.58		80		90		0.579		0.608		87.26		100		0		0.640		0.000		0.00		100		0		0.640		0.000		0.00		100		0		0.640		0.000		0.00				20		0.00		20.36		40.22		61.58		87.26		0.00		0.00		0.00

		21		17086		12266		11237		10426		9527		8624		7881		7278		6646		6248				21		0.282		0.342		0.390		0.442		0.495		0.539		0.574		0.611		0.634		0		0		0		0.000		0.000		0.00		20		30		0.282		0.342		22.97		40		50		0.390		0.442		41.94		60		70		0.495		0.539		61.09		80		90		0.574		0.611		87.02		100		0		0.634		0.000		0.00		100		0		0.634		0.000		0.00		100		0		0.634		0.000		0.00				21		0.00		22.97		41.94		61.09		87.02		0.00		0.00		0.00

		22		17085		12269		11384		10500		9714		8790		8063		7325		6753		6206				22		0.282		0.334		0.385		0.431		0.486		0.528		0.571		0.605		0.637		0		0		0		0.000		0.000		0.00		20		30		0.282		0.334		23.50		40		50		0.385		0.431		43.17		60		70		0.486		0.528		63.40		80		90		0.571		0.605		88.58		100		0		0.637		0.000		0.00		100		0		0.637		0.000		0.00		100		0		0.637		0.000		0.00				22		0.00		23.50		43.17		63.40		88.58		0.00		0.00		0.00

		23		17084		12530		11520		10619		9833		8788		8105		7503		6848		6296				23		0.267		0.326		0.378		0.424		0.486		0.526		0.561		0.599		0.631		0		0		0		0.000		0.000		0.00		20		30		0.267		0.326		25.66		40		50		0.378		0.424		44.69		60		70		0.486		0.526		63.60		90		100		0.599		0.631		90.26		100		0		0.631		0.000		0.00		100		0		0.631		0.000		0.00		100		0		0.631		0.000		0.00				23		0.00		25.66		44.69		63.60		90.26		0.00		0.00		0.00

		24		17083		12591		11779		10682		9869		8939		8176		7543		6894		6375				24		0.263		0.310		0.375		0.422		0.477		0.521		0.558		0.596		0.627		0		0		0		0.000		0.000		0.00		20		30		0.263		0.310		27.79		40		50		0.375		0.422		45.32		60		70		0.477		0.521		65.21		90		100		0.596		0.627		91.17		100		0		0.627		0.000		0.00		100		0		0.627		0.000		0.00		100		0		0.627		0.000		0.00				24		0.00		27.79		45.32		65.21		91.17		0.00		0.00		0.00

		25		17082		12824		11912		10835		9776		9077		8325		7617		6922		6353				25		0.249		0.303		0.366		0.428		0.469		0.513		0.554		0.595		0.628		0		0		0		0.000		0.000		0.00		20		30		0.249		0.303		29.50		40		50		0.366		0.428		45.53		60		70		0.469		0.513		67.13		90		100		0.595		0.628		91.57		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00				25		0.00		29.50		45.53		67.13		91.57		0.00		0.00		0.00

		26		17081		12857		11945		10908		9920		9121		8351		7691		6993		6338				26		0.247		0.301		0.361		0.419		0.466		0.511		0.550		0.591		0.629		0		0		0		0.000		0.000		0.00		20		30		0.247		0.301		29.87		40		50		0.361		0.419		46.67		60		70		0.466		0.511		67.54		90		100		0.591		0.629		92.45		100		0		0.629		0.000		0.00		100		0		0.629		0.000		0.00		100		0		0.629		0.000		0.00				26		0.00		29.87		46.67		67.54		92.45		0.00		0.00		0.00

		27		17080		13068		12182		11041		10051		9211		8352		7715		7054		6347				27		0.235		0.287		0.354		0.412		0.461		0.511		0.548		0.587		0.628		0		0		0		0.000		0.000		0.00		30		40		0.287		0.354		31.98		40		50		0.354		0.412		48.01		60		70		0.461		0.511		67.81		90		100		0.587		0.628		93.14		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00				27		0.00		31.98		48.01		67.81		93.14		0.00		0.00		0.00

		28		17079		13138		12244		11129		10169		9230		8542		7705		7096		6266				28		0.231		0.283		0.348		0.405		0.460		0.500		0.549		0.585		0.633		0		0		0		0.000		0.000		0.00		30		40		0.283		0.348		32.59		40		50		0.348		0.405		49.18		70		80		0.500		0.549		70.03		90		100		0.585		0.633		93.19		100		0		0.633		0.000		0.00		100		0		0.633		0.000		0.00		100		0		0.633		0.000		0.00				28		0.00		32.59		49.18		70.03		93.19		0.00		0.00		0.00

		29		17078		13333		12278		11132		10298		9350		8542		7756		7059		6313				29		0.219		0.281		0.348		0.397		0.453		0.500		0.546		0.587		0.630		0		0		0		0.000		0.000		0.00		30		40		0.281		0.348		32.82		50		60		0.397		0.453		50.54		70		80		0.500		0.546		70.04		90		100		0.587		0.630		93.05		100		0		0.630		0.000		0.00		100		0		0.630		0.000		0.00		100		0		0.630		0.000		0.00				29		0.00		32.82		50.54		70.04		93.05		0.00		0.00		0.00

		30		17077		13511		12492		11359		10421		9501		8717		7864		7059		6358				30		0.209		0.268		0.335		0.390		0.444		0.490		0.539		0.587		0.628		0		0		0		0.000		0.000		0.00		30		40		0.268		0.335		34.75		50		60		0.390		0.444		51.90		70		80		0.490		0.539		72.09		90		100		0.587		0.628		93.26		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00		100		0		0.628		0.000		0.00				30		0.00		34.75		51.90		72.09		93.26		0.00		0.00		0.00

		32		17075		13648		12543		11470		10485		9588		8685		7894		6986		6379				32		0.201		0.265		0.328		0.386		0.438		0.491		0.538		0.591		0.626		0		0		0		0.000		0.000		0.00		30		40		0.265		0.328		35.50		50		60		0.386		0.438		52.68		70		80		0.491		0.538		71.86		90		100		0.591		0.626		92.57		100		0		0.626		0.000		0.00		100		0		0.626		0.000		0.00		100		0		0.626		0.000		0.00				32		0.00		35.50		52.68		71.86		92.57		0.00		0.00		0.00

		34		17073		13859		12802		11662		10677		9691		8779		7804		7015		6380				34		0.188		0.250		0.317		0.375		0.432		0.486		0.543		0.589		0.626		0		20		30		0.188		0.250		21.90		30		40		0.250		0.317		37.46		50		60		0.375		0.432		54.39		70		80		0.486		0.543		72.49		90		100		0.589		0.626		92.93		100		0		0.626		0.000		0.00		100		0		0.626		0.000		0.00		100		0		0.626		0.000		0.00				34		21.90		37.46		54.39		72.49		92.93		0.00		0.00		0.00

		36		17071		14032		12860		11866		10865		9798		8936		7847		7064		6513				36		0.178		0.247		0.305		0.364		0.426		0.477		0.540		0.586		0.618		0		20		30		0.178		0.247		23.20		30		40		0.247		0.305		39.16		50		60		0.364		0.426		55.83		70		80		0.477		0.540		73.68		90		100		0.586		0.618		94.28		100		0		0.618		0.000		0.00		100		0		0.618		0.000		0.00		100		0		0.618		0.000		0.00				36		23.20		39.16		55.83		73.68		94.28		0.00		0.00		0.00

		38		17069		14226		13042		12042		10845		9892		8829		7870		7148		6529				38		0.167		0.236		0.295		0.365		0.420		0.483		0.539		0.581		0.617		0		20		30		0.167		0.236		24.82		40		50		0.295		0.365		40.78		50		60		0.365		0.420		56.33		70		80		0.483		0.539		73.07		90		100		0.581		0.617		95.18		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00				38		24.82		40.78		56.33		73.07		95.18		0.00		0.00		0.00

		40		17067		14376		13167		12114		10972		10054		8872		7955		7288		6532				40		0.158		0.229		0.290		0.357		0.411		0.480		0.534		0.573		0.617		0		20		30		0.158		0.229		25.98		40		50		0.290		0.357		41.46		50		60		0.357		0.411		57.97		70		80		0.480		0.534		73.69		90		100		0.573		0.617		96.10		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00				40		25.98		41.46		57.97		73.69		96.10		0.00		0.00		0.00

		42		17065		14544		13227		12197		11117		10161		8904		7963		7273		6640				42		0.148		0.225		0.285		0.349		0.405		0.478		0.533		0.574		0.611		0		20		30		0.148		0.225		26.77		40		50		0.285		0.349		42.33		50		60		0.349		0.405		59.18		70		80		0.478		0.533		73.95		90		100		0.574		0.611		97.06		100		0		0.611		0.000		0.00		100		0		0.611		0.000		0.00		100		0		0.611		0.000		0.00				42		26.77		42.33		59.18		73.95		97.06		0.00		0.00		0.00

		44		17063		14614		13418		12261		11157		10217		8943		8066		7309		6601				44		0.144		0.214		0.281		0.346		0.401		0.476		0.527		0.572		0.613		0		20		30		0.144		0.214		28.06		40		50		0.281		0.346		42.87		50		60		0.346		0.401		59.78		70		80		0.476		0.527		74.69		90		100		0.572		0.613		96.83		100		0		0.613		0.000		0.00		100		0		0.613		0.000		0.00		100		0		0.613		0.000		0.00				44		28.06		42.87		59.78		74.69		96.83		0.00		0.00		0.00

		46		17061		14748		13506		12429		11331		10091		8896		8203		7409		6573				46		0.136		0.208		0.271		0.336		0.409		0.479		0.519		0.566		0.615		0		20		30		0.136		0.208		28.85		40		50		0.271		0.336		44.43		50		60		0.336		0.409		58.83		70		80		0.479		0.519		75.27		90		100		0.566		0.615		96.99		100		0		0.615		0.000		0.00		100		0		0.615		0.000		0.00		100		0		0.615		0.000		0.00				46		28.85		44.43		58.83		75.27		96.99		0.00		0.00		0.00

		48		17059		14791		13706		12505		11447		10122		8986		8215		7471		6621				48		0.133		0.197		0.267		0.329		0.407		0.473		0.518		0.562		0.612		0		30		40		0.197		0.267		30.49		40		50		0.267		0.329		45.33		50		60		0.329		0.407		59.14		70		80		0.473		0.518		75.92		90		100		0.562		0.612		97.62		100		0		0.612		0.000		0.00		100		0		0.612		0.000		0.00		100		0		0.612		0.000		0.00				48		30.49		45.33		59.14		75.92		97.62		0.00		0.00		0.00

		50		17057		14932		13881		12571		11497		10206		9122		8276		7491		6559				50		0.125		0.186		0.263		0.326		0.402		0.465		0.515		0.561		0.615		0		30		40		0.186		0.263		31.80		40		50		0.263		0.326		45.88		50		60		0.326		0.402		59.78		70		80		0.465		0.515		77.02		90		100		0.561		0.615		97.17		100		0		0.615		0.000		0.00		100		0		0.615		0.000		0.00		100		0		0.615		0.000		0.00				50		31.80		45.88		59.78		77.02		97.17		0.00		0.00		0.00

		52		17055		15002		13947		12568		11597		10164		9246		8320		7431		6528				52		0.120		0.182		0.263		0.320		0.404		0.458		0.512		0.564		0.617		0		30		40		0.182		0.263		32.20		40		50		0.263		0.320		46.48		50		60		0.320		0.404		59.52		70		80		0.458		0.512		77.76		90		100		0.564		0.617		96.74		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00		100		0		0.617		0.000		0.00				52		32.20		46.48		59.52		77.76		96.74		0.00		0.00		0.00

		54		17053		15089		14045		12653		11649		10224		9285		8428		7424		6651				54		0.115		0.176		0.258		0.317		0.400		0.456		0.506		0.565		0.610		0		30		40		0.176		0.258		32.89		40		50		0.258		0.317		47.13		50		60		0.317		0.400		59.95		70		80		0.456		0.506		78.85		90		100		0.565		0.610		97.80		100		0		0.610		0.000		0.00		100		0		0.610		0.000		0.00		100		0		0.610		0.000		0.00				54		32.89		47.13		59.95		78.85		97.80		0.00		0.00		0.00

		56		17051		15172		14029		12756		11623		10319		9383		8408		7451		6695				56		0.110		0.177		0.252		0.318		0.395		0.450		0.507		0.563		0.607		0		30		40		0.177		0.252		33.05		40		50		0.252		0.318		47.24		60		70		0.395		0.450		60.94		70		80		0.450		0.507		78.79		90		100		0.563		0.607		98.34		100		0		0.607		0.000		0.00		100		0		0.607		0.000		0.00		100		0		0.607		0.000		0.00				56		33.05		47.24		60.94		78.79		98.34		0.00		0.00		0.00

		58		17049		15248		14135		12866		11707		10424		9460		8428		7418		6748				58		0.106		0.171		0.245		0.313		0.389		0.445		0.506		0.565		0.604		0		30		40		0.171		0.245		33.91		40		50		0.245		0.313		48.04		60		70		0.389		0.445		62.02		70		80		0.445		0.506		79.06		90		100		0.565		0.604		98.93		100		0		0.604		0.000		0.00		100		0		0.604		0.000		0.00		100		0		0.604		0.000		0.00				58		33.91		48.04		62.02		79.06		98.93		0.00		0.00		0.00

		60		17047		15411		14259		13012		11770		10610		9520		8500		7525		6871				60		0.096		0.164		0.237		0.310		0.378		0.442		0.501		0.559		0.597		0		30		40		0.164		0.237		34.98		40		50		0.237		0.310		48.69		60		70		0.378		0.442		63.50		70		80		0.442		0.501		79.77		100		0		0.597		0.000		0.00		100		0		0.597		0.000		0.00		100		0		0.597		0.000		0.00		100		0		0.597		0.000		0.00				60		34.98		48.69		63.50		79.77		0.00		0.00		0.00		0.00

		63		17044		15468		14289		13066		11636		10642		9550		8495		7563		6947				63		0.092		0.162		0.233		0.317		0.376		0.440		0.502		0.556		0.592		0		30		40		0.162		0.233		35.35		40		50		0.233		0.317		47.94		60		70		0.376		0.440		63.81		70		80		0.440		0.502		79.74		100		0		0.592		0.000		0.00		100		0		0.592		0.000		0.00		100		0		0.592		0.000		0.00		100		0		0.592		0.000		0.00				63		35.35		47.94		63.81		79.74		0.00		0.00		0.00		0.00

		66		17041		15572		14453		13242		11794		10691		9594		8452		7701		7028				66		0.086		0.152		0.223		0.308		0.373		0.437		0.504		0.548		0.588		0		30		40		0.152		0.223		36.77		40		50		0.223		0.308		49.07		60		70		0.373		0.437		64.25		70		80		0.437		0.504		79.40		100		0		0.588		0.000		0.00		100		0		0.588		0.000		0.00		100		0		0.588		0.000		0.00		100		0		0.588		0.000		0.00				66		36.77		49.07		64.25		79.40		0.00		0.00		0.00		0.00

		69		17038		15668		14508		13323		11923		10740		9658		8597		7808		7063				69		0.080		0.148		0.218		0.300		0.370		0.433		0.495		0.542		0.585		0		30		40		0.148		0.218		37.41		40		50		0.218		0.300		49.97		60		70		0.370		0.433		64.78		80		90		0.495		0.542		80.99		100		0		0.585		0.000		0.00		100		0		0.585		0.000		0.00		100		0		0.585		0.000		0.00		100		0		0.585		0.000		0.00				69		37.41		49.97		64.78		80.99		0.00		0.00		0.00		0.00

		72		17035		15765		14578		13390		12090		10864		9704		8620		7826		7089				72		0.075		0.144		0.214		0.290		0.362		0.430		0.494		0.541		0.584		0		30		40		0.144		0.214		38.00		50		60		0.290		0.362		51.35		60		70		0.362		0.430		65.54		80		90		0.494		0.541		81.29		100		0		0.584		0.000		0.00		100		0		0.584		0.000		0.00		100		0		0.584		0.000		0.00		100		0		0.584		0.000		0.00				72		38.00		51.35		65.54		81.29		0.00		0.00		0.00		0.00

		75		17032		15846		14716		13475		12205		10956		9714		8727		7879		7160				75		0.070		0.136		0.209		0.283		0.357		0.430		0.488		0.537		0.580		0		30		40		0.136		0.209		38.79		50		60		0.283		0.357		52.26		60		70		0.357		0.430		65.93		80		90		0.488		0.537		82.49		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00				75		38.79		52.26		65.93		82.49		0.00		0.00		0.00		0.00

		78		17029		15926		14814		13415		12334		11028		9832		8798		7941		7146				78		0.065		0.130		0.212		0.276		0.352		0.423		0.483		0.534		0.580		0		30		40		0.130		0.212		38.51		50		60		0.276		0.352		53.17		60		70		0.352		0.423		66.78		80		90		0.483		0.534		83.31		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00		100		0		0.580		0.000		0.00				78		38.51		53.17		66.78		83.31		0.00		0.00		0.00		0.00

		81		17026		16021		14907		13491		12329		11085		9860		8820		7956		7246				81		0.059		0.124		0.208		0.276		0.349		0.421		0.482		0.533		0.574		0		30		40		0.124		0.208		39.08		50		60		0.276		0.349		53.30		60		70		0.349		0.421		67.10		80		90		0.482		0.533		83.55		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00				81		39.08		53.30		67.10		83.55		0.00		0.00		0.00		0.00

		84		17023		16051		14997		13492		12360		11053		9899		8897		8022		7232				84		0.057		0.119		0.207		0.274		0.351		0.418		0.477		0.529		0.575		0		30		40		0.119		0.207		39.16		50		60		0.274		0.351		53.40		60		70		0.351		0.418		67.27		80		90		0.477		0.529		84.41		100		0		0.575		0.000		0.00		100		0		0.575		0.000		0.00		100		0		0.575		0.000		0.00		100		0		0.575		0.000		0.00				84		39.16		53.40		67.27		84.41		0.00		0.00		0.00		0.00

		87		17020		16142		15138		13628		12419		11113		9973		8956		8006		7256				87		0.052		0.111		0.199		0.270		0.347		0.414		0.474		0.530		0.574		0		40		50		0.199		0.270		40.10		50		60		0.270		0.347		53.87		60		70		0.347		0.414		67.90		80		90		0.474		0.530		84.69		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00		100		0		0.574		0.000		0.00				87		40.10		53.87		67.90		84.69		0.00		0.00		0.00		0.00

		90		17017		16231		15243		13768		12510		11201		10083		9063		8096		7277				90		0.046		0.104		0.191		0.265		0.342		0.407		0.467		0.524		0.572		0		40		50		0.191		0.265		41.23		50		60		0.265		0.342		54.57		60		70		0.342		0.407		68.86		80		90		0.467		0.524		85.73		100		0		0.572		0.000		0.00		100		0		0.572		0.000		0.00		100		0		0.572		0.000		0.00		100		0		0.572		0.000		0.00				90		41.23		54.57		68.86		85.73		0.00		0.00		0.00		0.00
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