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FOItEWORD 

This report presents a user's guide for the newly developed triangular hyetograph 
method in deriving local design storms for use in the design of highway storm 
drainage structures. Examples are provided to illustrate this procedure. Also 
included are listings of two computer programs for performing statistical analysis 
of rainfall moments for triangular hyetographs and for fre1uen~y analysis of 
rainfall depth-duration-return period relation. 
\ 
~esearch in urban and rural highway storm drainage is inclurled in the Federally 
toordinated Program of Highway Research and Development a~ TdSks 2 and 3 of 
PrJject 5H "Protection of the Highway System from Hazards Attri buted to Flooding." 

Sufficient copies of this report are being distributed to provide a minimum of 
two copies to each FHWA regional office, one copy to eac.h division offict>. and 
one COpy to each State highway agency. Direct distribution is being made to 
the division offices. 
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NOTICE 

This document is disseminated under the spr/nsorship of the Oepartment 
of Transportation in the int"rest of information exchange. The United 
States Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the contractor, who is 
responsible for the accuracy of the data presented herein. The contents 
do not necessarily reflect the official policy of the Department of 
Transporta tion. 

This report does not constitute a standard. specification. or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the object of this document. 
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I • INTRODUCTION 

the user's manual presents a procedure for rapidly developing a design 

storm (triangular rainfall l-yetograph) to facilitate the use of rainfall-runoff 

IIlOdels such as EPA's Storm Water Management Model (SWMM). Since the81! rainfall­

runoff models can provide 1IIOre accurate estimates of runoff ch$lracteI'istics 

than existing empirical methods such as the Rational Equation, highway engineers 

can develop 1IIOre cost-effective storm drainage systems through their use. 

This third volume of the four-volume report set on local design 

hyetograph (temporal pattern of storm rainfall) gives the procedure. related 

information. and example on applying the nondimensional triangular hyetograph 

method to establish tIle local design storm for design of small rural and urban 

highway drainage facilities. Four user's guides are described in this volume. 

Chapter II gives the procedures to determine the dimensional triangular design 

hyetograph. Chapter III describes the methods to estimate the depth and 

intensity of rainstorms if the user does not have better methods for their 

determination. Chapters II and III. with the figures and tables included, 

are self-content and normally sufficient for an engineer to develop his 

design hyetograph without using the informat ion provided in Chapters IV and V 

of this volume. 

However, the user may prefer not to use the national map of parameter 

values of nondimenHional triangular hyetographs presented in Chapter II. 

Instead. he may prefer to establish his own local values of the parameters when 

the standard National Weather Service (miS) hourly precipitation data is 

available for the design location. In this case he can apply the computer 

program SATH (Statistical analysis for triangular hyetograph) to establish 

the parameter values. The user's guide of the program SATH is described 

in Chapter IV. 

Likewise, should the user prefer to establish the local intensity 

(or depth)-duration-frequency relationship instead of using the NWS Technical 

Paper No. 40, NOAA Technical Memorandum NWS HYDRO-35, or NOAA Atlas 2, and 

the local hourly rainfall data is available in the standard NWS format, he 

may use the computer program FANHP (Frequency analysis for NWS hourly 

precipitation data) for this purpose. The user's ~uide for the program 

~,,"UP is given in Chapter V. 

1 



Although they are interrelated, Chapters II through V in this volume 

are prepared in such a way that each chapter can be used alone. Likewise, 

this volume can be read and used independently of other volumes of this report 

set, although the user is suggested to refer to Volume II for the theory and 

justification of using the nondimensional triangular hyetograph method to 

develop local design storms. 

The procedures and user's guides in this voluae have been formulated 

as simple 8S possible for field applications. In developing and preparing 

these procedures and guides, tr8~e-off between simplicity and practicality 

has been carefully weighted. Nevertheless, this d~es not prevent those who 

would prefer to improve the methods by sacrificing simplicity. 

2 



II. USER'S GUIDE TO ESTABLISH 

LOCAL TRIANGULAR. DESIGN HYETOGRAPH 

This Chapter describes the procedures to establish the local design 

hyetograph for the design of small drainage facilities. The size of the drainage 

basin should be saaller than 20 square miles (SO ka2) or, have a time of 

concentration less than five hours. Section A, the most important part of 

this chapter. gives the staodard procedure to establish the design hyetograph. 

Section B presents a method to estimate the critical duration of the design 

rainstorm. The user should refer to Vol. 2 of this report ~et if he is interested 

in methodology development. 

A. Standard Procedure 

The standard procedure to establish the triangular hyetograph 

for design of a small highway drainage facility at a specified location is 

8S follows: 

(1) Determine the duration of the design rainstorm, t d , in hours -- It is 

recommended that the duration of the d~sign rainstorm be taken 

(2) 

(3) 

as the critical, longest flow time of the area drained. 

The recommended method to determine this critical flow time is described 

in Section B. The user may use other appropriate methods if preferred. 

Determine the design return period, T , in years -- The design rel urn 
r 

period should be determined on the basis of acceptable risk. 

(Yen, 1970; Yen and Tang, 1976; Tseng et al •• 1975; Young et al., 1970] 

Determine the nondimensional triangular hyetograph parameter value. aa __ 

From Fig. I the user select the value of aa at the location of the drainage 

basin and corresponding to the design duration and return period. Inter­

polate the aO values if necessary. 

3 
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(4) Deteradne the rainfall depth. D. in inches or mm -- The depth of the design 

rainstorm of the specified return periot and duration is determined by 

using the following National Weather Service (NWS) published values. 

• For contiguous United States east of 105°W meridian and for duration 

not exceeding I hour, use NOAA Technical Memorandum NWS HYDRO-3S 

[Frederick et al •• 1977]. 

• For the United States east of lOS·W with rainstorms longer than I 

hour in duration. use the National Weather Service (formerly Weather 

Bureau) Technical Paper No. 40 (TP-40) [Hershfield, 1961]. 

• For the eleven states west of lOS·W, use NOAA Atlas 2 [Miller et al., 

1973] and extrapolate as described in the atlas for design durations 

lesR than 6 hours. 

Use of TP-40 to determine the rainfall depth is described in Section A 

of next chapter. Use of HYDRD-3S is described in Section B in Chapter III. 

Alternatively. the user may prefer to use the local rainfall record. if 

available, to determine the depth of the design storm through a frequency 

analysis of the rainfall data. This alternative procedure is described 

in Chapter V using the NWS standard hourly precipitation data. 

If the drainage area upstream of the design location is larger than 

8 square miles (20 km2), an area reduction factor should be applied to 

the point rainfall depth obtained from TP-40, HYDRo-3S. or frequency 

analysis. The value of the area reduction factor can be estimated from 

Fig. 2. This figure should not be used in mountain regions where the 

orographic effect on rainfall is significant. 

(S) Compute the values of dimensional parameters of the triangular design 

hyetograph -- With the values of D and td known, the values of parameters 

of the triangular design hyetograph (Fig. 3) can be computed by using the 

following eq~tion 

5 
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Triangular hyetographs 

(6) Construct dimensional triangular design hydtograph -- The design hyetograph 

is triangular in shape with a base equal to the duration td and the apex 

equal to the peak rainfall intensity. h. at a time a after the beginning 

of the rainfall (Fig. 3). 

B. Duration of Design Storm 

The critical duration of the design rainstorm, t d , can be computed from 

the critical flow time required for a typical water particle to flow from a 

critical point at the boundary of the drainage basin to the outlet of the area 

drained. The critical point is the point having the longest flow time among 

the different flow times of the different flow paths in the drainage basin. 

The underlining reasol'. of this assumption is that under this critical duration 

situation, at least for a short moment, the entire drainage area contributes to 

the outflow of the basin [Yen, 1978]. Normally, the critical point 1s the famost 

upstream point along the longest flow path of the drainage basin and it is 

not difficult to be identified from topographic maps. However, under relatively 

complicated cases the critical point may be the upstream en~ point of a 

slightly shorter but flatter flow path, as the case of the basin shown In Fig. 4 

for which the critical path is the central path. It should a180 be noted that if 
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the project involve8 de8ign of several channels. each chaunel 8hould have its 

own design stora duration corresponding to the drainage area and critical flow 

tiae upstream of the channel being considered [Yen. 1980]. 

the flow path in a drainage basin can be divided into two parts: 

overland flow and channel flow. The total flow tiae, tt' alonl a flow path 

1s the sua of the overland flow tlme, to' and the channel flow tt.e, t f • 1.e •• 

In this chapter all the rimes are in hours. The design duration, t d , is taken 

a8 the lonlest tt. 

In order to co~ute these flow times, the user should first determine 

the channel length, Lc' and overland length, Lo' using topographic maps or 

field survey, from the outlet of the drainale basin (point of interest) along 

the flow path to the upstream basin divide. The elevations at the basin 

divide and at the upstream end and outlet point of the channel, El , E2, and 

E3 , respectively,should also be determined. Next,the overland alope. So' 

is computed as 

S a 

and the channel slope. S , aa c 

in which the lengths and elevations are all in feet or .. ters. 

(2.5) 

(2.6) 

(1) Esti.-tion of overland flow time to -- the overland flow tt.e, to in 

hours, is estt.&ted by the follOWing formula: 

nL 0.6 o 
to • K (is) 

a 
(2.7) 

in which Lo Is in feet or .. ters Dot exceeding 3000 ft (900 a)i So is 

nond1aensioDal (i.e., ft/ft or -/a)i the value of the constant K is liven 

in Table 1; and the surface roughness factor n Is liven in table 2. 

10 



TABLE 1. Values of K for Eq. 2.7 

Light rain Moderate rain Heavy rain 

(in./hr) < 0.8 0.8 - 1.5 > 1.5 
Rain intensity (mm/hr) < 20 20 - 40 > 40 

For 

For 

L in feet 0.02 0.0':'5 0.01 
0 

L in m 0.04 0.03 0.02 
0 

Equation 2.7 is based on the kinematic wave formula modified for composite 

l~nd surfaces of heterogeneous nature (Yen. 1981J. 

(L) Estimation of channel flow time t f -- The channel flow time. t
f 

in hours. 

i.s computed as 

3600 V (2.8) 

in which Lc is the channel length along the flow path and V is the 

channel flow velocity. For English measurement units. L is in feet c 
and V is in feet per second. For 51 units, Lc is in m and V in m/s. 

If there are clear changes in channel slope. cross section, roughness, 

or other channel hydraulic characteristics, the channel part of 

the flow path may be subdivided into segments. or reaches, such 

that 

L c j - I, 2, ••• 

where L
j 

is the length of the jth reach of the channel of the 

(2.9) 

flow path. If the flow velocity of the jth reach is Vj • the channel 

flow time, t f in hours, can then be pstimated as 

L 
j 

3600 Vj 
j - I, 2 •••• (2.10) 

11 



TABLE 2. Surface Roughness Factor n for Eq. 2.7 

SURFACE 

Sm~oth asphalt pavement 

Tar and sand pavement 

Smooth impervious surface 

Concrete pavement 

Tar and gravel pavement 

Rough impervious surfacp 

Smooth bare packed soil 

Moderate bare packed soil 

Rough bare packed soil 

Gravel soil 

Mowed poor grass 

Cultivated rows, no crop 

Average (lawn) grass, 

closely clipped sod 

Pasture 

Cultivated rows, with crops 

Deciduous timberland 

Deciduous timberland witll 

deep forest litter 

Conifer timberland 

Dense gra'3s 

Shrubs and bushes 

LAND USE 

Business 

Semi-business 

lleavy industrial 

Light industrial 

Dense residential 

Suburban residential 

Parks and lawns 

12 

n 

0.011-0.01/. 

0.012-0.016 

0.012-0.015 

0.013-0.016 

0.015-0.020 

0.016-0.022 

0.018-0.025 

0.025-0.030 

0.030-0.040 

0.025-0.035 

0.030-0.040 

0.030-0.040 

0.040-0.055 

0.045-0.060 

0.040-0.070 

0.050-0.075 

0.060-0.100 

0.060-0.100 

0.060-0. 100 

0.100-0.150 

n 

0.015-0.035 

0.025-0.050 

0.020-0.040 

0.025-0.050 

0.030-0.060 

0.040-0.080 

0.050-0.100 



the units of Lj and Vj are the same as Lc and V in Eq. 2.8. 

Computation of the channel flow velocity. V or V
j

• requires knowledge 

of hydraulics and channel geometry. However, when time variation of 

rainfall depth or intensity with duration is not rapid. the approxi­

mation given in Table 3 often yields acceptable design hyetographs. 

Table 3. Approximate Channel Flow Velocity 

Return period Estimated Channel Velocity 

Years ft/sec m/B 

1 4 1.2 
10 6 1.8 
50 8 2.5 

100 10 3.0 

The suggested approximate values should be lowered for channels with 

small slopes or many obstacles. Conversely, they should be increased 

for channels with large slopes or straight clean channels. 

C. Example 

Suppose the local design storm is to be established for use in the 

design of a highway culvert draining the Madden Creek basin near West Salem, 

Illinois. The drainage basin is shown in Fig. 4. The design return period 

is 25 years. Following Seedon A, the procedure to establish the design 

hyetograph is as follows. 

(1) Determine td 

The duration of the design storm, td' is determined following the 

procedure described in the preceding section, Eqs. 2.7 and 2.8 or 2.10, 

and the computation is given in Table 4. The elevationa and lengths of 

the overland and channel of the different potentially critical flow paths 

are taken from' the U. S. Geological Survey 7. 5-lIIinute map, Wes t Salem, Illinois 

quadrangle. This is a rather complicated drainage basin in terms of the 

determination of the critical flow path. This example illustrates that 

the longest path in length does not always produce the longest flow time. 

Nevertheless it usually gives an acceptable approximation of the design 

duration td' which is 0.8 hours from the central path in this case. 

13 



(2) 

(3) 

Determine T 
r 

The design return period T has been specified as 25 years. 
r 

Determine aO 

From the map shown in Fig. I, for the design location a O 
s 0.33. 

(4) Determine the rain depth D 

Since the duration is less than one hour, HYDRO-35 is used to determine 

D. The detail is ~iven in Section III-B. The rain depth for this 

location for 

reduction of 

t = 0.8 hour and T = 25 years is 2.4 inches. No area 
d r 

D is required since the draining basin is less than 8 

square miles (20 km2
) in size. 

(5) Compute the values of triangular design hyetcgraph parameters 

The dimensional parameters are computed using Eqs. 2.1, 2.2, and 2.3. 

a - aOtd - 0.33 x 0.8 - 0.264 hours 

b = t - a = 0.536 hours 
d 

h = 2D/td = 2 x 2.4/0.8 = 6.0 inches/nours 

It should be noted that the peak rain intensity, h, is ~qual to twice 

the average intensity (i = D/t
d

) used in the well known rational formula. 

(6) Construct the design hyetograph 

The design hyetograph from this example is shown in Fig. 5. 

6 -
>, ... 150 

>, ... . ... 
<II III 

100 C So. 4 QJ ~ ... ...... 
c.: . 

c 
c 2 

C 
QJ So. ... ~ 
c ...... 

~ 
I: .... 50 

to 
O! 

to 
O! 

0.264 ~.8 0 

Time, hours 

Fig. 5. Example design hyetograph 
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TABLE 4. Example Computation ot Critical Flow Time for 
Madden Creek Basin ncar West Salem. Illinois 

Flow path West Central East North 

Upstream elev. at 
divide. ft 543 520 491 504 

Elev. at upstream 
end of channel. ft 525 492 481 490 

Elev. at culvert 
site. ft 436 436 436 436 

Overland length 
La, ft 800 1100 800 500 

Channel length 
Le , ft 8600 7800 7600 8700 

Total length 
Lo+Lc, ft 9400 8900 8400 9200 

Overland 
slope, So 0.0225 0.0254 0.0125 0.0280 

Channel 
slope, Sc 0.010 0.007 0.006 0.006 

Basin slope 
S 0.0114 0.0094 0.0065 0.0074 

to' hr 
(n-0.06) 0.32 0.37 0.38 G.23 

Channel flow 
Velocity, V, fps 6 5 5 5 

t f • Lc/V, hr 0.40 0.43 0.42 0.48 

tt' hr 0.72 0.80 0.80 0.71 

15 



III. DETERMINATION OF RAINFALL DEPTH AND INTENSITY 

As discussed in Section II-A of this manual, the rainfall depth or average 

intensity of a design storm can be estimated from NWS atlases or from uS1ng 

actual records and formulas. This chapter presents the use of TP-40, HYDRO-35. 

and rainfall record for this purpose. 

A. Rainfall Depth Determination from TP-40 

The U.S. National Weather Service (NWS. formerly Weather Bureau) Technical 

Paper No. 40 (TP-40) entitled "Rainfall Frequency Atlas of the United States for 

Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 100 Years" 

[Hershfield. 1961] has been widely used by engineers to determine the depth of 

rainfall for storms of specified duration and return period. This publication 

can be ordered from the U.S. Government Printing Office. It is available in 

major public and university libraries. and in many major engineering firms and 

public works offices. Therefore. only the pertinent maps that are used in the 

following example to demonstrate the use of TP-40 are reproduced in this section 

(Figs 6. 7. and 8) • 

There are 49 rainfall depth maps in TP-40 for durations of 1/2. I, 2, 3. 6. 

12, and 24 hours and return periods of 1. 2. 5. 10. 25, 50. and 100 years. For the 

application of the triangular design hyetograph those for 1. 2. 3. and 6 hour dura­

tions are useful. The user should also be aware that for rainstorms with dura­

tion of one hour or less in the central and eastern United States the rainfall 

should be determined from NWS HYDRo-35 which superseded TP-40 for short durations. 

For a design storm having its duratirn or return period different from those 

given in TP-40 interpolation is required. An example is illustrated in Figs. 9 and 

:10 to determine the depth of a 2.5-hour 3O-year design storm at Chicago. Since 

neither 2.5-hour duration nor 30-year return period is presented in TP-40. inter­

polations are required on both duration and return period. First the rain depths 

at Chicago for 2 and 3-hour durations are read from Figs. 6 , 7 , and 8 for return 

periods of 10. 25, and 50 years. respectively. These depths are plotted as 

marked points in Fig. 9 showjng depth vs. duration for different return periods. 

Also read from TP-40 and plotted in Fig. 9 are the depth values for I-hour and 

6-hour durations -- these values are not essential but helpful to improve 
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fit 
U .s::. E u E .5 
c c 

2 .s::. .s::. -- 0.. 0.. 

c! 
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·0 0 
a: a:: 

Duration in hours 

Fig. 9. Rain depth interpolation - duration 

fit 
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~~"";+L-------175 ! 
2.5 hour Duration .-

.s::. .s::. -Q. Q. 

~ 
2 

., 
~------~--~--~--~--~--~--~50 a 

10 20 40 50 

Return Period in years 

Fig. 10. Rain d~pth interpolation - return period 
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accuracy because the depth-duration relation is nonlinear. A curve is then 

drawn for each return period. The depths for 2.5-hour duration are read for 

the three different return periods (intersection points of the curves with 

the vertical marked 2.5 h in Fig. 9). 'mese values of depth are subsequently 

plotted as a function of return period as shown in Pig. 10. The 3a-year 2.5-

hour storm depth can be read from this figure as 2.9 inches. 

B. Rainfr-ll Depth Determination from HYDRO-35 

For rainfall having duration of one hour or le&s in the contiguocs United 

States east of 105°W meridian. the relationship between the depth and duration for 

different return periods is given in the National Oceanic and Atmospheric Ad­

ministration (NOAA) Technical Memorandum NWS HYDRD-35 [Frederick et al •• 1977]. 

Since often design storms have their durations less than an hour and HYDRo-35 

is not widely distributed. the pertinent maps of precipitation depths for 5. 15. 

and 60 minute durations and returns periods of 2 and 100 years for the 37 

eastern states are reproduced here as Figs. 11 and 12 for the convenience of 

the user. Other values are computed from those taken from the maps. Depths for 

10 and 30 minute durations for a given return period are obtained using the 5. 

15. and 60 minute values for the same return period as follows: 

D10 min - 0.59D15 min + 0.41D5 min (3.1) 

D30 min - 0.49D60 min + 0.51D15 min (3.2) 

in which D is the rain depth. For return periods other than 2 and 100 years 

for a given duration the following equation can be used. 

D • sD100 yr + bD2 (3-3) Tz: yr yr 

Return Period, Tr years s b 

5 0.278 0.674 

10 0.449 0.496 

25 0.669 0.293 

50 0.835 0.146 
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For example, the longest flow time of the West Salem drainage basin 

shown in Fig. 4 is 0.8 hour. Taking this as the duration of the 25-year 

design storm, the depth is computed as follows. 

For this location in eouthern Illinois, from Figs. 11 and 12 the following 

depths are read: 

T .. 2 years, 
r 

Tr - 100 years. 

015 min - 0.88 in., 

015 min - 1.71 in., 

060 min - 1.5 in. 

060 min • 3.2 in. 

Thirty-minute rainfall depths are computed by using Eq. J.2, 

For Tr - 2 years, 030 min - 1.14 in. 

For Tr - 100 years. 030 min - 2.44 in. 

Plotting of these values as shown in Fig. 13 gives the depths for duration 

equal to 0.8 hour. 

'" GI 
~ 
u 
c: .... 
c: 

5 
0-
.GI 
"0 

c: ..... 
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Tr - 2 years, 
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2 
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00 0.25 
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0.8 

0.50 0.75 

Duration in hours 

Fig. 13. Depth interpolation for HYDRO-35 
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Therefore, from Eq. 3.3, for O.S-hour duration, 

D
25 

= 0.0669 D
IOO 

yr + 0.293 D2yr • 2.42 in. 

The average intenslty is i • Dltd - 2.42/0.8 - 3.03 in./hr. 

C. Detemfnation of Rainfall Depth Using Precipitation Record 

Sometimes in highway drainage design the user ~y prefer to determine the 

design rainstorm depth from local rainfall record when such data are available, 

instead of using the generalized values from TP-40 or HYDR0-35. The procedure 

involves the following steps: 

(1) Selection ft'om the data for each duration the annual maximum rainfall to 

establish the annual maximum series. 

(2) Compute the return period for each of the events in the annual maximum 

series. 

(3) Perform frequency analysis ~o establish the rainstorm depth(intensity) -

duration - return period relationship. 

(4) Compute the depth for the design return period and duration. 

The most likely precipitaHon data available to a highway engineer is 

probably the NWS hourly precipitation data which can be purchased from the 

NOAA Environmental Data Service, National Climatic Center (NCC), Asheville, 

North Carolina. The data are entered in NWS standard card image format Deck 488 

(T0-9657) as shown in Fig. 14 and available in either card deck or in magnetic 

tapes of the following specifications: 

9-track, 1600 bpi - EBCDIC - Odd parity - phase encoded 

9-track, 800 bpi - EBCDIC - Odd parity - NRZ 

7-track, 800 bpi - BCD - Even parity - NRZ 

7-track, 556 bpi - BCD - Even parity - NRZ 

If the NWS hourly data are used. the user may use the computer progra1D FANHP 

described in Chapter V to perform the data selection, frequency analysis. and 

computation of the depth for the design return reriod. If the design duration 

is not an integer multiplier of an hour. the user should interpolate from inte­

ger-hour duration values. 
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The user should be aware that all the hourly data tapes from Nec have prob­

lems. Three of the most common problems are: 

(1) For each date with rainfall there are two cards with the first 12 hours on 

the first card and the second 12 hours on the second card (Fig. 14 ). 

However, often these two cards are reversed in order. 

(2) The precipitation data are missing for one or more hours. 

(3) The precipitation data for one or more hours are not recorded in the proper 

hour(s), but the accumulated depth for several hours is known and recorded 

in the last of the accumulated hours. 

The computer program FANHP can detect and handle these three data problems 

automatically. 

Other Nce hourly data tape problems include the following. 

(4) One of the two cards of a raining date is missing. 

(5) Both cards of a raining date are missing. This case can only be detected if 

the "next rain date" information in the preceding card is correct. 

(6) The "next rain date" information (last two columns of the second card of 

a date) is miSSing, incorrect date entered, or incorrectly ent~red in wrong 

columns (e.g., in columns 78 and 79), or entered with incorrect symbols 

(e.g., @, !, U, <, 2., 3z). 

(7) First-day cards of ~ month are missing. 

The user should aware that even if there is no data format problem 

there is no assurance that the data entered are correct. For example. a not-so­

uncommon case is the data being entered at incorrect time (1 hour off) during 

day-light savings time. 

It should alsq be noted that the data measured by using Fischer & 

Porter raingages are unsuitable for the analysis of hyetograph because of the 

measurement accuracy of 0.1 inches (2.5 am) instead of 0.01 inches (0.25 mm) 

for weighing or tipping-bucket raingages. 
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IV. USER'S GUIDE FOR COMPtrrER PROGRAM 

SATH 

(Statistical Anal)~1q ~f NWS Hourly Precipitation Data for Triangular ~etograph) - - -

A. Description of the Com2uter Program 

This computer program,SATH, is designed to perform stati~tical analysis 

on hourly rainfall data to determine the parameters for triangular hyetographs. 

The program is specifically designed to accept the NOAA National Weather Service 

(NWS) hourly precipitation data magnetic tape or cards in standard NWS 

Deck 488 format. TD-9657, because this is the most commonly available rainfall 

data to highway engineers. The pro~ram automatically handles and corrects 

the following commonly occurred problems in the NWS hourly precipitation data: 

(1) Identify and correct reversed order of the two data cards of a date; 

(2) Identify and ignore missing data in the statistics computations; 

() Identify accumulated data and exclude them from the statistics computa-

tions because the duration of these rainstorms cannot be identified. 

The program will not proceed if the NWS data tapes or cards contain other less 

commonly occurred data problems. For such cases the user should print out a 

listing of the data, examine the data errors and make proper corrections before 

re-running the computer program. 

From the length of the record of the available data (month and yeax, e.g., 

06-1948 to 10-1978) the user chooses the continuous years (e.g., 1951-1970) and 

the "season" (consecutive months, e.g., June. July. and August) to be analyzed. 

The program will select from the data file the rainfall data for the season 

for each of the years specified for analysis. If the data of the entire year is 

desired, the "season" is January-December. The built-in (default) season 

contains five months from May through September. For a specified season, if 

the entire record length (years) of the data record is to be analyzed and 

the data of the first year and/or last year of the record contain only partial 

months of the season (e.g., the season is April-October whereas first year 

c!ata starts ir. July and/or the last year record ends in August), the program 

will proceed to perform the statistical analysis with the partial season data 

for the first and/or last year and a message will be printed out warning of the 

partial season. 
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The program checks the appropriateness of the data set of the specified 

season and period fr03 the NWS hourly precipitation data file, selects the 

data according to the specified durations of the rainfall, and computes the 

mean depth of all the rainstorms for each specified duration. The data of 

each given duration are further sorted according to the depth into the 

following four groups: 

(1) those rainstorms with depth greater than twice the mean depth, 

(2) those rainstorms with depth greater than the mean depth, 

(3) those rainstorms with depth greater than one-half of the mean depth, 

(4) all the rainstorms for the given duration. 

Since hourly data is used, the duration must be multiple of hours. A max­

imum of six different durations, up to 9-hour duration, can be specified by 

the user. It has been observed that most NWS precipitation stations have one 

or more years for which no rainstorm lasted for 10 hours or longer. The 

built-in (default) durations considered are 2, 3, and 4 hours. Statistical 

analysis for the one-hour duration is not performed since it will give the 

trivial solution of aD - 0.5. 

For each depth group of each desired duration, the program computes the 

values of the following 12 parameters for each rainstorm: 

(a) duration of the rainstorm, t d , 

(b) depth of the rainfall, D, 

(c) average intensity of the rainstorm, i • D/td , 

(d) the first time moment arm of the hyetograph with respect to the beginning 

time of the rainstorm, t, 

(e) the second time moment arm of the hyetograph with respect to the beginning 

time of the rainstorm, G, 

(f) standard deviation with respect to the centroid time of the hyetograph, 

at' 
(g) nondimensional first moment arm of the hyetograph with respect to the 

beginning time of the rainstorm, 
_0 

- t/td , t 

(h) nondimensional second moment arm of the hyetograph with respect to the 
GO 2 

beginning time of the rainstorm, 
1 - C/td ' 

(i) time to peak of the triangular hyetograph, a, 

(j) time fro. peak to end of rain of the triangular hyetograph, b, 
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(k) nondimensional time to peak ~f the 1l0ndimensional triangular hyetograph, 
-0 

a O 
• a/td • 3 t - 1, 

(1) nondimensional time from peak to end of rain of the nondimensional 

triangular hyetograph, bO : b/td - 1 - aO. 

Subsequently. the program performs the statistical analysis of the data to 

comp~te the mean, standard deviation. and range (maximum and minimum) of the 

12 parameters for the rainstorms of the desired depth group and duration. 

The computer program essentially consists of two parts. The first part 

i9 the reading, verification, and sorting of the input hourly rainfall data. 

The second part is the statistical analysis. Most of the computer time is 

spent on the first part. The approximate execution time for an average NWS 

station of 30 years of record and a 5-month season is around 30 service units 

on a Cyber 175 computer system. 

The program is written in FORTRAN IV language consisting of about 700 

statements. It can be implemented on most Cyber and IBM 360, 370, and 4341 

computer systems. It requires no external subroutines and normally requires 

a memory core of about 200K bytes (about 50K words) for compilation and 

execution. The memory capacity requirement varies with the length of record. 

Inquiry concerning the availability of the program should be addressed to 

Dr. B. C. Yen, Department of Civil Engineering. University of IllinoiS, Urbana. 

Illinois 61801 or to FWHA Office of Research & Development. 

B. Input Data 

The input data to run the computer program consists of two parts. One 

part contains four cards specifying the station identification, data form 

(tape or cards). length of record of the NWS data file. and information 

about the statisti~al analysis. Details of these four cards are described in 

the tabular listing of the input data card format presented in this section. 

An example input card set is given in Fig. 15. 

BalO or DAtA 
123456 1190123456 1190123456 1190123456 1190123456 "90123456111901234561119012345611190 

1 IIAMPLI or nOGIAM lAD 
2 01 01lU 

uaaDA,U. 111M 

3 11 60 77 3 6 2 o 
4 2. 4. 

Fig. 15. Example Input for SATH 
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In the following tabular description of the input data, for items having an 

I-format the number must be entered right justified, i.e., the last digit of 

the number must be placed in the last (most right-hand) space allotted to this 

item. For example, if the last year of the NWS precipitation record is 1978, 

the number "78" is entered in columns 19 and 20 of Card 2 since thi,J item is 

allotted a space 15, from column 16 to column 20, of the card. A d'!cimal point 

must not be used for a number having an I-format. For a number with an F-format, 

it is suggested that a decimal point be always specified and the number with 

the decimal point can be placed anywhere within the space allotted to this 

number. For instance, for a space of columns 21-25 allotted for F5.0, if the 

number is 12, one can enter this number as "12." or "12.0" anywhere between 

columns 21 and 25. 

The other part of the input data is the NWS hourI': precipitation data 

tape or card deck. This hourly data file is in the standard NWS Deck 488 

card image format, TD-9657 as shown in Fig.14. Unless hourly precipitation 

data modification is necessary, the user Gep.d not be familiar with this NWS 

hourly data format. The NWS precipitation data can be purchased from NOAA 

Environmental Data Service, National Climatic Center, Asheville, North Carolina 

28801 in magnetic tape or card deck form. Theoretically. the NWS hourly data 

are directly applicable to this computer program because it is specifically 

written for such data. However, the user should be fully aware of the problems 

that commonly occur on NWS data file as described in Section III-C. 

The NWS data are in English measurement units. However, the printout of 

the result of analysis can be in either English units only or in both English 

and SI units as the user desired and specified in column 35 of input Card 3. The 

program actually accepts SI unit input for which the printout will also be in 

SI units. 

Figure 16 shows the input card deck arrangement. 
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Card Card 
Number CollDllll 

1 *** 
1-40 

41-60 

61-70 

2 *** 
1-5 

6-10 

11-15 

16-20 

21-25 

Format 

40Al 

20Al 

110 

Description 

Identification Card 

User defined title, up to 40 alpha­
numeric characters are allowed. 

Name of the station. 

Identification number of the 
station. 

Input RainfaU Data IY'..foY'FlYltion cmad. 

15 

15 

IS 

IS 

15 

Input data form 
Leave blank (or enter "0" in 
Column 5) if the input hydrologic 
data are on a magnetic tape. 
Enter "1" in Column 5 if the 
input data are on cards. 

Measurements units of input data 
Enter "1" in ColulDQ 10 if English 
units are used. 
If 81 units are used, enter "2" 
in ColUllll 10. 

Data checking 
Enter "I" in Column 15 if the input 
data have been corrected for mis­
placed, missing and accumulated 
records. 
Enter "0" in Column 15 if the data 
have not been corrected. 

The last two digits of the last 
year of the hydrologic record of 
the data file, e.g" "78" for 1978. 

Two-digit representation of the 
last month of the last year of the 
hydrologic record, e.g. , ''07''. July. 

42 

Variable Default 
Name Value 

*** 
TITLE (blank) 

STATIO (blank) 

NUMBER (blank) 

*** 
KIND o 

MU 1 

MISS o 

LYR None 

LMR None 



Card Card 
Number ColUllln 

3 *** 
1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-35 

Format Description Variable Default 
Name Value 

Data Analysis Information card *** 
15 

15 

15 

IS 

15 

15 

IS 

Number of years of the period t~ 
be analyzed, e.g., "20". 

Last two digits of the first year 
cf the period to be analyzed. It 
must not be earlier than the first 
year on the record fi Ie, e. g., "sr' 
for 1951. 

Last two dIgits of the last year 
of the period to be analyzed. It 
must be the same or earlier than 
the last year of the record file, 
e.g., "70" for 1970. 

Number of months in the "season" 
to be analyzed. Minimum is one 
and maximum is 12. Default value 
is "5" for the 5-month seasoo. 
May-September. 

NYR 

lFIRST 

LASTYR 

First month of the season. e.g.. IMS 
enter "4" in Column 25 for a 
season starting on April 1. 

Number of precipitation durations NXL 
for which statistical analysis will 
be performed. maximum is 6. Default 
value is "3" for durations of 2. 3, 
and 4 hours. 

Printout measurement units. IPRSI 
If the desired measurement units 
in the printout are the Bame as the 
input (1.e .• English system input 
data and English system printout. 
or SI input and SI output) enter 
"0" in Column 35. If the input 
is in English units and the desired 
printout is in both English and SI 
units, place "1" in Column 35. 
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None 

None 

None 

5 

5 

3 
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Cal'd Card Format Description Vuiab1e Default 
Number Column Name Name 

4 '*** 
1-5 

5-10 

11-15 

26-30 

C. Printout 

Durations of Preoipitation 

F5.0 

F5.0 

FS.O 

Enter the first precipitation 
duration, in hours, to be analyzed, 
e.g., "2." for 2-hour duration. 

Second precipitation duration, in 
hours, to be analyzed, e.g., "3." 

Enter successive durations to be 
analyzed, each in the 5 columns 
allotted, until all the durations 
are specified. The total number 
of dur~tions must he the same as 
that specified in Column 25 of 
Card 3. Although not necessary, 
it is suggested to enter the dura­
tions in un ascending order. The 
default durations considered are 
2, 3, and 4 hours. 

'*'** 
XLLl(l) 

XLLl(2) 

XLL1( ) 
XLL1( ) 

The computer printout after running the program contains three parts. 

The first part concerns with the input NWS hourly data, including the location 

and identification number of the raingage station, the period of record, and a 

listing of the missing and accumulated data in chronologi~al order. 

The second part of the printout contains statistical analysis results 

in tabular form, one table for each depth group of each duration. listing the 

mean. standard deviation. maximum and minimum for each of the 12 parameters 

described in Section A. The number of rainstorms used is also given for 

each table. The number of tables in this part is equal to four times 

the number of durations analyzed. 

The last part of the printout is one table containing a summary of the 
o -0 It d results in terms of a • t , GI and the number of storms for each duration an 

depth group of rain storms analyzed. 

An example of the printout is shown in Fig.11. This example pl'intout 

corresponds to the example input shown in Fig. 15. 
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2. 

3. 

4. 
None 



JCL End Card 

...-!: 

~NWS Hourly Precipitation Data File 

L Card 4 - Durations -
c= Card 3 - Data Analysis InfoJ'lllation 

~ Card 2 - Input Rainfall Data Infonnation ~, 
C Card 1 - Identif;catin Card 

,::?' --
JCL Cards 

~ 

r--

-

Fig. 16. Input data deck arrangement for execution of SATH 
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D. Listing of the Computer Program 

PROGRI'IH SIITH( I NP::'. INPUT .OUT3. TEI'1. TM'E3:INf'2. 
1 TI'IPE5-INPUT.TAPE6-0UT3.TI'IPEI0-TEI'1) 

c •••••••••••••••••••••••••••••••••••• *.****., ••• ".",*.,.*,.:t.********* 
C 
C COI'1PUTER pr<OGRAI'1 FOR STI'ITISTICAL ANALYSIS or NWS HOUI,LY 
C F'RECIPITATIOtI [lATA FOR TRIANGULIIR HYETOGkllPH 
C 
r fOR ANY INFORI'1ATION REGI'IRDING lHlS COMPUTER pnOGHIlM. THE USEk 
C SHOULD REFER TO CHIIPTER IV Of VOl.. I I I / usn:' S MANUIIL) 

c 
c****_,,_, •• __ * __ ,_*.********.*.***********.*****.********"*'*****,.". 
C 
C 

c 

DIMENSION X(9000) .0(250).P(;'50.6) ,F'A<::!200.6) .1'1(2200) 
OII'1ENSION MONTH(t2).IT(24).lpr24),XLL1(6) 
ItIMLNSION STATS( ~j). tlO'J<:!), liME (5). TSTIITS( 11. 4) 
DIMENSION 9U(lB),ICIIRO(2).NCARD(2).R(4.4.4),JP(24) 
IHTlGER STATtO/20) .TITLE(40) 
COMIlllN/HI'IMONSI tllll1l:1'1 ( J.?) 
CO~MnN/NAPARS/NIIPAR(6,12) 
I:OMtlQtUHIIUNlS/Nl\lINTl (2,12). HAUNT 2 (2.12) 
COMt1mI/NIlPl. S INIIPL (6.4) 
1:llhll£ltJ/t'/,\lIGSI NIIIIG (4.,,) 
Hit c', 
100ll ci, 

t.l'* 1 Nf'IJr 1 
1':f.f'oI.Ir IN1.l0l0) TITLE.STI\TIO.NUMIlER 

C It.;x* 
C 
f 1 t:~ INPIlT 2 

HE'Ill (INt. J 015) K[ND .I'1U.I'1ISS.L YR, UIR 

(; *** 
f' 

C *** ItJPUT :3 
REIIO (ItH. 1020) NYR. IFIRST ,LASTYR. NI'IO. II'1S.NXL. IPRSI 

r:: u* 
(: 

I *** INF'UT " 
~EAD(IN1,102~) (XLL1(1).I-l.NXL) 

c 
C ECHO OF DI\T~ 
r. 

WRITE(IOUT.I005) 
WRI1E(IOUT,1006) TITLE.STATIO,NU"~ER 
"'RIlE (lOUT. 1007> I(INP, I'1U.I'1[SS.L Yf;.L"R 
WRITE(IOUT,100B) NYR.IFIRST.LASTYR,N"O.I"S.NXL,IPRSI 
WHITE(IOUT,100~) (XLL1(1).I:l.NXL) 
DO 101 1"1.""0 

101 "ONTH(I)=IHStl-l 
C 
C DEF~ULT VI\LUE 
(; 

IF(N"O.LE.O) ""0-5 
IF(I'IONTH(l).GT.O) GO TO 110 
[oU 105 1=1.5 

105 "ONrH(I)~4.1 
110 !F!NXl.LE.O) NXL-] 

1FIXLL111>.GT.0.) 00 TO 115 
XLl.l ( I. ),,:'. 
XlL1(;~I·'J. 

XLI 1 :~)"4. 
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11 ~~ l"if -,1 • 
/'11 ·MONTH(!) 
t' .'/1UNHH MHO l 
~R1T(I[~Ul.1060l 

~'I'.i II < JOUT, 11)!>5) STIITIO,NUHBER 
WRITE<IOUT.l070l IFI~ST.LIISTYR.MYR,Dl,NIIHON(Hl),NIIHON(H2) 

WHITE<IOUT.l0bOl 

I'II;,~"O 

r Z·~':! 
I I YH1=LIISTYF:+1 

IN:>c'j 
I: It 111;':<!"*NI'I~*"O 
IF(lDII1X.GT.9000) WRITE(IOUT,1011) 
):U I'll 1I"t.LU (ll 
XLU1I\X~() • 
(1) 120 I=I.NXL 
'-(YlLl(Il.LT.XLLHIN) XLLHIN-XLL1(I) 
IF(XLL1(II.GT.XLLHIIX) XLLHAX~XLL1(I) 

120 CONTINUE 

c 

IFCKIND.En.O) IN2=~ J,.,,, ~.) 
1:~~'. ltf) 130 1~1, IlllHX 
UI' X( I) -'0.0 

12~() 

110 
IFCHISS.EO.O) GO TO ~3~ 
NNt'~· 
II· (1111.EO.2) GO TO 220 

G *#~ IlIfUr HOURLV PRECIPITIITION DIITII 
NNI"1 

~05 DO 210 II=l.IZ 
HEMe( 111:', ~!OO~) NUI'I.} VF: .11'10. lIlY. (x( 1+12) .1-1.12).11'1)([1'1 

210 12=12+12 
C u* 
I: 
:'I~j IFlNUI'I.NE.NUHIIEH.OR.lI'IR.NE.O) GO TO 216 

[HR=THO 
1 Yl.F:= IYR 

2H. IF (IIUH.EO.NUtUIER. IIIftt. I 'fR.GE. IFIF:5T • liND .11'10 .GE .IU 
1 .~ND.II'IO,lT.tt2) GO TO 320 

1 ~~ =0 
~n 10 (205.220) ... Nl 

r: (' *'* INPUT liUUf,L'I' PRECIf'lTIITION [tIlT/\ 
220 no :25 rI~I,I7 

RLAl!( 1If2, ](10) NlI". IYR. 1"0. lIlY. ()« 1 H 2),1 -10 12) • INXD~ 
2:5 12'''I~~t;~ 

C .U 
I' 

GO 10 215 
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c •••••••••••••••••••••••••••••••••• 
C 
l: 
C 
t: 
C 
C 
C 

THE ST~TE"£NT IN THE FOLLOWING SIXTY LINES IS FOR THE ~URPOS£ TO 
CORRECT HOURLY PR[CIPIT~TIDN D~T~ 

1. CORRECT REVERSED D~T~ C~RDS OF ~ D~Y 

2. INDENTIFY ~ND IGNORE "ISSINO D~T~ 
3. INDENTIFY IICCU,.UlIITED I'M~ ~NP SET THEI'I TO 9E ZERO 

c •••••••••••••••••••••••••••••••••• 

c 

:ZlO "'~>=() 

I..,U"O 
IF(I'IC3.NE.0) GO TO 235 
D~T~ KKK /3H- I 
111\"11'1 liNN /3HO- / 
D~TI\ N~~ /3H I 

235 IYY"'KI\K 

f", INPUT HOURLY PRECIPITI\TION P~T~ 
NN1 '0,1 

:''10 [II.) 245 IJsl.1Z 
r:E~D( III 2 , 2015) NUI1, IVR, 1"0, IDY, IC~RP( IJ), (J T< UK2), 1-1,12) ,HOve II) 

245 KZ=-K2+12 
C •• , 
r: 

1\2=0 
IF(NUI1.N[.NU"BER.OR.II'IR.N~.O) GO TO 2~8 
H1R" 1110 
rYER-lYR 

248 IF(NU".EO.NU"BER.ftND.IYR.GE.lflRST.~ND.II'IO.G(.~l 

1 .~ND.I"O.LT.H2) GO TO 260 
GO TO 240 

C ... ttlPUT HOURLY PRECIPITATION DMI\ 
250 DO 255 II-I,ll 

RE~U(lN2,201S) NU",JYR,I"0,IDY,IC~RD(II),(IT(I+K2).I·I.12).NOV(JJ) 

255 K2=1I.2H:.! 
C , •• 
C 

1(2'0 
?60 IFCICI\RD(l).EO.l) GO TO 270 

WRITECIOUT.3005) IYR,I"O,IDY 
[10 265 1-1.12 
IP( I )-IT( 1+12) 

?6~ IP(I+121 D IT(I) 
W)((IY ,"NOV ( 1) 

NCr'lt~l)( 2) .. ICftR[l( 1) 
Nt~R[l(1)·IC~RD(2) 

GO TO ::!90 
:!IO 1'0 ;.>75 I; 1 ,24 
:'/5 IP(I)"IT/I) 

I/IIXlIt .. tW')( 2) 
NC~~D(1)~(C~RII(1) 

NC~RD(:):IC~R[lC2) 
280 1)0 281 1-1r24 

IF(IP(J).NE.NBB) GO TO 281 
"'.:ITl: ( lOUT, 3010) lYR, 1110, IDY. ( IP( J) ,J-l, 24) ,IHICDY 
GO TO 282 

:un I:ONTINUE 
:tn? IF( IYY .EO.NNN .ftND.IP( 11 .NE .I(I(k .I\NDolP( 1).HE .NHH) GO TO 283 

GO TO 284 
283 IP(l)."kK 

Itolft"l 
28.. ['0 ::!85 1-1,23 

IFCIP(I).EO.NNN.~ND.IP(I+I).NE.NNN.~ND.lP(I+l).NE.kKK) GO TO 286 
GO TO 285 

286 IND-\ 
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[.11 ::!El7 J.l.24 
307 JP(J)·IP(J) 

JI' (J +1 ) -KKK 
:!O:> CO~ r J NU~ 

1.(INP.[O.l) WRJTE(IOUT,301~) IYR,IHO,JDY,CJP(J).J-1.24).INXDY 
IYY~JPC:!4) 

1I-W·0 
i{I:.WJN[t 10 
'~i~TlI-:< 10,2020) I IP( 1),1"1,24) 
RE.WHf(. 10 
1~(HU.[O.2) GO TO 290 
REA[tll0,2025)(XIJ+J2),lzl.24) 
l=''' 1 ~.+~~ 
HO TO 3:'>0 

:'Vl' 1;1:(,[1(10.::>030) (X(I+12).I"t.24) 
L'''I:'>+~'~ 
n.) Tli 320 

C *****, •••• *t •••• * ••••••••••••••••• 
c 

c 
r CHErI( IF 11' IS LI'IST MY OF SPECIFIElJ SEIISON 
C 

c 

IF(IN~[lY.EO.l.AN[t.IHO.[O.H2) GO TO 405 
rF(IN~[lY.EO.l.I'IN[I.IHO.EO.L"R.I'INO.IYR.EO.LYR) GO TO 405 
GO TO CJO/).310.2S0).NNI 

C __ • INPUT HOUkLY PRECIPITI'ITION OI'lTI'I 
300 [10 305 II-l.IZ 

,((:1'11)( IN2. 2035) IYR. I"O.IOY. ex (1+12,.1-1.12). INXDY 
3()5 12=12+12 

C , .. * 
I: 

c 
I; 

l 

(; 

t; 

_.'" 310 

315 .... 
;':'0 

GO TO 320 

INPUT 1t0URLY PREC1PITI'I1I0N MTI'I 
DO 315 JI=lolZ 
Ie[ A1H IN2. 2040) IYR. IHO. lOY. (XC 1+12).1-1.12). INXDY 
12=I2+l2 

IFCII.GT.O) GO TO 295 
GO Toe325.335.325.330.325.330.325.325.330.325.330.325).I"0 

325 NUHDY .. 31 
0('1 TO 3040 

330 "UHDY=.40 
GO TIJ 340 

335 ,(1=IYR 
X2=IYfV04 
X3=XI/4. 
IF( X2. EO. Xl) NU"DY-29 
IFeX2.NE.Xl) NUHDY 3 28 

:HO U"(NU"DY+l-IIlY)UTT 
00 TO 295 

t IDENTIFY EllrH RIIINSTDRH fIND COMPUTE ITS P~TER6 
C 

40S LC-O 
11C21 
M(;-=1 
DO 475 1-1.12 
IFeX(I).OT.O.) aD TO 410 
lFeNe.HE.HC) GO TO 420 
GO TO 4"1:) 

4LO IF(LC.OT.O) 00 TO 415 
NC=HC+l 

415 LCrLC+1 
O(LC)·X(I) 
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IF(J.ED.l~l GO TO ~20 
GO TO ~7~ 

4:'>0 11 CLC.Gl.XLLHJN.IIN[I.LC.LE.XLLHI'IX) GO TO 471 
100 Til 47'" 

471 SlIrH-"O. 
J'Ll:~Le 

(.u 4:>5 J= 1 d. C 
4~~ RUH1-~UH1+D(Jl 

P(HC,l)~!:iUHl 

f"I'\C~"SllHl/[11. C 
~ll""' .. ':'"':(). 
,>II.i:~ "0, 
(10 ~30 J"'l.LC 
X-I".I 
f,IIH:' ,·SlIH:i+lI(.J' * (XJ-O.:;) 

.13(, ",IJM3:SIJH3HIC J '* (XJ-O. 5 )*( XJ-O. 5) 
\' 01(: ,:11 ,,5UH:>/5UHl 
IFCP(HC.2l.LE.(VLC/3.0» GO TO 435 
[\ (P(HC.2).GE.12.0*[ILC/3.0» GO TO 440 
Goro 4~5 

H5 f'(HC.5)-0.0 
GO TO 4~10 

440 P(HC.5)"LC 
IjLl TO 450 

445 r(Hc.Sl-3.0*P(HC.2)-LC 
450 PCHC,3.=SUH3/SUHl+1./12. 

f;~,r:WrSUH3/SUH1-f'( He.:!) *P(HC.2) 
JF(SKEW-0.0)4S5.455.460 

4S~j "(HC.4).,0.0 
GO TO 470 

460 IFIDI_C.NE·.DTl GO TO 465 
POle.4 )"0.0 
1>0 10 470 

465 P(HC,~)=SORT(SKEW) 
470 PCHC.6)=DLC 

'1C=HC~'1 
474 LC~O 

c 

c 

... :'5 1;(I1H I NUE 

HC1~MC-l 

IF(Hel.EO.O) GO TO 485 
[10 490 r .. l.6 
110 "'flO J=l.HCl 
HCJ3=HC.HJ 
IFCHCJ3.GE.2200) WRITE(IOUT.4007) 

490 PI'ICHC3tJ,Il.P(J,I) 
HC3=HC3+t1Cl 

C CHECK IF IT IS THE LIIST YEI'IR OF THE PERIOD TO 8E I'INI'ILYZED 
e 

4BS IFCIYR.LT.LI'ISTYR) GO TO 125 
NHT1·U"~ 
NHT2 .. LHR 
WRITEIIOUT.40(0) NI'IHOH(NHTl),IYER,NI'IHON(HHT2).lYR 
NHT3-HOt41H( 1) 
NH14-HON1H(NHO) 
WRITE(IOUT.4001) NI'IHOH(HHT3).NI'IHON(NHT4).IFIRST.lI'ISTYR 
IFCIHR.lE.HONTH(ll) GO TO 502 
IMH1~IHR-l 

"'RIlE ( IOUT,04002. NI'IHON(NHTJ) .HI'IHONC IHRl) .IYER 
502 IFCLHR.GE.HONTH(NHO» GO TO 503 

LHF:l-LHRtl 
HNHO"HONTH(NHO) 
WHITE< JOUT. 04003) NI'I"ON(LHRl) , NI'IHON(HNHO) .L VR 
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e 
C PERF"ORH otlE:-WflY FREOUENCY I'INl'll YSIS "N " SUBSET OF 
C SF·EeIFIE'l. ['URI'ITION OR DEPTH GROUP 
C 
503 lLHECK=O 

"ME(5)~1,OE::?O 

ill1E( 1 )rO. 
'.IUP'~99Q9 • 
In IHI'I'\= :.'::?OO 

:'Ffl··O • 
•• " ~.;'(\ IIUHT1=1tNXl 

!.10 ;"OtlTI NU[ 
lIlLuXLl.l <NUHT1) 
~:1·,1) 

If' (I(;Ul:CK. NE:. 0) GO TO 520 
~lfllTE (lOUT ,5005) NI'IHONCl1l' ,NI'I110N( 112) ,STI'ITIO, XLL, IFIRST ,UISTYR 
[10 515 I~1 ,He3 
lHPI'I<I,6'.NE.XLLl GO TO 515 
1'1(1)=1,0 
1\1·K1+1 

515 CONTINUE 
Ht:I TO 5'"'0 

5:!(I DUl "[IH~ (5 I 
DI.I."nHI: C ICHECK+1) 
IFCIPRSI.EO.O.I'IND.HU.EO.l) GO TO 525 
If (lPRSI.EO.0.I'IND.HU.EO.2) GO TO 524 
IFCHU.EO.l.I'IND.IPRSI.NE.OI GO TO 525 

574 IrCICHEC~.EQ.l) WRITE(IOUT,502~' NI'IION("1),N""DNC"2).ST"TI0,XLL. 
1 DLL1,DUP 

IFCICHECK.EO.2) WRJTE(JOUT,5026) N""0N(Ml),N"MONCI12).STI'ITJO.XLL. 
1 DlLl ,DUP 

IF ({CHECK. 1..0. 3) WRITE( lOUT .5027) N""0N(I11) ,NI'I110NC "2) .9TI'ITI0. XLL. 
1 [ILL1 ,hUP 
au TO 530 

525 IF(ICHECK.EO.l) WRITE(IOUT.5020) NI'I110N("1).NI'I110NC"2).STI'ITIO.XLL. 
1 DLL,[lUP 

IF(ICHECK.EO.2) WRITE(IOUT.50211 NI'I"ONC"I).NI'I110NC"2).STI'ITID.XLL. 
1 DLL.[lUP 

IFCICHECK.EO.3) WRITECIOUT.5022) NI'I110NC"II.NI'I110NC"2).STI'ITIO.XLL. 
1 DLL.DUP 

5~O DO 535 I-l.I1C3 
IF(PI'ICI,61.NE.XLL.OR.PI'I(I.1).LT.DLL.OR.PI'ICI.1).GE.DUL) 

1 GO TO 535 
1'1(1)"'1.0 
I\I-K1+1 

535 COt/TINUE 
5'"'0 [10 550 NUI1T=1.5 

N[IPI'IR"'NUI1T 
CALL TI'IBl (PI'I.I'I.NOPI'IR.STI'ITS. IDIHPI'I' 
IFCNOPI'IR.EO.l) DI1EI'IN-STI'ITS(2) 
IFCIPRSI.EO.O) 00 TO 5"5 

545 DO 539 J-2,5 
J] ".1-1 

~39 TSTI'ITSCNUI1T,JI).,STI'ITSeJ) 
550 COtlTI NUE 

IFUtLJ.EO.l) 
lWf~lTt<lOUT .5010) (NI'IPI'IRC 1,1), r-l .It), (NI\UNTt <I', t), 11-1.2). 
2 XLL.ZER,XLL,XLL 

IFCI1U.EO.2) 
lWRITEClOUT,50tO) CNI\PI'IR(r,1I,r-1,It,,(NI\UNT2crl.11,Il-1,2), 
2 XLL.ZER,XLL,XLL 

TSTI'ITS(9,1).XLL-TSTI'ITS(5.1) 
T5TI'IT8(9.2,-T8TI\TSC5,21 
lSTf\TS(.,.3)-XLL-TSTI\TSe5.4) 
TSTftTS(9,4)-XLL-TSTI\T8(S,3) 
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110 ')'1;' .1." 4 
151ATS(B.J)~T5'ATSI5.J) 
1~lATSI~,J)·lSTArSI4.J) 

15TA1S(4.J)~ISTAT~(J.J) 

T~IA15(3,J\·'5'ATS(2.J) 
T~rAT5(2,J'·r5rAT5(1.J)/~Ll 

I !:I "In;('/o J \" 's TAT513. J)/)(LL 
1 h TATSI 6. ,I) = T~: fATSI 4. J)/.Ll/KLL 
r'" AT~i ( H. ,I) ~ l(iTATS(B, J) iXlL 
l\,IIIT,,( 11 .,JI"T!nIlTS(9,J)/)(L.L 

::,4:' CIlIIl I t'Ul 
llU ~," S "~I. I 1 
"4"I~i 1 
If( tIll.' 0.1 ) 

JIll:' n. ( LOU1 • ~,010 I (NAI"I'Ir;( IS, ,,4),1')= 1,6), (NI'IUNTl (1\5.1\4) .1\5&1,2), 
2 (TSTI'ITS(/\.1(3) ,,,3=1,4) 
If (MU.lO.') 

11.11:1 TLI lOUT. 5010) (NI'IF'lIrH 15.11.") • 15"1,6" (NI'IUNT2 (/,5 .1\4) ,,,5-1t 2), 
~ (TSTIITS(I\,K3),,,3p l,'1) 

543 CONTINUE 
JCI.~tC"ECK+1 

rl (I(I.Gl.0) GO TO 558 
f:( NUMll dCH, 1) :'-9. 
,: (IJUI111, JeH, ~) =-9. 
R(NUMTl,JCH,3)~-9. 
,,(NUMT 1, JCll. 4) =0. 
GO TO 559 

~~,1:1 1:INlJI1Tl,JCIf,1)=-TSTIITSI10,1) 
H(NUMT1,JCIf,2)=TSTIITS(7,1~ 

f(NUI1Tl,JCH,3)=TSTIITS(6,1) 
R(NUI1T1,JCH,4)~"1 

5~~ WkIT[(IOUT,SOI5) 1(1 
IF(MU.NE.l.OR.IPRSI.EO.O) GO TO 544 
If(ICIfECK.NE.O) DlLlc~lL'25.4 
IF ( ICHECt<. NE. 0) [lUll "OUl.25. 'I 
JlL) ~;4i' 1\5=1,2 
[10 :54;' ~:6··1, 4 

~47 lSTI'ITSIKS,I<.6)=TSTATS(K5,K6).25.4 
IF ( leHECI<.. EO. 1) WRITE I IOUTt 5025) NAI10N (111) ,NI'Il1lltI(12) • STIITIO. XLL, 

1 liLLI, IlUP 
HI 1(:HECI<.. EO. 2) WRITl( lOUT ,5026) NAI10N( 111) .NII110N( 112) , S'jl'lTIO, XLL, 

1 OLL1,IIUP 
11- (lCHE:CI<..EO.3) WRITEC IDUT.5027) NI'IHOIHI11) ,NII110N(112) ,STI'ITIO,XLL, 

1 [ILL 1. IOUI' 
IF(ICHECK.EO.O) 

lWRIlEIIOUT,500S) NI'I110N(111),NI'IMONCI12),STIITIO.XLL,IFIRST.LASTYR 
WRITEIIOUT,5010) (NIIPI'IR(I,I),I=I,6),CNIIUNT~(11,1).11-1.2), 

[10 546 "=1.11 
K4"'''tl 

XU .ZER,XLL,XLL 

WRITE (lOUT ,5010) (Nl'lf'''R( 15, K4), 15-1 ,6), (NAUNT~( K5,"4 I .K5-1,2" 
1 (T5TI'IT5(K,K3),1\3-1,4) 

546 CONTINUE 
WRITE(IOUT,5015) 1\1 

544 DO 560 1-1,I1C3 
560 1'1(1)=0.0 

IT (rCHEC".NE..O) GO TO 555 
DME(2)=DMEI'IN.O.5 
)'O~IL \:5 ) "tot1EAN 
DhE(~'~2.0«DHfI'lN 

5:;:; If'( ICHECK.EO.;:!) GO TO 565 
TCflECK~ ILHEClHl 
Hllt:HEc:t>:.LT.4) GO TO 510 

~6::' It;tIECI\"'O 
':>70 cOIn JNUE 

IoIEII E I lOUT, 5040) NAMONC M1 ) .NI'I"ON(112) ,STI'ITID, IFIRST ,LIISTYR 
1 ,IXLL1<IltI=l,NXU 
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WI,T1( JOUT,5045) 
IIi) 5';,' l.,~t,,, 

1111 ~,j] ) :'c I .4 
LII; I 1[( It'liT , ~,O~O) 

1 
I n,H ] NUE 
1011-;1 rH IIJUT .504:~ I 

(No'II'L (J~. 13) • J~= I .,,) • (NI'IlIG( J:'. I:! ) , J2= I .4) • 
(R(Il.r2tI:H.II~1./jXll 

!""17~) rt,Nl1NU[ 
I. 
l\)O~, I lIlm"I (40X,I:>HErHO or III'ITI'I,1t 10X.B<l01l1234567890),1t 10X,80 

I ( 1 II .. ) , I ) 
1006 rn~MnT(10X,401'lI,~Ol'll,II0) 
10(\7 FIJI:MAI (lO)(,~I~') 
IOOH I (I';'1,;r(IOX,7I~) 
1'.)09 l:l"I:MAT( 10X,t,F5.01 

l('JI,) tIlHMfII(40,H.;:?OA1.1l0) 
lOll f llhHAI (/rlI)X,~5HIIIH[NSION OF I'Ikf<I'IY )( [)(CErfiS LlMITS,/l 
1(,1~ FOf';"'''T(~jI~,) 

, O~'O nlt:MIIl (/I~') 
1')~~' FIIHMIIT (,'F5. 0) 
104:, r nHt11'11 ( I.::i( lIt*) • 3X. 38HEkROFl- "-NUIHIER OF t10UTHS I N THE S£I'ISOII, 

1 JX,:;( !ft*)./) 
1 (I~;O f or~t1" l (I,:; ( 111*) .3)(. 44IiERFWR---NUME<Ef: or TII1ES ONE-WI'IY rREQUENCY IS 

1 ,1loH TO liE "OWORt1EII,3X,::;,( IHt) ./) 
10::;5 rORMfll<l,::"(.H*),3X,3BHERROk---HUt1EtER OF RI'IINSTORM PI'IF;I'IMETERS, 

I JX,5( IU*>.I) 
1060 rukMflT \ llU ) 
lOb:, f'ORI1I'1T(:'S<I)':'9X,42HS'I'ITISTlCI'IL I'INI'ILYSIS or PRECIPIll'llION DI'ITI'I/ 

1//129y.20ll1,IIOI 
1070 fn""l'Il(/I!126~.:'1119tI2.6H TO 19.12.:'H, 012.19H YEI'IRS OF RECORD OF. 

11'5.2,1011 IIOUR D~'II//1/42x,6Ht10NTHS.3X.I'I3.1H-,I'IJ/) 
;!005 FlJF;l1t'11 (lb, 312,1)(.121'3.:'. :,c;.-x, 12) 
2010 FORH~T(I6,3J2.IX.l!F3.1,~9A.(2) 
:'(l1~J rllr:I"/\T( 1, .. 31:', 11 .I:OI\:~.29X. 12) 
~020 FO~"'IIT(24~~) 
'n~~ rU"~t'\T(21r3.2) 

~0~0 fO~~nT(24rj.11 

'(J:'.~ ~ Ct.:MA' (b",~'\]:~,JX,12F3.2,29X,(2) 
~040 FO"~~T(6X,JI2.1~.12F3.1,29X,I2) 

11\()~i FIJf:H~T(:'3H ** f:E~'lRSE[, [lflTIl ** 19,12.214) 
~010 F(lRMI\T(~:H •• t1ISRING DATA ** 19.12.214.5X.241'13.10X,12) 
'I'J~i F 0F,"'''1 C,'bH ** IIC('Ut1ULIlTED DflTI'I ** 19012.214.5X,241'13,10X,12) 

4000 FORMAT(III0X,16I1LENGTH OF RECORD,lX.l'Il,3H 19,12.3H - • 
1 II,~. 311 19. J 2, I ) 

4001 ror:MI\T(/1C'\tl~,IIF'EfilQ[1 I'INflLYZHIr3x.,.3.3H - ,I'I3,IH,,3H 19. 
1 1:,3H ... 2H19.I2./) 

liN';' f'()F:M(,1 <l10)(,2VIWI'IRTIAL SEI'ISON NO DI'ITI'I rOR , 
1 I'IJ.]H - ,AJ,3M 19,12/) 

'100.5 FOFIMI'IT<llOX,;:>9HPllrO 1 i'lL SEI'ISOII NO III'ITI'I FOR, 
1 113,311 - .IIJ.3H 19,12/) 

4()07 r[ll;M~T</.::;~.5( IH*) .36IiWI'IRNING: DI"ENSIDN OF I'IRRI'IY PII I'IND 1'1, 
1 15H EXCEEDS LIMIT .11) 

~005 rORMAT(/I.b)(,5HTII~lE,~X,fl3,lH-.1'I3.53H RI'IIHSTORt1 FROM HOURLY PRECIP 
IlT~TION DATil AT STIllION .4X,201'11oh17X,13HDURIITION TD '',F5.103H HR 
~.~OX.3H(1?,12.3H-19,12.IH).I.l)(,100(IH-).1,6JX,aHSTI'INDflRD,/,lX, 

39HF''''RM1ETER, 191<, 4HUNIT. 19)(. 4IlMEIIN,6X. 9HDEVIIIT ION. 8X, 7HI11 II I IIUII , 8X, 
"'IIMIIXlMUr1o '.IXdOO(lH-),/) 

5010 F0RMIIT(IX,6A4,4X.2~4.4X,4FI5.3) 
~,Ol ~J F' o1kMIIT( tOOl IH-). /t 28X ,:'i( lit*" JX • 22HNUMlIER or RI'IINSTORI1S ., 

1 16,3~,~(IH*),4(/» 
:,1)20 FORMI'lT<I/,6X,~HTI'I~lE,4X,1'I3,IH-,1I3.53H RI'IINSTORM FROM HOURLY PRECIP 

lITI'ITION ['IITI, ~T STI'ITION .4X.201\1./ol7X,13HDURIHION TD .,F5.103H HR 
:!,ltI7'(,2{;Hf:I'lIHFI'IU [IEf'TH RIINGE,F7.3,4H IN.,IOH (HEI'IN/2) • 
313H <: = IIEf'TH ..;: ,f7ol .4H IN., I, IX .100<1H-" / ,63X .aHSTI'INOIIRD, I, IX, 
4'7HPIIRI'IMETEfi ,19X, 4liUNt 1. 19X ,4HI1EIIN. 6X,9HDEVII'IT ION. a)(, 7HHIHI"UH,aX, 
~1IiHAXIHUM.I.1X,100(IH-)./) 

5021 F'OF:MI'IT<I/,6X,5IlTflIILE,4X,"3.1H-,1'I3.53H f\I'IlUSTORM FROM HOURLY PRECIP 
1ITI'I1I0II IIIITI'I I'IT STIITION ,4X,201'11./oJ';'X.13H[IURI'ITION TD -,F5.hJH HR 
2. / .. 7)(. 2()IIIlIlINI "'LL [.EF'TH RI'INGE.F7. 3. 4H IN. ,8H (HEI'IH) , 
313H < ~ ['FPTH .F7ol,4H IN •• /,IX.l00<1H-"/.63X.8HSTIINOI'IRD,I,lX, 
"'91ir-... r~IIt1(TE:r; .19X, 4I1UNIT. 19X, 4HHEI'IN. 6X. 9HDEVIIlT ION. 8x, 7HMINI"UM.aX. 
57HMIIXII1UI1,i.1X,10011H-)./) 
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~J(\:!2 f"WHII 1 (1/. "'~. ~,flll\['L[' 4)( .1'13. lH- ,1'13.~3fl r:I'IIN!:TORH FROH HOURL'i f'REC IF' 
1 IT liT liltl 11"1/\ fiT STIlTlON • 4X. ::'0111. I 017.< 01 JHlIURIlTiON TO •• F5.1o 3H fiR 
~'."L''(.?()IH:I'IINrIlLL [lfr'TH RI'INC;f.F7.~,4H IN.olOH (H£I'IN*2) • 
31311 -: : m:r'TH .F}.1.4H IN.tI,I'',~OO(IH-).1.63)(.8HS'I'IN[II'IR[I.I.I)(. 

4C;'lf'I'IHIII'I[TrB. 1<;')(. 4HUNIl , I 9X. 4HHEI'IN.6X .9HDE VII'ITION. BK. 7HHINIHUH, BK, 
5 7 W11'1 X I 111.11'\0 I • 1 )(. 100 ( Ifl-- ) .,1 ) 

~'():!~J FIIBI'IIH('/tt.)(.~iHTr\['L[.4X."3.1H-,1'I3,~3H RI'IINSTOF;H FkOH 1I0Uf,L'i f'REClf' 
lJTI'ITlOtI flllTIl liT !STIITIllN .4X.::'01lI,/017)(,13HIIURI'ITION TO ",F5.t,JH HR 
:'.ltllh:>OIIt'I'IIIJrfll,l 111'I'TH r,IIHCir.F7.3,4H tlH •• l011 IPI[I'IN/2) , 
31,111 ,': - Ion'TlI ,r"'.I, "IIi tll1.,I, IX, IOO( lH-), / ,63X ,8HSTI'IN[II'IR[I. I. IX. 
"''>'HI'I'IRI'IM[ 1 (I:. 19X. 4flu/1I 1'.19X. 4HHEI'IN .6)(. 9HDEVIIITION.BX. 7HHINlt\UH,8)(. 
57Ht\IIXIHUH,I,lx.100(IH-),/) 

~)026 HlnHl'Il (//tt,X,~,"'I\('LE,4X.1'I3.1H-.1'I3.~3H RIIINSTOF;tI FROti HOURLY f'F;E.CIf' 
1 ITI'ITlilN IIAT" I\T ST"TlON , 4)(,201'11.;, 17X. 13HDlJRI'ITIOtl HI ". F5.t .JH HR 
:> • .'tlll!..:!Oln'''INF''U IIEf'TH RANGE.F7.3.4H 1111 .. 8H (HfI'lN) • 
31;>," " '1IEf'TH .Fl.I,4H tll1 •• ;, IX. 100(lH--lt;'6JX.8HSTI'INDI'IR[',;' IX. 
4?fIr'I'IFil'ltlfTH,.19X. 4HUNIT. 19)(, 4HHEI'IN.6)( .9H[IEVII'ITION. 8X. 7HtlINItiUH,8X. 
S"HI1I1XI tllIti 01.1,\.1 (>0 ( lH-) tI) 

!'.O:'7 FOHHIIT(//obX.~.II'I'Il<Lr..4X.1I3.1H-,1'I3.5311 IlllINSTORH FROI1 HOURl,Y f'RECIP 
1 ITIlTIOtI IIITIl liT STATION • 4X. 201'11. 1,17X • 13H['URI'ITION TD ",.F5.t, 3H HR 
:>,/.17X,20HRI'IIIIII'ILL lIEPTH RI'INI3E,Fl.J,4H tll1 •• 10H (H['\N*2) , 
31311 {, = IIn'HI <: .F7.1, 4H HH.,;' IX. lOO( lH-). / .63X. (""~TI'INDIIRD .I,lX, 
4')lIh\r(IIMETER .19X, 4ltUNl T, 1 'ilX. 4HHEI'IN. 6)( ,9HDEVII'ITION .8)0. .7HMINIHUH.8X, 
57HtlI'IXIHlIH./,IX,IOO(lH-l./l 

~.c.40 r ORI1I'1T (/ -'.I:>X .1'13, lH-.1'I3. 23H RI'IINSTORI1S FROM HOURLY, 

~:,04::; 

5050 
e 

1 32H PREClf'ITATION DI'ITI'I AT STATION .20111,5X.3H(19,I2, 
:;> ~I,H .. 19. I? 110.;' lOX, 103( IH-) tI. lOX. 9HPI'IRI'IHETER ,20X , llHDEPTH GROUP 
3 .22X,:>3HRAINSTORH DURI'ITION (HRl./.66X.4{F3.0,12X» 

FORHI'IT(10X,103(lH-)./) 
FORHI'IT(10X.10A4,4X.4(F15.3» 

STIW 
ENII 

1:«***************************************************** ••• *** •• * ••••• *.* 
c 
C 
L 
C 
C 
C 
l 

SUf<r~OU11 NE T I'IE< 1 

PURPOSE 
10 CALCULI'I'E TOTAL. HEAN, STI'INDI'IRD DEVI/'ITION, HINIHUM, AND 
I1I'1XII1UI1 FOR 1'1 GIVEN VARII'I8LE. 

I' USAGE 
C I;I'ILL TII8111'1.S.NOVl'lk,STI'ITS.NO) 
r: 
L 
C 
C 
C 
r. 
C 
c 
C 
I 
C 
(: 

r: 
c: 
C 
c 
C 
C 
C 
c 
r. 

r'[SCRIf,TICN OF PI'IR/'IHETERS 
- IN~UT HI'ITRIX OF OBSERVATIONS 

s 

rlOVI'IR 
!rf I'Irs -

NO 

REHI'IRKS 

HIF'UT VECTOR SPECIFIYING OBSERVI'ITIONS TO BE CONSIDERED. 
ONLY THOSE OBSERVATIONS WITH 1'1 CORRESPONDING NON-ZERO 
5(1) ARE CONSIDERED. VECTOR LENGTH IS NO 
THE VARIABLE TO BE TI'IBULIITED. 
OUTF'Ul VECTOR OF SUMMRY STl'lnSTICS. VECTOR LENGTH IS :'i 

STI'IT5(1)" TOT/'IL 
STI'ITS(::!)- HEI'IN 
STI\TS(3)~ STIINDIIRD DEVlI'ITION 
STI'ITS(4). HINIMUH 
STI'ITS(5). HI'IXIMUH 

Hlltl14ER OF OBSERV/'ITJONS. 

1HE DIVISOR FOR STI'INDllRD DEVIATION IS ONE LESS THI'IN THE 
OF' OBSEF:VIITJONS USED. 
)r S IS 1\ NULL VECTOR. THEN TOTI'IL. HE/'IN, liND ST/'INDI'IRD 
[IEVIIITJOH " 0. HIN-l.E7S MD I1,..X--1. E75 

1*******.*****.*** •••• * •• ****.******.* •• ***.* •• ******* ••• **.****.**** ••• 
L 

Sllll~:OUTINE TII91 C I'I.S.NOV/'IR. ST/'ITS.NO) 
DII1ENSION /'I(1),BC1),ST~TS(1) 
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c 
c 
c 

C 
C 
C 

110 5 1~1.3 

S 511'115(1)=0.0 

10 

... 
• J 

:'0 
-)< 
- .1 

30 

~,s 

'10 

4!i 

~o 

CALCULAT( HIN • HAX • "Nn TOTI'IL 

l~CN1~0. 0 
~'HIN: 1.0E7S 
VHI'IX=-1.OE75 
l.'''NO*(NOVllk-1 ) 
110 30 .1"1.1'10 
IJ~l.H 1 
IF(S(J» 10.30.10 
seN1 "SCNft 1 • 0 
HlI\IS(1)=S'''1S(I)tl\(IJ) 
Rll\lS(31=STl\lS(3Itl\(IJI*II(IJ) 
If(A(IJ)-VHIN) 15.20.20 
VHtN~AC IJ) 
IF(A(IJ)-VHAXI 30.30.25 
VHIIX=II(IJ) 
CONTINUE 
STI'IIS(4)=VI'lIH 
SlIl1S(S)=VHIIIX 
IF (SCNT) 35.50.35 

CI\LCULI'ITE HEI'IN I\ND STI\HDI\RD DEVII\TION 

IF(SCHT-l.0) 40.40.45 
5TI'I15(2)·5TI\T5(1) 
S1I\TS(3)·0.0 
GUIO !:iO 
STI\1S(2)~STI\TS(1)/SCNT 

STI'I1S(3'=SQkT(A9S«STATS(31-ST"TS(1).STATS(I)/SCNT)/(SCHT-l.0») 
RFTUkH 
ENtl 
lILOC" DAT" 
rOHHnN/NI\HONS/NAHON(12) 
C0l1110N IH"'Pt'lkS/Nt'lPt'lF;, I" 12 I 
.~lriHUN/~I\UNTS/NAUNT1(2.121.NAUNT2(2.12) 
COHMON/NI\PLS/NIIPL(6.41 
C0MMON/NI\DGS/NI\D6('I,'I1 
IIAl A NI'ItION/3HJAN, 3HFEB. 3HH"R, 3HIIPR. 3HH"Y. 3HJUN. 

.. 3HJUL,3HAUG.3HSEP,3HOCT.3HNOV.3HDEC/ 
I'IIT'" NI'IF'Af</"HDUF"'" .. HTION ... H .4H .4H .4H 

.., 4HDEf'T • 4HH .4H ... H .4H .4H * 4HINTE.4HNSIT.4HY .4H .4H .4H * 4HFIRS."HT TI.4HHE H.4HOHEN.4HT .4H 

.. "HSECO.4HND 1.4HIME .4HHOHE.4HNT .4H 

.. 4HTIHE.4H STI'I.4HNII"R.4HD DE.4HVI"T.4HION • * 4HNOHII.4HIH .... H2ND ... HTIHE- ... H HOth4HENT • 

.. 4HHOlm.4Hl". ,4H1ST ,4HTtME.4H HOH.4HENT • 

.. 4HA OF.4H TRI,4H. HY,4HETOG.4HR"PH.4H * " .. 9 OF.'IH TRI.4H. Hy ... HE10G.4HRI'IP ... 4H 
• 4141'1 OF.4H HON,4HDIK •• 4H HYE.4HTOGR.4H"PH • * 4HB OF.4H NON.4HDIH •• 4H HYE.4HTOGR.4HAPH I 

II"Tti NAUl4Tl/4H (HR I, 4H • 4 .. <IN •• 4H) • 4H<JN •• 4H/HR). 
.. 4H(HR).4H .4H(HR*,4HHR) .4H(HR),4H * 411< ) .4.. .4H( " .. H .4H(HR)'4H * 4H(HR).4H ,"H( I ... H .4H( ).4H / 

111'1'11 t'AUtIT:!/4H (HR) ,4H , 4HHtH •• "H) • 4H(H" •• 4H/HR" 
to 4H(HR)."H .4H(HR .... HHR) .4H(HR).4H 
.. 4H( ) ... H ."H( ).4" .4H(HR).4H 
.. 4H(H'H.4H .4H( ).4H .4H( )'4H 

.., 

* .. 
* .. .. 

I:IATA 14APL/4H/\ Of,4H NON,4HDIM. ,414 HYE.4HTOGR.4HAPH • 
4HNOND.4HIH .... H1ST ... HTIHE ... H HOH.4HENT • 
4BNOND.4HI" •• 4H2Nt •• 4HTtKE.4H HOH.4HENT , 
4HNUHB.4HER O ... HF RI'I.4HINST.4HORHS,4H / 

DATti 

EN;) 

NADG/4H I\l.4Hl RA.4HINS1.4HORHS. 
4H D .4H >- .4HO.5 .4HI'IEI'IN. 
"lit D .4H >- .4" ,4HHEI'IN • 
"III D ,4H >" .4H :! .4HHE"NI 
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11'11.11 S80 
Till< 1 590 
1/'1141 600 
11'11tl 610 
1 "111 620 
11'11<1 630 
11'11<1 640 
Till< 1 6S0 
TAU 660 
Tl'llIl 670 
TIII.lI 680 
T"U 690 
11'11'1 700 
TIIlIl 710 
TIII«1 720 
HIIC1 730 
11'1111 740 
T "" 1 7S0 
T"1I1 760 
11'\U 770 
11'1111 780 
1"111 790 
11'1111 800 
11'11<1 810 
TI'II<1 820 
11'11<1 830 
1111U 840 
T"BI 850 
T IIfCl 660 
1111Bl 870 
TAU 8ao 
1111Bl 890 
11'\Bl 900 
Tlllli 910 



V. USER'S GUIDE FOR COMPUTER PROGRAM 

FANHP 

(!requency ~lysis for !WS liourly !recipitation Data) 

A. Description of the Computer Program 

This computer program. FANKP. is designed to perform frequency analysis 

on hourly rainfall data to compute the depth of storm rainfall for different 

durations and return periods. This program is specifically designed to accept 

only the NOAA National Weather Service (NWS) hourly precipitation data magnetic 

tape or cards in standard NWS Deck 488 format, TD-9657. The program auto­

matically handles and corrects the following commonly occurred problems in 

the NWS hourly precipitation data: 

(1) Identify and correct reversed order of the two data cards of a date; 

(2) Identify and ignore missing data in the statistics computation; 

(3) Identify accumulated data and exclude them from the statistics computations 

because the duration of these rainstorms cannot be identified. 

The program will not proceed if the NWS data tapes or cards contain other less 

commonly occurred data problems. For 8uch cases the user should print out a 

listing of the data, examine the data errors and make proper corrections before 

re-running the computer program. 

From the length of the record of the available data (month and year, e.g., 

06-1948 to 10-1978) the UAer chooses the continuous years (e.g •• 1951-1970) and 

the "season" (consecutive months, e.g., April-October inclusive) to be analyzed. 

The program will select from the data file the rainfall data for the season 

for each of the years specified for analysis. If the data of entire year is 

desired, the "season" is January-December. The built-in (default) season is 

five months from May through September. For a specified season, if the entire 

record length (years) of the data record is to be analyzed and the data of 

the first year and/or last year of the record contain only partial months of 

the season (e.g., the season is April-October whereas first year data starts 

in July and/or the last year record ends in August), the program will proceed 

to select the maximum values from these partial seasons for the annual 

maximum series and a message will be printed out warning of the partial .~a.on. 
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The program verifies the appropriateness of the data set of the 

specified season and period from the NWS data file, and selects the data 

according to the specified durations of the rainfall to establish the annual 

maximum series for each duration. A maximum of six different durations, up 

to l2-hour duration, can be specified by the uaer. Since hourly data is used, 

the duration muat be multiple of hours. The built-in (default) durations 

considered are I, 2, 3, and 4 hours. 

For each rainfall depth in the annual maximum series of each specified 

duration, the plotting position is computed by 

T - (N + 1)/m 
r 

in which! - return period in years, N - number of years for the period of 
r 

data conSidered, and m - rank. Annual exceedance series is not included here 

because of the commonly occurred problem of missing and accumulated rainfall 

data for the NWS hourly precipitation data file. 

Each annual maximum series is analyzed for two different probability 

distributions, namely, Gumbel (extreme value type I) and log-Pearson III 

distributions. For Gumbel distribution two methods are used. They are the 

least-squares fitting method and the frequency factor method. For log-Pearson 

III distribution, only the frequency factor method following the procedure 

proposed by the U.S. Water Resources Council is used. 

The dimension restrictions of the program are as follows: 

(1) Maximum number of years to be analyzed - 99 

(2) MaxiKum number of return periods to be computed and printing out for each 

duration - 10. 

The computer program is written in FORTRAN IV language consisting of 

about 600 statements. It can be implemented on MOst Cyber and IBM 360, 370. 

and 4341 computer systems. It requires the use of two International Mathe­

matical Subroutine Library (IMSL) subroutines DCADRE and VERTST if the 

log-Pearson III analysis is to be performed. Execution of the program 

requires a memory core of about l50K bytes (40K words) for compilation and 

execution. Most of the execution time is for the first part of data reading, 

filing and setting up the annual maximum series. 
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The input to run the program is essentially the same as that for the 

computer program SATH except Card 3 in which the last item is different, and 

Card 5 which is not required for SATH. Figure 18 shows an example input and 

Fig. 19 shows the input card deck arrangement. 

The computer printout after running the program consists of two parts. 

The first part gives information on the NWS hourly precipitation data used, 

including the location and identification number of the gaging station, the 

periods of record and of analysis, and a listing of the missing and accumualated 

data in chronological order. 

The second part of the printout contains the frequency analysis results 

for two versions of the Gumbel distribution and log-Pearson III distribution for 

each of the specified durations. An example of the printout corresponding to 

the input of Fig. 18 is shown in Fig 20. The average rainfall intensity for 

a given duration and return period, if desired, can be calculated by dividin~ 

the computed rain depth by the duration. 

Inquiry concerning the availability of the computer program should be 

addressed to Dr. B. C. Yen, Department of Civil Engineering, University of 

Illinois, Urbana, Illinois 61801 or to FHWA Office of Research & Development. 

eCHO I.IF 111\ 1 1'1 
123456789012345~78901234~6789012345678901234567890123456789012345678901234567890 

=::-.~ ------------------------------------------------------------------------_._------

I EXI'IHPLE OF" F"I'INHP URI''''"''', IL 118740 
2 0 1 0 78 12 
3 20 59 78 3 6 2 4 
4 1. 4. 
5 10. 25. 50. 100. 

Fig. 18. Example input for FANHP 
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Card Card 
NUlDber Column 

1 *** 
1-40 

41-60 

61-10 

Format 

40Al 

20Al 

no 

Description 

Identifioo.tion Carod 

User defined title. up to 40 alpha­
numeric characters are allowed. 

Name of the station. 

Identification number of the 
station. 

2 *.'" Input Data Infol'mation Card 

1-5 IS Input data form 

6-10 15 

11-15 15 

16-20 IS 

21-25 15 

Leave blank (or enter "0" in 
Column 5) if the input hydrologic 
data are on a magnetic tape. 
Enter "1" in Column 5 if the 
input data are on cards. 

Measurements units of input data 
Enter "1" in Column 10 if English 
units are used. 
If SI units aTe used. enter "2" 
in ColUllll1 10. 

Data checking 
Enter "1" in Co1UIIID 15 if the input 
data have been corrected for mis­
placed. missing and accuaulated 
records. 
Enter "0" in Co1uam 15 if the data 
have not been corrected. 

The last tvo digits of the last 
year of the hydrologic record of 
the data file, e.g., "78" for 1978. 

TWo-digit representation of the 
last month of the last year of the 
hydrologic record, e.g., "07"· July. 
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Variable 
Name 

*** 
TITLE 

STATIO 

NUMBER 

*** 
KIND 

MU 

KISS 

LYR 

LKR 



Card Card Format 
Number Column 

Description Variable 
Name 

3 ... Data Analysis Informati(l'YI Card *** 

1-5 IS Number of years of the period to NYR 
be analyzed, maximum 99, e.g., "20". 

6-10 15 

11-15 15 

16-20 15 

21-25 15 

26-30 IS 

31-35 IS 

Last two digits of the first year IFIRST 
of the period to be analyzed. It 
must not be earlier than the first 
year on the record file. e.g .• "51" for 
1951. 

Last two digits of the last year LASTYR 
of the period to be analyzed. It 
must be the same or earlier than 
the last year on the record file. 
e.g., "70" for 1970. 

Number of months in the "season" NMO 
to be analyzed. Minimum is one 
and maximum is 12. Default value is 
"5" for the 5-month season. May­
September. 

First month of the season, e.g., enter IMS 
"4" in Column 25 for a season 
starting on April 1. 

Number of pn~cipitation durations NXL 
for which frequency analysis will 
be performed, maximum is 6. Default 
value is "4" for durations of 1,2, 3, 
and 4 hours. 

Number of return periods to be M 
computed, e.g., "2", maximum 10. 
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Card Card 
Number Column 

4 "''''''' 
1-5 

5-10 

11-15 

26-30 

5 **'" 
1-5 

6-10 

11-15 

46-50 

Format Description 

Durations of Freaipitation 

FS.O 

F5.0 

FS.O 

Enter the first precipit3tion 
duration, in hours, to be analyzed, 
e.g., "2." for 2-hour duration. 

Second precipitation duration, in 
hours, to be analyzed, e.g., "3." 

Enter successive durations to be 
analyzed, eac~ in the 5 columns 
allotted, until all the durations 
are specified. The total number 
of durations must be the same a8 
that specified 1n Column 25 of 
Card 3. Although not necessary, 
it is suggested to enter the dura­
tions in an ascending order. The 
default durations considered are 
1. 2, 3, and 4 ~lour s • 

/ietu.-n Periods to be Computed 

FS.O 

FS.O 

FS.O 

The first return period in years 
for which the value of the 
hydrologic event will be computed. 
e.g., "10." for 10 years. 

The second return period for which 
the value of the hydrologic event 
will be computed. e.g., "100." 

Repeat specifying the return periods 
1n years until all of them are 
specified and leave the rest of the 
card blank. The total number of 
return periods must be the same 
as that entered in Columns 34-35 of 
Card 3. Although not necessary, it 
is suggested that the return periods 
be entered in an increasing order. 
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Variable 
Name 

.,,* 
XLLl(l) 

XLLl(2) 

XLLl( ) 

.. '" 
T(l) 

T(2) 

T( ) 



(' JCL End Card 

NWS Hourly Precipitation Data File 

( Card 5 - Return Periods 

l-

I/ Card 4 - Durations of Precipitation 

L Card 3 - Data Analysis Information --

( Cad 2 - Input Precipi tation Data Information 
--' 

~ Card , - Input Data Information 

~ 1--1 
JCL Cards 

f--I 

I-

f--

Fig. 19. Input data deck arrangement for execution of FANHP 

72 



F
~
E
Q
U
E
N
t
Y
 

I'I
N

I'I
L

Y
SJ

S 
O

F 
F

oR
E

C
IP

lT
l'I

T
IO

H
 

M
T

II
 

U
R

8I
'IN

I'I
. 

IL
 

1
1

8
7

4
0

 

IV
:5

V
 

TO
 

IV
7

8
. 

2
0

 
Y

E
I'I

R
S 

O
F 

R
E

tO
R

['
 

O
F 

1
.0

0
 

H
O

U
R

 
[l

I'I
T

" 

M
O

N
TH

S 
JU

N
-"

U
G

 

1 •
•
 I

'IC
C

U
M

U
LI

'IT
ED

 
D

I'I
TI

'I 
•
•
 

19
:5

9 
7 

1
8

 
0

-
0

-
0

-
0

1
2

-
1

9
 

•
•
 I

1
IS

S
W

G
 

D
I'I

TI
'I 
.
.
 
1

9
6

9
 

6 
1 

:'
 

.
.
 I

1
IS

S
lI

fG
 

M
T

I'
I 
.
.
 

1
9

6
V

 
6 

2 
3 

•
•
 

N
IS

S
W

G
 

[l1
IT

1'I
 

n
. 

IV
6

9
 

6 
3 

4 
•
•
 I

1I
S

S
IH

G
 

[I
"T

" 
**

 1
9

6
9

 
6 

4 
5 

.
.
 N

IS
S

W
G

 
D

IIT
I'I

 
*' 

1
9

6
9

 
6 

5 
6 

.
.
 I

1I
S

S
II

IG
 

D
"
'"

 
,
t
 

19
<

.9
 

6 
6 

? 
•
•
 

M
IS

S
II

IG
 

[.I
IT

I'I
 
.
.
 

1
9

6
9

 
6 

7 
8 

.
.
 

I1
IS

S
W

G
 

[l
fl

T
l'I

 
.
.
 

1
9

6
9

 
6 

8 
9 

.
.
 M

IS
S

II
IG

 
O

"T
I'I

 
.
.
 

1
9

6
9

 
6 

9 
1

0
 

•
•
 

M
IS

S
IN

G
 

D
I'I

TI
'I 

" 
IV

b
9

 
6 

1
0

 
1

1
 

,
.
 

M
15

51
N

6 
[I

"T
" 

•
•
 

1
9

6
9

 
6 

1
1

 
1

2
 

•
•
 

M
IS

S
IN

G
 

[I
"T

" 
.
,
 

1
9

6
9

 
6 

1
2

 
1

3
 

•
•
 

"I
S

S
IN

G
 

O
I'I

T
" 

•
•
 

1
9

6
9

 
6 

1
3

 
1

4
 

...
.,J

 
.
.
 "

IS
S

It
IO

 
III

'IT
I'I

 
.
.
 

1
9

6
V

 
6 

H
 

1
~
 

W
 

.
.
.
.
 15

51
11

0 
O

I'I
T

" 
.
.
 1

9
6

9
 

6 
1

5
 

1
6

 
.
.
 "

IS
S

II
IG

 
D

I'I
TI

'I 
.
.
 
1

9
6

9
 

6 
1

6
 

1
7

 
•
•
 

"I
S

S
II

IG
 

D
I'I

TI
I 
.
.
 1

9
6

9
 

6 
1

7
 

Ii
i 

.
.
 "

1
5

5
1

1
1

0
 
P

"
''
' 

" 
1'

16
'1

 
6 

1
8

 
1

9
 

•
•
 
"I

S
S

W
G

 
M

T
I'I

 
.
.
 1

9
6

9
 

6 
1

9
 

2
0

 
.
.
 "

IS
S

lt
iG

 
M

T
II

 
.
.
 
1

9
6

9
 

6 
2

0
 

21
 

•
•
 

"I
S

S
IN

G
 

P
"T

I'I
 
•
•
 
1

9
6

' 
6 

21
 

2
2

 
•
•
 

"I
S

S
IN

G
 

O
I'l

TI
I 

•
•
 

1
9

6
9

 
6 

2
2

 
2

3
 

.
.
 "

IS
S

IN
G

 
M

T
I'

I 
.
.
 

1
9

6
9

 
6 

2
3

 
2

4
 

•
•
 
"
I
~
~
I
N
G
 

O
I'l

TI
'I 

•
•
 
1

9
6

' 
6 

2
4

 
2

5
 

•
•
 

"I
S

S
IN

G
 

I'
''T

'' 
•
•
 

IV
6

9
 

6 
2

5
 

2
6

 
•
•
 

K
IS

S
IN

G
 

PI
'IT

I'I
 
•
•
 

1
9

6
9

 
6 

2
6

 
2

7
 

•
•
 

"I
S

S
IN

G
 

[lI
'IT

II
 
•
•
 

1
9

6
9

 
6 

2
7

 
2

8
 

•
•
 

"1
5

5
1

1
1

G
 

['''
'1'

1 
••

 I
V

6
9

 
6 

2
8

 
2

9
 

.t "I
S

S
IN

G
 

PI
'IT

I'I
 
•
•
 

1
9

6
9

 
6 

2
9

 
3

0
 

•
•
 

"I
S

S
IN

G
 

[l
II

T
II

 
•
•
 

1
9

6
9

 
6 

3
0

 
1 

•
•
 

I'I
C

C
U

N
U

L
II

T
E

D
 

D
IIT

I'I
 
•
•
 
1

9
'0

 
7 

3 
0

-
0

-
0

9
8

-
0

2
:5

-
1 

•
•
 

I'I
C

C
U

I1
U

U
IT

E
Il

 
(.

"'
11

 
•
•
 

1
9

7
8

 
7 

22
 

0
-

0
-

0
1

3
 

2
3

 
.
,
 I

IU
:U

I1
U

lI
'IT

E
(' 

['I
'IT

" 
•
•
 

1
9

7
8

 
7 

2
3

 
0

-
0

-
0

-
0

-
0

-
0

-
0

-
0

7
4

-
2

4
 

L
E

N
G

T
H

 
O

F 
R

E
C

O
R

D
 

JI
'IN

 
19

15
' 

-
D
E
~
 

1
9

7
1

 

P
E

R
IO

D
 
"
N
~
Y
Z
E
b
 

JU
N

 
-

I'I
U

G
. 

1
9

5
9

 
-

1
9

7
8

 

F
ig

. 
20

. 
E

xa
m

pl
e 

co
m

pu
te

r 
p

ri
n

to
u

t 
o

f 
FA

NH
P 

(a
) 

In
fo

rm
at

io
n

 o
n 

NW
S 

d
at

a 



.... _-----------------_.-..... _ .....•..•. --._--... _---_._--.......... _ ....•..•.. 
»»>1XAHPL1 or rAKYP «(<( 

--_ ... -_ ..........••..... _ ... _ ... ---•.•....•.•..... _ .......... --_ •......•..•.... 
1.0 BOUI DUIATION IAUrALL DATA 

--------------------------------
59 .770 60 .780 61 1.100 62 1.130 
63 .940 64 1.030 65 2.300 66 1.090 
67 .570 68 .940 69 1.480 70 1.260 
71 1.120 n 1.790 73 1.390 74 .620 
75 1 •• 30 7fI 1.270 77 1.170 78 1.220 

.. _ ............................................................................ . 
AIIN1lAL IlAXUllK SUIIS - CUHI!L DISTIIIUTION 

-------------------------------------------
PLOTTING POSITIONS 

YlAa IAUrALL:IN.) IAIIl IETIIIN PERIOD lOll-EXEC PIOll I 

65 2.30 1 21.000 .9524 1.9048 
75 1.83 2 10.500 .9048 1.3446 
72 1. 79 3 7.r"') .8571 1.0078 
69 1.48 4 5.250 .8095 .7619 
73 1.39 5 4.200 .7619 .5653 ,. 1.27 6 3.500 .7143 .3992 
70 1.26 7 3.000 .6667 .2538 
78 1.22 8 2.62~ .6190 .122'1 
77 1.17 9 2.333 .5714 .0026 
62 1.13 10 2.100 .5238 -.1101 
71 1.12 11 1.909 .4762 -.2173 
61 1.10 12 1.750 .4286 -.3209 
66 1.09 13 1.615 .3810 -.4223 
64 1.03 14 1.500 .3333 -.5234 
68 .94 15 1.400 .2857 -.6258 
63 .94 16 1.313 .2381 -.7317 
60 .78 17 1.235 .1905 -.8444 
59 .77 18 1.167 .1429 -.9691 
74 .62 19 1.105 .0952 -1.1167 
67 .57 20 1.050 .0476 -1.3181 

IESULTS USINC LEAST SQUAIES fIT .-_ .. _-----------------------
IIiTERCEPT Dr LEAST SQUARES LIII! - !O U. 

SLOPE or Lr.AST SQUARES LIlli - to. -J 

STANDARD 11101 or ESTIMATE - .il i3 IN. 

COIIELAtION COErrICIENT - .9834 

MAGNITUDE or 10.YR. (I- 1.3046) 1A1IIFALL - 1.846 III. 

IWoMITUDE or 2S.YR. (I- 2.0438) IAINrALL - 2.206 n. 

MAGNITUDE or 5O.YR. (I- 2.5923) 1A1IIFALL - 2.473 n. 

MACIfJTUDE or l00.YR. (.:- 3.136 7l IAINFALL - 2.738 n. 

Fig. 20. Example computer printout of FANHP (b) Computed results 
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1 

I!lULTS USIIIG SAIIPLE BAlI AIID STAIIDAD DEVIATION 
-----------------------------------------------. 

SIJIPLE BAlI - 1.190 111. 

SIJIPLE STAIIDAaD DEVIATION - .421 IN. 

BTAIIDAaD EUOI. OF ESTIHATE - .099 III. 

COlaELATIOJI COEFFICI!IIT - .8513 

HACIIITUDE OF 10.Yl. (I- 1.3046) IAIlIFALL - 1. 739 III. 

MAGill TUDE OF 25.Yl. (I- 2.0438) IAIlIFALL - 2.051 III. 

HACIUTUDE OF 5O.U. (I- 2.5923) IAI1IFALL - 2.282 IN. 

MAGllItUDE OF 100.YI. (I- 3.1367) IAIlIFALL - 2.511 IN. 

AllIlUAL KAJUIJII SlIlES - LOC PEMSOII nn III DlSUlIutION 
---------------------------------------------------------

PLOTTIlIG POSITIONS 
YEAI lAlIIFALL( IN.) LOC lAINFALL IWIl RETURN PERIOD liON-inC PIOI l( 

65 2.30 .3617 1 21.000 .9524 
75 1.83 .2625 2 10.500 .9048 
72 1.79 .2529 3 7.000 .8571 
69 1.48 .1703 4 5.250 .8095 
73 1.39 .1430 5 4.200 .7619 
76 1.27 .1038 6 3.500 .7143 
70 1.26 .1004 7 3.000 .6667 
78 1.22 .0864 8 2.625 .6190 
77 1.17 .0682 9 2.333 .5114 
62 1.13 .0531 10 2.100 .5238 
71 1.12 .0492 11 1.909 .4762 
61 1.10 .0414 12 1.750 .4286 
66 1.09 .0374 13 1.615 .3810 
64 1.03 .0128 14 1.500 .3333 
68 .94 -.0269 15 1.400 .2857 
63 .94 -.0269 16 1.313 .2381 
60 .78 -.1079 17 1.235 .1905 
59 .77 -.U35 18 1.161 .1429 
74 .62 -.2076 19 1.105 .0952 
67 .57 -.2441 20 1.050 .0476 

R!lULTS USING SAlll'LE MEAN AlID STANDARD DEVIATIQII 

BAIII'L! MEAJI • .05080 - 1.124 III. 

BAIII'L! ~TAIIDAaD D!VIATIOII • .15072 

S!AIIDAaD !UOI OF ESTIHATE - .03050 

COlaELATION COEFFICI!IIT. .8912 

SAMPL! SJtEW COU • • - .0298 

JlAGIIITVDE OF IO.n. (I- 1.2783) 1A1IIrALL • 

MAGIIlTUDE or 25.Ta. (J:- 1.7404) 1A1lirALL • 

JlAGIIlTUDE OF 50 n. (x- 2.0377) IAUlFALL _ 

MAGNITUDE or 100.YR. (x- 2.l044) KAI.FALL • 

1. 15 II. 

2.06 II. 

2.28 III. 

2.50 IN. 

1.6595 
1.3056 
1.0668 

.8773 

.7149 

.5693 

.4341 

.3075 

.1848 

.0641 
-.0548 
-.1752 
-.2985 
-.426 7 
-.5626 
-.7100 
-.8150 

-1.0682 
-1.3127 
-1.67n 

Fig. 20. Example computer printout of FANHP (b) Continued 
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»»)EXAMPLI OF rANKP ««< 

4.0 HOUR DURATlOIi RAIIIFALL DAtA 
--------------------------------

59 .200 60 1.580 61 1.8 JO 62 1.860 
63 1.230 64 1.390 65 2.560 66 1.400 
67 .830 68 2.380 69 2.860 70 2.260 
71 2.130 72 1.090 73 1.460 74 1.320 
15 2.700 76 1.140 77 1.010 78 1.420 

..................•....•.••.•.............••.••••••••••••..•.....•••••••••.•••.. 
A11I1UAL IWCIIIlH SERlES - GI/KIEL DISTUaUTIOII 

-------------------------------------------
PLOTTIIiG POSITI0llS 

YEAR RAIIiFALL( 111.) IIAIIIt RETUIJI PERIOD IIOII-EXEC Ploa II: 

69 2.86 1 21.000 .9524 1.9048 
75 2.70 2 10.500 .9048 1.3446 
65 2.56 3 7.000 .8571 1.0078 
68 2.38 4 5.250 .8095 .7619 
70 2.26 5 4.200 .7619 .5653 
71 2.13 6 3.500 .7143 .3992 
61 1.87 7 3.000 .6667 .2538 
62 1.86 8 2.625 .6190 .1229 
60 1.58 9 2.333 .5714 .0026 
73 1.46 10 2.100 .5238 -.1101 
78 1.42 11 1.909 .4762 - .2113 
66 1.40 12 1.750 .4286 -.3209 
64 1.39 13 1.615 .3810 -.4223 
74 1.32 14 1.500 .3333 -.5234 
63 1.23 15 1.400 .2857 -.6258 
76 1.14 16 1.313 .2381 -.7317 
72 1.09 17 1.2lS .1905 -.8444 
77 1.07 18 1.167 .1429 -.9691 
67 .83 19 1.105 .0952 -1.1167 
S9 .20 20 1.050 .0476 -1.3181 

RESULTS USIIIG LEAST SQUARES FIT 

IIiTERCEPT or LEAST SQUARES LIII! • 1.610 III. 

SLOPE OF LEAST SQUARES LIII! • .78 111. 

STAIIDA1lD EUOI OF ESTIMATE - .ISS III. 

CORULATlOll COUFlCIEIIT· .9752 

MAGlilTUDE or 10.TI. (It- 1.3046) RAIIiFALL· 2.689 III. 

MAGlilTUDE OF 25.YR. (It- 2.0438) RAIIIFALL· 3.267 III. 

MAGlilTUDE OF 5O.Yl. (It- 2.5923) RAINFALL· 3.695 III. 

MAGlilTUOE OF 100.YI. (It- 3.13(7) RAIIIFALL· 4.121 IN. 

Fig. 20. Example computer printout of FANHP (b) Continued 
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IISUlTS USIIIG SAMPLE MUll MID STAIIIDAlD DEVIATlOll 

SAMPLE MEMI - 1.638 111. 

SAMPLE STANDARD DEVIATION - .681 111 • 

SUILDARD EDOI Of ESTIMATE - • 180 IN. 

COI.IEU.TlOlo COEfflCIIJIT - .8 )13 

~IIITUDE or 10.YI.. (1- 1.3046) lAINFALl - 2.526 lB. 

MAGILITUDE or 25.YI.. (I- 2.0438) lAINfALl - 3.030 lB. 

~KlTUDE or 50. n. (I- 2.5923) lAINFALl - 3.403 IK. 

MAGKlTUDE or 100.n. (I- 3.1367) lAIIIFALl - 3.774 III. 

AllHUAL MAXUlltI SEIIES - LOG PEAl.SOII TYn III DISTl.lIUTION 

PLOTTING POSITIOIIS 
YEAI lAIIFALL( III. ) LOG RAINFALL IANI. IETUIR PEI.IOD NON-EXEC rlOI I 

69 2.86 .4564 1 21.000 .95210 .9145 
75 2.70 .4314 2 10.500 .9048 .8723 
65 2.56 .10082 3 7.000 .U7l .8256 
68 2.38 .3766 4 5.250 .8095 .7747 
70 2.26 .35101 5 4.200 .7619 .7196 
71 2.13 .3284 6 3.500 .7143 .6599 
61 1.87 .2718 7 3.000 .6667 .5953 
62 1.86 .2695 8 2.625 .6190 .5251 
60 1.5B .1987 9 2.333 .5714 .4485 
73 1.46 .16104 10 2.100 .5238 .3646 
18 1.42 .1523 11 1.909 .4762 .2719 
66 1.100 .1461 12 1.750 .4286 .1688 
64 1.39 .1430 13 1.615 .3810 .0528 
74 1.32 .1206 14 1.500 .3333 -.07910 
63 1.23 .0899 15 1.400 .2857 -.2329 
76 1.110 .0569 16 1.313 .2381 -.4154 
72 1.09 .0374 17 1.235 .1905 -.6399 
77 1.07 .0294 111 1.167 .1429 -.9308 
67 .83 -.0809 19 1.105 .0952 -1.3429 
59 .20 -.6990 20 1.0SO .01076 -2.0516 

IESVlTS VSIIIG SAMPLE tIUII AMD StAllDAlD DEVIArlOll 

SAMPLE M!AII - • 16276 - 1.455111 • 

SAMPLE STANDARD DEVIATION - .25210 

STAMDARD ERIOI OF ESTIMATE - .09872 

CORI.ELATIOIi COI!F'ICIIJIT - .8086 

SAMPLE SlEW COEF. --2.1061 

MAGNITUDE OF 10.YI. (1.- .8618) lAIIIFALL - 2.41 III. 

MAGNITUDE OF 25.YR. (1- .920B) lAIIiFALL - 2.48 III. 

tlAGNITUDE OF SO.YR. (1- .9363) lAIBFALl - 2.50 111 • 

MAGNITUDE Of 100.YR. (1- • 9435) lAItiFALl - 2.52 IN. 

Fig. 20. Example computer printout of FANHP (b) Continued 
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B. Listing of the Computer Program 

rR(hIR~H l·ftNHr(INr~,INPUT,OUT3.TEK'1~P[3.JNP2, 
1 1 AI'e',,, HlI'lIT, TI'IH:6 .. Ottl 3, TI'IF"[ 10",1 rK) 

r.**_********,*******,***************.*** ••• *****"""",,'*"""t'** c 
C 
I COMPUTER r'f:OGBl'ltI FOR fRE~UENCY I'IN"LYSIS OF NWS HOURLY 
C /JRECIP ITI'IT 101. 11"'1T~ 
C 
l. 101\ I\IIY INfORHI\11011 f(EG~r\DING THIS COMPUTER f'ROGRI'IK. 
C THI:: lISfF: SHOULD REFr:R TO CHI'lf"TER v or VOL. II I <USER' 5 "I'INU~Ll 
l 
C 

Ct**.t.,.t**,_**,.*, •• **********,*** •• *.*,**********"*""""""'" 
REAL hl'lh~X,INTCPT,HEI'IN,KPEI'IR,KnE9 

C , 

r: 
c 

r 
c 

C 
L: 

C 
(; 

C 

C 
C 
c: 

*** 
n:~ 

*** 

**' 

'" 

100S 

J 006 
1007 
1000 
100'il 

101 

]1I1[GE" Y[~R,RNh,rHI'IX,ST~TIO(20) 
[,I MUISION OHIIX (99), RNK (99), f'L TP('?'?) ,NI'IHONC 12) 

1, k~MI'I.199), YHIIX(99), OLOO(99), kf'EI'IR(99), TCI0), PROD! 
~60), KDES(20),SYE~R(99),SO(99),TITLE(40),UNIT(2) 

~]~[NSION MONTH(12),XLLI(6),YEI'IR(9,?),Q(99.12) 
COMHON/r~H~/LI'ISTYB,NUH&ER.IFIRST,k]ND,HISS,IDI"X.HU,HI,H2.IOUT 

I .LYR,LH" 
DI'ITI'I UNIT/3HIN.,3HHM.1 
[I~TII ~II\I'tON/3HJI'IN, 3HFE&, 3HtlI'IR, 3HIlIPR, 3HHI'IY. 3ttJUN, 

, /,II.JUL, 3HI'IUG, 3HSEf'. 3HOCT, 3HNOV. 3HDECI 
IN1=~ 
lOU1=6 

TtWUT 1 
HEr'.lI(IN1,1010) TITlE,ST~TIO,NUK8ER 

ItJPUT :2 
I:EIlIo! INI 01015) KINU.HU,MISS,lYR.LtlR 

UWUT 3 
HEIII' ( I til ,1020) NYR.IFIRST.L~STYR,NHO,ItlS,NXL,K 

INPUT " RFI'IIH INI. 1025) (XLL1(1).I-l,NXL) 

INPUT ~ 
R[~II( INI .1025) 

1I'lIHX.,24*NHO*"0 

ECHO OF MT" 

wmTU 10UT.I005) 
FO~:MI'IT ("0)(, 12HECHO or DIIT" , I.IOX,S (10H12J"S67890), I, lOX .80 

1 (IH-I,/) 
WRJTE(JOUT.I006) TITLE,STIITIO,NUH&ER 
WRITF-(IOUT,1007) KIND.HU.HISS,LYR,LHR 
WRllE: l IOllT .100S) NYR, IF IRST. LI'ISTYR,NHO, Itl5, NXL,K 
WRITE(IOUT,1009) (XLLI(I),I-l.NXL) 
WI:lTE<lOU101009) (T<I)'I-loH) 
rOHMI'IT< lOX, "01'11,201'11. ItO) 
FORH"'T(10X,~I5) 
FO.mAl (lOX. /1'5) 
FO~MIIT(IOX,6F5.0) 

[10 101 ["toN"O 
MDN1HCI)=IKStI-1 
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'" 

L, 

Ilf 1 ftllL 1 VALUE 

Jr(N~D.L[.O) NMO-S 
l~(MONIH(l).GT.O) GO TO 2 
DII 1 l' 1,5 
M'ltlfH( I ) "HI 

:, IF' (NXL .tl .0) NXL. IC 04 
1f-(XLLl\).GT.O.) BO TO "I 
on ~I I I,NXL 
,'I J 

" '(I' , i 1 \ "1\1 

"I: I N 1 INPUT tll'IT II 

~ rll'~l. 

HI=MONTH(I) 
h:'" MOIH H (NMO) 
IJRITE( IOUT,904) 
,ml,ro,IOUT.106S) STIITIO,NUHIIER 
N"NYI< 
wHrl~(JOUT.l070) IFIRST,LIISTYR.N,DT,NIIHON(Hl).NIIMON(H2) 
WRITE ( lOUT. 904) 
rnLL NUSDflT(YHflX.Q,KY) 
IF(KY.NE.N) WRITE(IOUT,950) 
no 14 ICONT=I,NXL 
IJCUNT·~LL1(ICONT) 

1'0 ~, J Y ',I ,N 
~', DllflX(IY):Q(IY,IJCONT> 

!.IF'rTF (IOUT,904) 
ur:T1E< IUU r ,9381 
W' :rTE: I lOUT. 931) (TIlLE (KX' .KX=I.40) 
ur.;IlE( IOUT,930) 
L'ln IT (IOUT,"'()~) XLL1<ICOtIT) 
WRlTE(lDUT,986) (YHflXII),OHflX(I),I=I,KY) 

:'I'1V=l.OE-lO 
:10 1" J"'I,KY 
Ir(QHIIX(I).GT.SHV) GO TO 16 
rFG=l 
W~ITE(IOUT.987) IJCONT,YHIIX(I) 

16 COIITINUE 
981 I-Of;HI'IT<lr10X.~<lH*),26H WIIRNING: NO RflINSTORM OF. 

t 13.20H HR DUR~TION FOR 19,12,2X,5(lH*),/) 
1F(IFO.EG.t) GO TO 1"1 
IJRllE (IOUT.':',l:,» 
C'I'IL.L RI'INt, (UHflx.N.RNt;,N) 
1'1=1. 
J!O " J =1, N 

F'LTP(I)"'(N+1'/fI 
r'FlO.'( 1 )'l--l/~'L TPC I) 

""'r'''.t . 
~'~ln~(PlTP(I)'-flLOG(PlTP(I)-I.' 

6 ~1'I"flX(I)=-(SORTC6.)/3.14159'*(O.5772157+/lLOG(Z» 
ImITE. (lOUT,907) 
UI':HE (lOUT,90S) 
L~klTE (lOUT. 933) UNIT (HU' 
1'0 7 1=1,N 

Ntl~HNt\ ( I ) 
l 101m n (lOUT. 910) Yri/lX (NN" OH/IX ( I ) • I , PL TP CI ) • PROII ( I "Kft"/IX ( I ) 

CftLl f"IT (K/lHftX ,ru./lX, SLOPE: .INTCPT .SE .STDD ,CORCOF .N."E/lN.1' 
C/ILL RESULT (SLOPE.INTCF", SE. STDD,CORCOF ,HE/lN.1, 1."U.IOUT) 
['0 8 I'~l." 

TT"l(l) 
B C/llL DESIGN CTT,SlOPE,INTCPT,l,HU,IOUT) 
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CI'ILL FIT (KI..,II'1X .OHI'IX.SLOPE. INTCPT .SE .STIII,.CORCOF. N. HEI'IN. 2) 
r:AI.1. IlESUL T (SLOPE .1NTCPT .SE. ST[J[J.CORCOF. HE"N. :2.1 ,HU.IOUT) 
no 9 I"loM 

T1~J(J) 

9 CAll [I(SIGN CTT.STUI.o.I1(I\No1 ,I1UoIOUT) 
II"\). 
lIeO. 

1>'0. 
,I , 

~'I~ 

JIll I () J~J,tI 

Ill()(i( I )~l'Il(lGl0(oI1I'1XI I» 
8=~.OLaG(I)*QLOG(J) 

10 A'AHlLOG( I) 
i'lEI'IN"I\I~ 
!:, 111.1' ~;Uln -: (IvA*I'I/I.) I (1\-1» 
[10 11 T".t.N 

11 f:"'Ct( (uLOG( J ) -HEI'IN) /5111(1)*11 DLOGI 1 ) -HEliN) ISHIII)* ( CDLOG (I I-HEliN I I 

1 " .-

1 SHIll) 

1 

r;~t':*C/( (K-l ),*(K-2» 
Bfj··:"li 

II (A{<"l(G) .LT .0.001 )(,:0.001 
WRITE (IOUT,911) 
I:,\ll hF' 1 KfTIIF;. II. f'L TP.O) 
WRITE (IOUT,912) 
IJla 1L. 1 rOUT, c;' 13) 
WRITEIIOUT,934) UNIT(I1U) 
1)1) 1~' 1=1. N 

NN"'I'(III(I) 
WRITE (IOUT,915) VHI'IX(NN).O"I'IX(I),OLOG(I).I,PLTP(I).PR08(I), 
KPEflfiU) 

CALL KPCKOES,I1.T.G> 
CI\LL fIT (KPEI\R,OLOG,SLOPE,INTCPT,SE.ST[I[I.CORCOF,N.MEAN.2) 
CI\LL RESULT (SLOPE,IN1CPT,SE,STOD,CORCOf,MEIIN,2,2,MU,IOUT) 
WRITE (IOUT.917) " 
r.o 13 I"' 1, II 

R=BTDP*K[lES(I>+MEAN 
k~fXP(2.302585.R' 

1~ WRITEIIOUT,94S) TII),KDES(I),F;,UNIlIMU) 
14 CON TI NUE 

9('~ FflRMAT 1I4,FlO.O) 
904 'O~H~T (1Hl) 
u0~ FO~MI\T (/22X.F4.1,2X,27HHOUR PUR~TION RI'IINF~LL DATA/23X.32(lH-)/) 
90~ FOR"~T (4(SX,I4,lX,Fl0.1» 
'ml, FOFc"~l (4(SXd4.1X,F8.3» 
'~07 FORH/'ll ( .. OX, 43UI'INNUI'IL HAXIMUM SERIES - GU"BEL (IISTRIflUTION, 

1 120X,43(1H-)/) 
90S FORMl\l (42X,18HPLOTTING POSITIONS) 
933 FORMl\l (IX.4HVEAR,5X.9HRAINFI'ILL(.1'I3.1H).5X.4HRI'INk,4X.13HRETURH PER 

110[,,2X.13HtJON-EXEC PRO II , 3X, 1HKI > 
910 FORMl'Il (1x.I4,F15.2,Il1,F15.3,F12.4,F12.~) 
911 FORHAT (lHt) 
'/J:' HRHAl <10X,57 HAHNUAL "AXIHUH SERIES - LOG PEARSON TYPE III DIS1RJ 

lf1UrIOH, I, lOX .57( lH'-) /) 
'}1:\ FOkHA'T <47X.1E!HPLOTTIHG f'OSITIOHS) 
9 H For~MAl (1X ,4HYEAR, 2X ,9HRIIJNF ... LLC .... 3, IH) ,2x, 13HLOO RI'IINFI'ILL , 3X ,4HFe 

11'1111-;,::>X, l:~Hr:ETURN PERIOI',:OX, 13HNON-EXEC f'R08, 2X, lH11.I > 
<:'1 S FORMAT (IX. I",F 12.2 ,FI3. 4 rI10 ,F13. 3 ,r12. 4,2X .F10. 4) 
':1'1 l'I'I<I1I\T (lXtl9HSI\MF'LE SKEW COEF ••• F?4/) 
94~ rORMnl (lX,13HI1AGNITUDE OF ,F~.0,7HYR. (Ks,F7.4.12H) RAINFI'ILL =, 

931 
t. Jr, 

l • ,.~ 

1010 
10J', 
1020 

1 F 1:1. ~, 1)(. A31 ) 
FORHl\ll/,5H}'·'»),401\1,5H««<./) 
InRH~l(/'BOCIHc)l) 
FIlI~MA T< 30 ( 1 H·~) ) 
~ pm1AT (,' /1 OX, S( lIl*> ,30HNUHE!ER OF Vt:IIRS DOES NOT ""TCH.//) 
FORHA1(40AI,20A1,I10) 
F'1r<1'I1'I1ISIS) 
FORI1Al!JIS) 
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I ,)~,~, I lI,m"'T (101""::'.0) 
I O',~ l-n';H',T (::!8 (I' ). :!9X. "OllrF;EOUENCY I'INI'IL YSIS OF F'REC [f'ITI'ITlON Ttl'lTI'I1 

1/1129X.201'1I,110) 
1('70 IOf:HI\TU/I/:'6X.:'1l19.1:,.61l 10 1901:,.2H. ,1:'.19H Yf_"r-.S OF kECORD 0"-, 

lF5.2.10H HOUr-. ['I'ITA///1"2X,oHI'IONTH5.3)(,I'I3.11I-,/'I3/) 
rtm 

:'UflnOl/lINE "'WS['I'I' (YEM ... O.I\n 

INIFGEf: YEM; 
" 1 I1rNS 1 0'" Y£l\n (99) ,(I( 99.1:') ,"DC 12) , X (9000), ['<1 ~O) , IT (24) 
DIMENSION NOV(2).tCI'IRD(2).tP(24).»CI'IRD(:'),JP(24),HI'I~ON(12) 
( IlMMGtU"I'II;A/l.I'IZTYI., NUr1ItEf:;, II-H;S1 , hlHIJ. HISS, H'II'IX , I"\U, 111 ,112. lOUT 

1 .1. Yr;".I1!; 
t'I'ITI'I U/lI'ION!3IlJI'IN 131-1.(1.<. 311t'l"R. 3HI'lf'R. 3HI'IA~ • 3IlJUH. * 3IUUL, 31 ... ,UI>, 3USH', 3HOCT. jH~I()V, JIi(lEC/ 

I I YI< l=l.I'ISl YRH 
t;Y-O 
rI1'~2" 
lNA!~5 

lFCKIND.ro.O) IN:!-3 
fl1k·O 
If (U'lrlX.C;T.9000) Wf.iITE(IOUT,lOl1) 

1011 rnRH"T(/,1DX,3~HDlI'IE~SION OF I'IRRI'IY X EXCEEDS LIHITS,/) 
1:!5 DO 130 1-1.IDIHX 
1:»0 XI})=O.O 

c 
C *H 

~)O5 

21" 
C "'** r; 
:'1 !; 

:-'1.6 

.: 
c *** 

220 

~~s 

C -*** <: 

) ~I:::;O 
11,0 
TH"'lSS.E(l.O) GO TO :!30 
NtH=:' 
Jr(HU.ca.2) GO TO 220 

) Nf'llr HOUflL Y F"F:EC IF' IT" TI ON [tI'I T 1'1 

J)u :10 Il~lI H 
~lhD(IN2.200~) NUH.IYR,IHO.IPY,(X(ItI2),I-l,12),INXDY 
t2~I2+12 

rFOIUH.NE.NUHItER,OR.IHR.NE.O) GO TO 216 
II'IF:~IHO 

1 YH<~IYR 
IF (NlJtI.EO.NUHflER. I'IND. IYR.GE.IFIRST.I'IND.IHO.GE.Hl 

1 ./'INII.IHO.LT.":!) GO TO 320 
12~Q 

GO TO (205,220),MN1 

HlF'UT HOURLY F'f(EClf'lTflTlON DflTI'I 
DO 225 II~I.IZ 
r:r.Arl ( IN2 I :'>010) NUH, lYfI, I HO, lIlY, I X I 1+12) , 1-1 , 12) • I NXIlY 
12"12+12 

no TO :!15 

c .****************************.*.*. 
(: 

c: THE ST"TEH[HT IN THE FOLLOWING SIXTY LINES IS FOR THE PURPOSE TO 
C CORRECT HOURLY PRiOCIF'lTI'ITJOtl DAT'" 
L 1. CORRECT REVlRSEII NITI'I CI'IRDS OF " D"Y 
C 2. INI'EHTIFY "Nn IGNORE HISSING bl'lT" 
( 3. II4DENTJF'Y I'ICCUHULI'ITED MTI'I /'IND SET THE" TO liE ZERO 
C 

c: ************************t********* 
:!30 1<:2=0 
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c 
c 

C 
( 

IF(MC3.HE.0) GO TO 23~ 
(II'ITII KKK /3H·· I 
DI'ITII 1m" /3t10- / 
DIH", rlE<E< /3U I 

235 (TY--IIK" 

*** 
:>40 

245 
... ** 

INNI, tlOURL Y F'RECIPITIIT ION DI'ITII 
""1'<J 
DO 245 Il"l,IZ 
RE"lI( IN2, 2015) HUH, UR, 1HO. J [IV. ICI'IR[t( II), (IT (ItK2). 1-1,12) ,NOV( II) 
~2-K2+12 

1\2'"'0 
IF(NUM.NE.NUHDER.OR.IHR.NE.O) GO TO 248 
IHR=IHO 

24H 
lYER:JVR 
IF(NUH.EO.NUHBER.I'INO.IVR.GE.IFIRST.I\N[I.IHO.GE.H1 

C 

t: 
C 

t** 
250 

1 ."N[I. IHO.L T .1'12) GO TO 260 
GO 10 240 
IUI'UT HOURL V PRECIPITI'ITION [II'ITI'I 
DO 255 II -I • 1 Z 

255 
~FI'ID(IN2,2015) NUH,IYR.IHO.IDY.ICI'IRD(II),(IT(ltI<2),I-l,12),NOV(II) 
1<2"1(2t12 ... 

260 

:'1>5 

t:2"O 
IF(ICI'IRD(1).EQ.1) GO TO 2?v 
WRIT[(IOUT,300~) IVR,IHO,IOV 
no 265 'f,.l,12 
IF'(1 )=IT( 1+12) 
[PC I+12).ITCI) 
INXDY-NOV(1) 
NCI'IRD(2)·ICI'IRD(1) 
~CI'IRD(1)·ICI'IRD(2) 

GO TO 280 
270 DO 275 I~l,24 
275 [P(I)"1T(J) 

INXfly,.tIOV(2 ) 
NCA~D(l)·ICIIRD(l) 

NChn[t(2)·ICIIRD(2) 
280 [to 291 1=1.24 

JF(IPCJ).NE.NBB) GO TO 281 
WnITE(IOUT.3010) JYR.IHO.IDY,(IP(J),J-1,24),INXDY 
GO TO 282 

281 CONTINUE 
'82 IF'(IYY.EO.NNtI.I'IND"IP(U.NE.KKK.I'INO.IPCll.NE.NNN) GO TO 283 

DO TO 284 
283 IP(1)-KKK 

IND"1 
284 DO 285 1-l,2J 

IFCIP(I).EO.NNN.I'IND.Ip(I.1).NE.NNN./'IND.IP(It1).NE.KKK) GO TO 286 
GO TO 285 

286 IND .. t 
DO 287 J-.,24 

287 JP(J)"IP(J) 
TI'O+l )"KKK 

285 COIITJNUF: 
I r f tNt. EO.l) WRITE( IOUT,J01S) lYR, 1"0, IOY'( JP(J loJ-.,24), INXDY 
IYV-IP(24) 
JND-O 
R£WIND 10 
WHITE (10,2020) (IF'C 1),1-1,24) 
REWIND 10 
IF(HU.EO.2) GO TO 290 
RE~D(10,2025)CX(ItI2).I-l,24) 

I:.!""I2t:!4 
GO TO 320 

290 RE~D(10,2030) (X(ItI2),I-1,241 
12Rl2t24 
GO HI 320 
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c •••• *** •••• , ••••• , •••• *'*"",., •• 
c 

c 
c 
C 

c 
c 

C 
C 

C 
C 

C 

C 

C 

*** 300 

30:; 

-*. 

"'** 310 

315 

*** 320 

325 

3JO 

335 

CIlEn; IF IT IS LIISl tillY OF SPECIFIEr. SEIISON 

II' (INXDY .EO. 1.lItlll.IIIO. [0. H2) GO TO 405 
IF (I"X[IY .EO.l.IIN£I. tltO. En. UtFc.IIND.I ¥F: .EO.L YR) GO TO 405 
BU HI (300.310.250) .NHI 

IHf'UT HOUFcLY PRECn'llllTlON DIITII 
DO 305 11"'1.11 
1>£.11£1 (IN::>. 2035) lYI,.IttO. IDY. (X( 1+12).1"'1.12). INXDY 
12=I:!t12 

GO HI 320 

INPUT HOURLY PRECIPITIITION DIITII 
[10 315 II=I.IZ 
RfIlD(IN2.2040IIYR.IHO.IDy.IX(J*I2).1-1.12).JNXDY 
12-12+12 

I1-ITT,(INXDY-IDY) 

IF(ll.GT.O) GO TO 295 
GO TO(325.335.325.330.325.330.325.325.330.325.330.325).IH0 
NUPIDY-J1 
GO TO 340 
NUHrIY-30 
(;0 TO 340 
Xl"IYR 
X2=') YR/4 
XJ-=Xl/4. 
r.(X2.EO.X3) NUMDY-29 
IF<X2.NE.XJ) t'UHDY=28 

340 Ilr(NUH[IY+l-IDY)'ITT 
GO TO 295 . 

C IDENTIFY EliCH RIIINSTORH liND COHPUTE ITS DURATION. TOTAL DEPTH 
C 

405 LC-O 
HC-l 
Ne""l 
[10 430 JD-1.12 

430 IIQ (JIll =0. 
[III 47~ 1'"'1012 
IF(X(I).OT.O.) GO TO 410 
Ir(NC.NE.HC) GO TO 420 
GO TO 475 

410 IFCLC.GT.O) GO TO 415 
N("HC+1 

415 ;"'C=LCH 
DILC)"XeI) 
JF(I.EO.12) GO TO 420 
GO TO 475 

420 JF(LC.GE.1.IIN[I.LC.LE.12) GO TO 500 
GO TO 4;14 

500 DO 505 J-1.LC 
JI-LC-J+1 
no 504 J2'"ltJ1 
J3-J2+J-'1 
5I1H,,0. 
DO S03 J4"J2.J3 

503 SUH"5UH+D(J4) 
IF(SUH.GT.IIOeJ» AQ(J).S~ 

~04 CONTINUE 
505 CONTINUE 
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",.-
"7~ 

480 

1-

C 
4B~ 

I1CzoI1C+l 
LC;O 
CONTINUE 
IH"KY+l 
00 "80 1 ['.1 , 12 
(;I(IIY, {D).AU( Jr') 
YFAR(KY)=nF< 

CHECI( If IT IS THE LAST YEflH OF THE F'ERIOI' TO liE flNI'ILYZED 

IF(I~R.LT.LASTYR) GO TO 12~ 

WRITE(IOUT,4000) NflI10N(IHR),IYER,NflHONILHRI,LYR 
N1113"111 
NI1T4'-'H2 
WHITf(IOUT,4001) NflHON(NHT3),NflHON(NH141,IFIRST,LI'IS1YR 
IFI{HR.LE.HI) GO TO 502 
II'IRIa II'IR-l 
WRITE(IOUT,"002l NflI'ION(NI113),NflI10N(IHR1),IYER 

~02 IFILHR.G~.H2l RETURN 
LI'IF<l=LI1R+l 
I1NI10"I'IONTH(NI10) 
WRllE( IOlJT,4002l "'I'I110N(l.I1F<1) ,NflI'ION(I1NHO) ,LYR 

"000 FORI1f1T(IIIOX,16HLENGTH OF RECORD,3X,1'I3,3H 1~,12,3H -
1 fl3.3H 19.12./) 

"001 FORI1f1T(/10X,1~HPERIO[l flNflLYZED,3X,fl3,3H - .1'I3.1H,.3H 1~. 
I 12,3H - ,2H19,]2,/) 

4002 FORHflT(/IOX,29HPflRTlflL SEflSON : NO DI'I11'I FOR, 
1 1'13,311 - ,fl3.3H 19,12/) 

c 

c 

REf URN 
2005 FORHflT(]6,312.1X.12F3.2,2~X.12l 
2010 FORl'lflT(I6.312.IX.12F3.1,29X,I2) 
2015 ~ORI1f1T(]6.3I2.ll.12f1J,29X.12) 
2020 FORHflT(24f13) 
202~ nll,I1I1f(2"FJ.2) 
2030 FORHflT(24F3.1) 
20J~ IURhIlT(6X,3I2,lX.12FJ.2,29X.I2) 
2040 FORMIIT(6X,312,IX,12F3.1,29X.12) 
3U(,S f IIf:I1I1T (2:~H** REVERSE[o ['I'ITfI .. 19.12.214) 
3010 FORHIIT(2IHtt HISSING DflTfI ** 19.12,214.SX,24f1J,10X,I2) 
JOl~ FORHflT(25H** I'ICCUHULflTED DI'ITfI ** 19,12.2I4.5X.24I'1J.l0X,]21 

ENU 

OU9ROUTINE RflNK (QHI'IX,JJ,RNK,NN) 

/l]HENSION FLOW(99), RNK(99)' OHI'IX(99) 
INTEGER fiNK 
IIU I I-I,JJ 

FLOW(])-OHI'IX(I) 
Nul 
DO " K-l.NN 

[10 J ]"I,JJ 
IF (FLOW(I).OE.FLOW(N» 00 TO 2 
GO TO .5 

2 RNK(K)-I 
N~f<NK(K) 

J CONTINUE 
FLOW(N)=O. 

4 ~lINTJ"UE 
['0 ~. J •. 1 , NN 

"'~HNK(I) 
S FLOW(I)-O"AXCN) 

DO 6 I"I,NN 
6 O"AXCJ)-FLDWCI) 

RFIURN 
LND 
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e 
C 

C 

C 

c 

SUIJIlOUTINE FIT C K.O. SLOPE. INTCPT .BE .B!DD.CORCOF .N,HEIIN,NL 1 

DIMENSION ~(9.', OC9., 
REIIL K.JNTCPT,HF~N 
.J"'1 
fisN 

n CNL.rO.:» GO TO ~ 
A:::I:(). 

B O. 
C"O. 
[I,. O. 
00 1 I-J.N 

" .. IIfKCII 
1):8fOCI) 
C' CfKO ,.00) 
D-nfKCI).KCJ) 

E"I'I'I\-"*D 
HLOf>EaCII*8-H*C)/E 
JNTCPT-CII.C-D.8) IE 

2 CONTINUE 
t:c:z:O. 
e~o. 

rIo :5 lEJ.N 
3 B=II+O<l1 

BI=8/" 
hEliN-1II8 
DO 4 I .. J.N 

4 C-C+(QC1)-88)*CQ(I)-BIII) 
STDO-SORTCC/CH-l» 
IF (NL.EQ.2) INTCPT-"EIIN 
IF CNL.EQ.2) SLOF'E=STDD 
""'0. 
9aO. 
DO 5 I-J,N 

I'I·IIfCSLOPE*KCI)+INTCPT-O(I»*CSlOPE*KCI)tINTCPT-QCI» 
5 B-lfCSLOPE*KCI)tINTCPT-BB)*CSLOPE*KCIltJNTCPT-BII 

SE-SQRTCII/("-2» 
CORCQF-SQRTCB/C) 
RETURN 
END 

SUBROUTINE DESIGN c"T.SLOPE.INTCPTo"."U,zOUTl 

REIIL K,INTCPT 
DIMENSION UNIT(2) 
DIITII UNIT/3HIN •• ]HHH./ 
IF (".EO.l) GO TO 1 
"-CSURTC •• )/3.14159)*C"LOOC10.)'"L0010CT)-O.5772157) 
a-SLOPE*KfINTCPT 
00 TO 2 
ZaliLOOCTI-ilLOOCT-l.) 
"a-(SORT(6.)/:5.14159'.(O.5772157+IILOO(ZI) 
O-SLOPE.KfINTCPT 

2 COIHItI'JE 
WRITE CIOUT.902) T.K.O.UNITCHU) 
RETURN 

902 FDRHIIT (lX.13HHilONITUDE OF .F4.0.1HYR. cK-.F1.4.12H) RIIIHfIlLL -. 
1 F8.l.IX.lll!.) 

END 

SUBROUT1NE RESULT CSLOPE,INTCPT,SE,STDD,CORCOF,"EIIH.","",KU,IDUT) 

REIIL INTCPT.~IIN 
~IHE"SION UNIT(2) 
DIITII UNIT/3HIN •• 3H""./ 
IF (H.EQ.2) DO TO 6 
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c 

c 

WRI1E (IOUT,901) 
WRITE <10UT,903) INTCF"T.UtIlT(I'tU) 
WRtTE (IOUT,90:') SLOf"E..UNIT(I'tU) 
WIHTE (IOUT,904' SE,tJNIT(I'III) 
WFillE (10U1.906' CORtUI 
RF fIIllN 

I:. CIJIHWUE 
~RliE (IOUT,910' 
IF (1't1't.[O.~'UO TO 8 
Y~lTE (IOUT,911) I'tE~N.UNIT("U' 

1011;1 rl (IUlIl ,°12) f;T[,[,.UNI1("U) 
WHIH (J OUT, 904) r>Ft UNI1 (l1U) 
YR1TE (IOUI,906) CORCOI 
RE HlIlN 

B Cllrn INt'E 
fJ"~),P(:O.30:o~a5*"E~N) 
wrnll (IOltT.914) I1EMIoB.UNlT(I1U) 
WRIlE (IOUT.915) s,p~ 

YRITE (IDUT,91A) KE 
UR J 11 (J OU T • 906) CORCOF 
K~' rlmN 

901 r'OHI1"T Cl/20X.311mESULTS USING LE"ST SQU"RES FIT/20X,JlClH-)1) 
9('2 FORI1"T ClX.29HSLOPE OF Lr:"ST SQU"RES LINE: ... F10.2.1X,II31) 
V()3 FORM"T (IX.33HINTERCEPT OF LE"ST SQUARES LINE K.F10.3,lX,IIJ/) 
904 FORI'I"T <1X.2811S'-I"IND"r,[, ERROR OF ESTlI1ATE ~,FI0.3.1X.AJI) 
906 FORMAT (lX,2~HCO~RELATION COEFFICIENT =.F7.4/) 
907 FORI1AT (IX,29HSLOPE OF LE"ST SQUAP.ES LINE ~.FI0.5/) 
908 FORI1"T (IX,33HINTERCEf"T or LEAST SQUABES LINE .. ,FI0.5.2)(,lH",FI0.2 

1 , 1 X. "31) 
909 FOR""T (lX.2BHST"ND"RD ERROR OF ESTIHATE -.FI0.5/) 
'JlO FORrI"T (/ 120X. 46HRESUL TS USING S"HPLE HEAN "'U' ST""'D"F![I DEVII'ITIDNI 

120X .4a( lH-)1) 
911 FORI1"T (IX.13HSI'IHPLE I1E"N =,FI0.3,lX,II3/) 
912 FOR""T (IX,27HSAI1PLE ST"NDI'IRD DEVIATION •• FIO"3,lX.II3/) 
914 I-ORI1"T (IX,13HSAtlF"U: I1EI'I'" ~.rlO.5,2X.1H",F10.3.1X."31) 
915 FORI1AT (lX.27HSl'ltlF"LE STAtID"R~ ItEVI"TION -.FlO.51) 
916 FORHI'IT CIX.28HST"N('''RD ERROR OF ESTIHATE .. ,F10.sl> 

END 

!ju£tkOUTINE liP (K.N.Pf",G) 

[lII1EN£ION 1\(99). f"f"(99) 
COI1I'tON f'(I.W.C,SORTC,GG 
H~ I'll I1E"th t<: 
EXTFRN~:. r 
I:ERB~1.C[-6 

1i1i'·'1> 
,\,,1':1:"0. 
C%4./«(J*li) 
~II'-C-l. 

S~RiC=SOR1 ( C) 
IF< MIS ( (l) • LE .0. 5) W"ALO""M C) 
JF(IIDS(O).GT.O.S)WaGA"HI'I(C) 
IF (IER.EQ.129.0R.IER.ED.130) STOP 
I~l 

1 CONTINUE 
P"l. -1./F"F"( I) 
IF (D.Ll.O.) P-l./PP(I) 
1\())=-.7797*(.5772+"LOO("LOO(PP(I))-"LOG(PPCI)-1.))) . 
IF (G.LT.O) KCI)--.7797*C.S77Z+"LOGCALOOCPPCI)/CPPCII-1»-"LOGCl/C 

1 PP <I ) -1 » » 
I'I=--SORTC+1E-IJ 
IF(~(I).LE.")K(I)·" 
B"I\(I) 
S .. rtC"DRECF,,,,tc."ERR,RERR,ERROR.IER) 

2 COlnlNliE 
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C 

c 

I 

Y~rc Jl) 
Dk:(P-S)/Y 
1 F II\I:IS ( 10K ' • LT .t .) GO TO 3::;0 
IFI1oK.Ll.O.)~K·-l. 
IF({OK.G[.O.'UK=1.0 

350 emIl I NilE 
JII"=F"'S 
Jf (/\ItS ([If') .l T .0. GOOOOl> GO TO 3 
I\~D 

199 rr«[<+[lIO.Gl.-sOmC)GO TO 200 
[I"',[lK/2. 
011 III 199 

200 rO:H INUE 
I! "Ict Ilk 
DS,\lCI\ORE(F.I'I.I1.I'IERR.RERR.ERflOR,IER) 
S=5tDl:i 
t<. (1) "td I) HII( 
GO TO 2 

3 CONTINUE 
1« I) -/I (J )t[lK 
lr (G.lT.O.) K(I)--I(I) 
IF (l.EO.N) RETURN 
1",J+l' 
GO Tn 1 
END 
I UNCTION F ()() 
r.OHHON 1I11.W.C.SORTC.GG 
Xkl~PC"'X*SI1RTC+C 
IF' (1'195 (GO) • LE. O. 5) I'IRGl=I'ILOG(SORTC )-W+99*IILOG( XRCPC )-XRCPC 
IF(lIlIS(GG).GT.O.5)I'IRGL-SORTCtXRCPC*.BB/(W.[XP(XRCPC» 
IF (1I95(I'IRGL).LT.500.) GO TU 1 
• =1.E-30 
RETUkN 

1 I:CINTlNUE 
f"=[XP(I'IRGl) 
IF(I'IDS(GGI.GT.O.5)F-IIRGL 
RETllnN 
UW 

SUFlROUTINE UERTST (IER,~UNK,IOUT) 

IF(IER.lT.128) RETURN 
WRITE(IOUT.l) IEk 
HElURN 
Hlld41'1T(27H POSSUtLE ERROR IN K VI'ILUE .Il) 
F.Nf! 
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FEDERAIJ. Y COORDINATED PROGRAJI 4FCPt OF HIGHWAY 
RDEARCII AND DEVELOPlO'.NT 

The 0fficeI of Re.areb aad DeYeIopaeat (RID) of 
til. Federal HiP.I, Adaiaimatioa (FHWA) .... 
rupolllible for I broad prop .. of .... aDd coalfact 
reMarch aad dnelop ... t aad I rederaHid 
pl'OlfUlt coadllcted b, or tIlro ..... tile State hiP.I, 
trauportatioa apaciel, tIlat iDehadee lb. HiP.I, 
PIaaaiq ud IleIeardI (HPIR) prapaa ud tile 
Nltioa" Cooperatift HiP-, Reeearch Prop .. 
(NCRRP) ......... b, tile Trauportatioa B_arch 
Board. The rcp ia I cuefuIly .. Iected pollp of pro;' 
eeu Iblt ..... reeearcla aDd d...&opIHal _lIreea to 
obtaia tilaelJ IOIutioai to urpat utioa" hiP-, 
.qiaeeriq prob ...... • 

The cIiqoaal doole lll'ipe oa tile COYer of Ibil report 
rep_II I hiP-, aDd iI coIor<Oded to icleatify 
til. rcp catePIJ tIlat tile report fall UDder. A red 
.tripe it ulld for cateprJ 1', clark blu. for catePIJ Z. 
liPt blu. for CltelOlJ S. bro,.. for ca"pry 4. FI' 
for catepll 5, peeD ror catepri .. 6 aDd 7, ead ea 
oraap lll'ipe ideatifiel cateplJ O. 

FCP c.....,. D.eripdou 
1. fa .............. , DeIIp ... 0penIIaa 

-Wety 
SafelJ BaD ad .... pro ...... IIIOCiated witla 
Ibe NIpOIIIibilities of the FBW A UDder the 
HiP.I, Safety Act aDd iDcladea iDYnliptioa of 
Ippropriate dllip .... danb, roadIid. bard ..... . 
• ipUIc. aDd phJlica1 ead lCieati6c data for ... . 
r __ tioa of _pJOYed ufety replatioaa. 

2. R ...... of TnfSe Coqulloll, ... 
.......... Opu ....... Eaw •• .". 
Tratlic RID iI coaeerMd witla iDcruIiq the 
operado... efBcincJ of aiItiIIt hiPWIIJI by 
IdYlaci., tecllaolou. b, iaproYiq ..... for e.. .II II weB II .... r.ciJilill, aDd b, bale.., 
the ~ nlatioullip duotIp traI'fic 
......... t ~ ........ aDd carpool 
prefemadal ana .......... bafonaatioa, ucI 
reroutiq of Inftic. 

la' ......... aD iI dinctM ...... w..tifJ-
iq ............ wpway ~ tUI aIfecI 

........... ........ _ ..... 10 ............ 

........ T ................................ ' .. IIMl .... ............ ,. ........................ ...... 
-... ..................... I •• _,.....~ 
thl: .............. .c._ 

9. 

"'e qualilJ of the b ...... eatiroulla .. The ..... 
.... reductio. 01 acmne hiP-, aDd tnIIic 
iID ..... aad protectioa ud eabaaceaeat of abe 
.atiro ..... .. 

t. I.,roy" Material. 11UII .. tlo. ... 
o.nItWIy 
Mlteriall RaD it c:oaceraed witll .apuadiq .... 
kaowiedp IDd tecbaoloO of "Iteriala propertiel. 
..... ..nable .Itural .. terial&. -pnma, 1trIlc­

tural fouadetioa .....n.a.. ncycIiq biP.I, 
.. lteriaIa, co.wertiq iDdaatrial ...... iDto IIIIfIal 
bit1l.I, prodacta. deYelop.. esteader or 
.ut.titllte .. aeriaII for mOIl iD Ihort wppIJ. ead 
dlftlopiq .... rapid aad reliable tutiDt 
procH ...... n. pall .... 10_ hiP.a, COD· 
.lI'Uetioa COllI ea. ateatled ..u.teaaace-free 
operatioa. 

I ................. lit R ...... eo.... EXIeIIIl 
IJIe Eap..ee..,. aM ...... !IIneIIInI 
!dety 
Structural BaD it COIICIrIIIIi wiG futberiq the "tilt tecIuaoiop:al adYaacee ia lll'uctural aDd 
bydrulie ....... fabricaIioa pNClllll, aad 
coDlll'1letioa tecbaiqueI to proYide _. efIicieat 
hiP • .,. It rellOaable COllI. 

•• I.,roy.. Tee •• olon for B" •• a, 
C ........... 
TbiI catepry iI coaeeraed willa .... ,....,., 
d ... ,... .............. tioa of biP,.., 
COUInlctioa tecluaoIotJ to ....... prDIiucamlJ • 
redace eDerI7 ~ CICIMIrft dwia4liq 
reIOUI'CIII, aDd redaee IICIItI .lIiIe iIIprotiq .... 
qulilJ aad ........ of eoaatnactioa. 

1.1.,N." Teela.olon 'or Bqla.a, ........ _-
Tbie catIIOIJ add....- proWa_ iD p~ 
.... Nltioa· ...... WIIJI ad iDebuIIa actmtieI ill 
,..,... ........... trdic ..... ...... 
_ ............. LTM ....... ·.--
oparatiou1 .aw..e, ... ..,.., to ........ ,.. 
pUlie wlIiIe --. .......aa. 

•• 0dIer .... ~ 
TWa .....,. !lOt ....... ia ..... , ...... 
oI&ciaI -...-& of .... PCP. II al.c ........ 
BPH ... IfCBaP ......... leII..., ..... 
... PCP pnjeeta. ............... lID 
...... ., .... nnrA .......... ---. 


