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FOREWORD

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 frequency analysis of
rainfall depth-duration-return period relation.
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Sufficient copies of this report are being distributed to provide a minimum of
two copies to each FHWA regional office, one copy to each division office, 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 spansorship of the Department
of Transportation in the intsrest 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
Transportation.

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 bhyetograph) to facilitate the use of rainfall-runoff
models such as FPA's Storm Water Management Model (SWMM), Since these rainfall-
runoff models can provide more accurate estimates of runoff characteristics
than existing empirical methods such as the Rational Equation, highway engineers
can develop more 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 the 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 IIT describes the methods to estimate the depth and
intensity of rainstorms if the user does not have better methods for their
determination, Chapters Il and I11, with the figures and tables included,
are self-content and normally sufficient for an engineer to develop his
design hyetograph withcut using the information provided in Chapters IV and V

of this volume,.

However, the user may prefer not to use the national map of parameter
values of nondimensional triangular hyetographs presented in Chapter 1I.
Instead, he may prefer to establish his own local values of the parameters when
the standard National Weather Service (NWS) hourly precipitation data is
available for the design location. 1In 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 guide for the program
“ANHP is given in Chapter V.,



Although they are interrelated, Chapters Il 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 volume have been formulated
as simple as possible for field applications. In developing and preparing
these procedures and guides, trade-off between simplicity and practicality
has been carefully weighted. Nevertheless, this does not prevent those who

would prefer to improve the methods by sacrificing simplicity.



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 smaller than 20 square miles (50 kmz) or, have a time of
concentration less than five hours. Section A, the most important part of
this chapter, gives the standard 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 zet 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
as follows:
(1) Determine the duration of the design rainstorm, td’ in hours -~ It is
recommended that the duration of the design rainstorm be taken
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.
(2) Determine the design return period, Tr, in years ~- The design return
period should be determined on the basis of acceptable risk.
[Yen, 1970; Yen and Tang, 1976; Tseng et al., 1975; Young et al., 1970]
(3) Determine the nondimensional triangular hyetograph parameter value, a° —-
From Fig. 1 the user select the value of a® at the location of the drainage

basin and corresponding to the design duration and return period. Inter-
polate the a° values if necessary.
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(4) Determine the rainfall depth, D, in inches or mm -~ The depth of the design

(5)

rainstorm of the specified return period 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 1 hour, use NOAA Technical Memorandum NWS HYDRO-35

[Frederick et al., 1977].

* For the United States east of 105°W with rainstorms longer than 1
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 105°W, use NOAA Atlas 2 [Miller et al.,
1973] and extrapolate as described in the atlas for design durations

less than 6 hours.

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

of next chapter. Use of HYDRO-35 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 kmz), an area reduction factor should be applied to
the point rainfall depth obtained from TP-40, HYDRO-35, 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.

Compute the values of dimensional parameters of the triangular design

hyetograph =- With the values of D and t, known, the values of parameters

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

following equation

am= a°td (2.1)
b= b.td (2.2)
h= h°D/td - ZD/td 2.3

where a® + b° = 1
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Fig. 3. Triangular hyetographs

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

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

d
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, tys 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 reasor 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 is the farmost
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 en9 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 also be noted that if
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the project involves design of several chamnels, each channel should have its
own design storm duration corresponding to the drainage area and critical flow
time 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 time, tt’ along a flow path
is the sum of the overland flow time, to, and the channel flow time, tf, i.e.,

.t + e, (2.4)

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

as the longest‘tt. y

In order to compute 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 drainage basin (point of interest) along
the flow path to the ubstrean basin divide. The elevations at the basin
divide and at the upstream end and outlet point of the channel, El' Ez, and
33. respectively,should also be determined. Next,the overland slope, So,

is computed as
S & —cmm— (2-5)

and the channel slope, sc. as

E, - E
2 3
sc - T (2.6)

in which the lengths and elevations are all in feet or meters.
(1) Estimation of overland flow time to == The overland flow time, to in

hours, is estimated by the following formula:

e ek (e, 2.7
o 7;: *

in which Lo is in feet or meters not exceeding 3000 ft (900 m); s° is
nondimensional (i.e., ft/ft or m/m); the value of the constant K is given
in Table 1; and the surface roughness factor n is given 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 L0 in feet 0.02 0.0.5 0.01
For L inm 0.04 0.03 0.02

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

land surfaces of heterogeneous nature {Yen, 1981].

(4) Estimation of channel flow time t; -= The channel flow time, t_ in hours,

f
is computed as

Le

Y~ 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, Lc is in feet

and V is in feet per second. For SI 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

ji=1,2, ... (2.9

where Lj is the length of the jth reach of the channel of the

flow path. If the flow velocity of the jth reach is V,, the channel

3

flow time, t_ in hours, can then be estimated as

f

L
t =

£ § 3600 V j=1, 2, ... (2.10)

3

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 surface
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

0.011-0.014
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

Pasture 0.045-0.060
Cultivated rows, with crops 0.040-0.070
Deciduous timberland 0.050-0.075
Deciduous timberland witn

deep forest litter 0.060-0.100
Conifer timberland 0.060-0.100
Dense grass 0.060-0.100
Shrubs and bushes 0.100-0.150

LAND USE n

Business 0.015-0.035
Semi~business 0.025-0.050
Heavy industrial 0.020-0.,040
Light industrial 0.025-0.050
Dense residential 0.030-0.060
Suburban residential 0.040-0.080
Parks and lawns 0.050-0.100

12



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 , 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 ylelds acceptable design hyetographs.

Table 3. Approximate Channel Flow Velocity

Return period Estimated Channel Velocity
Years ft/sec n/s
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 18 to be established for use in the
design of a highway culvert draining the Madden Creek basin near West Salem,
Illinois. The drainage basin 1s shown in Fig. 4. The design return period
is 25 years. Following Seccion A, the procedure to establish the design
hyetograph is as follows.

(1) Determine ty
The duration of the design storm, tye 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 elevations and lengtha of

the overland and channel of the different potentially critical flow paths
are taken from the U.S. Geological Survey 7.5-minute map, West Balem, 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 deaign
duration tys which 18 0.8 hours from the central path in this case.

13



(2)

3

4)

(5)

(6)

Determine '1‘r

The design return period Tr has been specified as 25 years.

Determine a°

From the map shown in Fig. 1, for the design location a® = 0.33.
Determine the rain depth D

Since the duration is less than one hour, KYDRO-35 is used to determine
D. The detail is given in Section III-B. The rain depth for this
location for ty = 0.8 hour and Tr = 25 years is 2.4 inches. No area
reduction of D is required since the draining basin is less than 8
square miles (20 km2) in size.

Compute the values of triangular design hyetcygraph parameters

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

a= a°td = 0,33 x 0.8 = 0,264 hours

b = td - a = 0.536 hours

h = 2D/td =2 x 2.4/0.8 = 6.0 inches/nours
It should be noted that the peak rain intensity, h, is equal to twice

the average intensity (i = D/ty) used in the well known rational formula.
Construct the design hyetograph
The design hyetograph from this example is shown in Fig. 5.

-
&1 y {150
bey B >
= =
€ & 4t 4100 & &«
t €<
- .C - E
£ ~ 2k 450 £
& s &
0r— . - 0
0 0.264 2.8

Time, hours

Fig. 5. Example design hyetograph
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TABLE 4, Example Computation of 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

Lo, ft 800 1100 800 500
Channel length

Le, ft 8600 7800 7600 8700
Total length

LotLle, ft 9400 8900 8400 9200
Overland

slope, S, 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
ty, hr

(n=0,06) 0.32 0.37 0.38 G.23
Channel flow

Velocity, V, fps 6 5 5 5
te = Lclv, hr 0.40 0.43 0.42 0.48
tes hr 0.72 0.80 0.80 0.71

15



I1I. 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 using
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
(Fige 6, 7, and 8).

There are 49 rainfall depth maps in TP-40 for durations of 1/2, 1, 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 duraticn or return period different from those
given in TP-40interpolation is required. An example is illustrated in Figs. 9 and
10 to determine the depth of a 2.5-hour 30-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 showing depth vs. duration for different return periods.
Also read from TP-40 and plotted in Fig, 9 are the depth values for 1l-hour and

6-hour durations -- these values are not essential but helpful to improve
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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). These values of depth are subsequently
plotted as a function of return period as shown in Fig. 10. The 30-year 2,5~

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

B. Rainfsll Depth Determination from HYDRO-35

For rainfall having duration of one hour or less in the contiguovs 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 HYDRO-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 fﬁr a given return period are obtained using the 5,

15, and 60 minute values for the same return périod as follows:

D = 0.59D n + 0.41D

10 min 15 mt (3.1)

5 min

- 0.491)60 (3.2)

+ 0.51D
n

D30 min -t 15 min

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.

DT: yr - aD100 yr + b”z yr (3-3)
Return Period, T, years a 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 18 0.8 hour. Taking this as the duration of the 25-year
design storm, the depth is computed as follows.

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

depths are read:

Tt = 2 years, D15 min 0.88 in., D60 min ~ 1.5 in,

T, = 100 years, = 1.71 in., = 3.2 in.

D15 min D60 min
Thirty-minute rainfall depths are computed by using Eq. 3.2,

For Ty = 2 years, = 1.14 in,

D30 min

For T, = 100 years, = 2.44 in,

D30 min
Plotting of these values as shown in Fig. 13 gives the depths for duration
equal to 0.8 hour,

T, = 2 years, D0.8 hr - 1.4 in.

T, = 100 years, DO.B hr 3.0 in,

3——
n
2
g Ll E
< C
s 5

o
& 2 Yeal °
b -]

-
= 1} Eé
& 20

0.8
0 | l L4 0
0 0.25 0.50 0.75 1.0

Duration in hours
Fig. 13. Depth interpolation for HYDRO-35
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Therefore, from Eq. 3.3, for 0.8-hour duration,
= + - bl . .
025 0.0669 D100 - 0.293 D2yr 2.42 in

The average intensity is i = D/td = 2,42/0.8 = 3,03 in./hr.

C. Determination of Rainfall Depth Using Precipitation Record

Sometimes in highway drainage design the user may 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 HYDRO-35, The procedure

involves the following steps:

(1) Selection from 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 to establish the rainstorm depth(intensity) -

duration - return period reiationship.

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

The most likely precipitation 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
(TD-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 - 0dd 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 program FANHP
described in Chapter V to perform the data selection, frequency analysis, and

computation of the depth for the design return period. If the design duration
is not an 1ntege{ multiplier of an hour, the user should interpolate from inte-

ger-hour duration values.
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CARD CONTENT

A $32ANIS Y NOCT0LYNIY) Ny Iung YINLVIM
A0 0WINGD Vivd ‘TINMEIS wiWivIM yw OM

C.:‘ Howm Cobe Remerns
N Alabama 17 Maine 33 Ohio $0 Alaska
1-2 | Bate o AL 318 Moryland 34 Oklahoma $1 Kauai, Isiand Havalina
{Sce map, 03 Arkansas 19 Massachusetty 35 Oregom $2 Oahu " "
paee ) 04 California____ 20 Michlzan 38 _Pennsylvania 53 Molokas, * -
0% Colorado 2T Minesdda T nde Inlan Lanal w w
06 Conwcticut 22 Missiaslppt 38 South Carolina 85 Maualf, b .
07 Delaware 23 Missourd 39 South Dakota 56 Ilawaii, v L
| 08 _Florida 24 Montann _ 40_Tennessee G0 _Bahama Islands
09 “Georfaa 23 " Nebraska I Texas B8 Puerlo TOSE
10 ldahs 26 Nevada 42 Utab 67 Virgin Islands
11 Hinois 27 New Hampshire 43 Vermont 68 Honduras
12 Indiana 2R_New Jepsey. 44 Virvinia AL M
WA 297 hew Meaico 45 Washiiton 82 Mexico
14 Kansas 3V New York 48 West Virginia 83 Swan laland
15 Kentucky 31 North Carolina 47 Wisconsia 90 Canada
16 1.ouisiana 32 North Dakota 40 Wyoming 99 1Misc, Stations
-§ I7.Jimatolo- Station nuieber st on record at National Weather Recoras Center
gical Sta- Number assigned miphabetically witisin state according to Hand meNally Atlas, 1948 Edition.
0,
5-8 | Year Last two digits, 54 = 1954. Period of record generally Aurust 1948 to present, ]
9-10 [Month | 01°12 TJanuary - Liecembor, rospectively. :
1)-12] Day ] _03-31 [Day of mmth,
13 [Card Card numixers 1 and 2 fire 1he only ¢ards used In this deck, Each hourly (1c1d Is made up of
Number ibree columns: whole inches, tenths and hundredibr of inches. "X overpunch in inch column
equals 10 inches; 12 overpunch in wich column equals 20 inches, For example, 10,27 inches
in the hourly column will be punched X/027; 21.77 punched 12/177. Amounts ahove the over-
punch valucs are punched in the normal manner.
Card No. 1 Card No. 2
Hour Ending 1.ST* Hour Ending LST* ¢ LST « Local Standard Time
14-16 01 13
17-19 02 14
20-22 03 1%
23-2% o4 18
26-28 0s 17
29-31 06 10
32-34 07 19
35-37 08 20
38-40 09 n
41-43 10 22
41-48 11 23
47-49 12 24
50-53 Blank Daily Total
$4-57 Blank Monthly Total, When no precipitation occurred for the month, the
value was punched 0000 on the first day of the current momth,
58-T8 Blank Blank
19-80 Blank Next day with precipitation bsumlu or ending day of misaing or
accumuliated data. Cols. 79-80 for last day of the month punched,
should always be 01,
Notes
1) he_month 18 always punehed for both No, 1 and No. 2 cards, When no precipi-
tation occurs, t uily total 1s ‘runched XBBB. If no precipitation occurred during the entire
e;nen( mu\tll, tha monthly total is punched 0000, This practice is used ouly on the first day of
mmth,
; Missing data Blank all columns in appropriate fleld,
,8 Trace is punched XBB, same ar no precipitation.
Bourly  (4) Accumalative data (sce Punching Practices) punched as 0XB.

S) Hourly values of 0. 01 and ereater is punched; e. ., 0,01 is punched 001: . 10 hed 010;
. 00 punched 100; 10. 00 punched X /000; 12. 36 punched X/236; 20. 36 punched 12/036. (12 equals
12 overpunch of whole inch column.)

{8) Daily and monthly values are punched as follows: Missing deta - all columnas BBBB, no
precipitation or trace XBBB; accumulative data 00XB.

(T) Monthly total columns, 54-57, punched on No. 2 card only for last day of manth with precipl-
tation, or on the first day of the month when no precipitation occurred,

More detatled instructions are given in Punching Practices on pages 1 and 2.
Blanks are indicated by “B*,

o 11 “WIILY_PRLCOTATON i)
san BRI R E aade;
L L] ™) 1
81 bl B s Bl el y g Bl & H
b2 saunfrofe A shie e sin'n aln'e aln'e xin's KE'D WN'S wle Ay # NEPTUNRENEEIRTNERER RN
IRRRY/ U B o AL o 8 B . U 18 3N LA ARRIRRRARARRARARARNE (Bl
H [ 1 X 0N | 0000 10000 [ 900 | uen [0 [ 0w {wu | o0 [ we | v | BB U L3
[EREEE L » L b2 (RRRRRRRRRRRRERRZREES R
L] 00 ] w00 L et | oo | 900 | 900§ wee | 3008 | 290 | 1300 | Piee | 000 ou B *
Spiny b [ ; ’ y VNNININIINNNILIG
)7 b oa jeon nes mesnemmon oo [ on [wenimes I
! (XX L o . ¥ “" 4480004040 0004 000004410
1] ronlnsalionhyee "on )
‘ (121 3 R i.' $9559005888)3388889 3
(711} “ l'p (LRI TR IITRIYINY 1]
)
IARRRS 1] ” l"? IARARAARARRARRRARERE (2]
4 '
[JI1) bl TU SIUILULITO IO TTTLY
"o L L 1 (]
rraesdrehed -1 4 -

Fig. 14. NWS hourly precipitation data card format
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The user should be aware that all the hourly data tapes from NCC 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 NCC 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 entcred in wrong
columns (e.g., in columns 78 and 79), or entered with incorrect symbols
(e.g., @, !, #, <, 2., 32),

(7) First-day cards of a 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 1is the data being entered at incorrect time (1 hour off) during

day-light savings time.

It should also 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 mm) instead of 0.0l inches (0.25 mm)

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

SATH

(Statistical Analy~is ~f NWS Hourly Precipitation Data for Triangular Hyetograph)

A. Description of the Computer Program

This computer program,SATH, is desizned to perform statistical 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 program 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;

(3) 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 year, 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
cata starts in 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 from 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 a° = 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, tys

(b) depth of the rainfall, D,

(c) average intensity of the rainstorm, 1 = 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,
Ops

(g) nondimensional firat moment arm of the hyetograph with respect to the
beginning time of the rainstorm, t = E/td,

(h) nondimensional second moment arm of the hyetograph with respect to the
beginning time of the rainstorm, Gi = G/td .

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

(j) time from peak to end of rain of the triangular hyetograph, b,
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(k) nondimensional time to peak of the nondimensional triangular hyetograph,
a® = a/td =3t - 1,

(1) nondimensional time from peak to end of rain of the nondimensional
triangular hyetograph, b°® = b/td =1 - a°

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

compute 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
is the reading, verification, and sorting of the input hourly rainfall data.
The second part is the statistical amalysis. 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 18 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 statistical 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.

col. ECHO OF DATA
card™] 123456 78901234 56 78901 234 56 7890123456 78901234 56 78901 23456 78901234 56 78901 23456 7890

EXAMPLE OF PROGRAM BATH URBARA, IL 118740
o 1 o0 M 12
18 60 77 3 6 1 o0
2. &.

P WN -

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 this item is
allotted a space I5, from column 16 to column 20, of the card. A de2cimal 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 hourlv 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.l14 . Unless hourly precipitation
data modification is necessary, the user sc2ed 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 Format Description Variable Default
Number Column Name Value
1 Ll Identification Card kkk

1-40 4041 User defined title, up to 40 alpha- TITLE (blank)
numeric characters are allowed.

41-60 20A1 Name of the station. STATIO (blank)

61-70 110 Identification number of the NUMBER  (blank)
station.

2 halala Input Rainfall Data Ir.formation Card hhx

1-5 15 Input data form KIND 0
Leave blank (or enter "0" in
Column 5) if the input hydrologiec
data are on a magnetic tape.
Enter "1" in Column 5 if the
input data are on cards.

6-10 15 Measurements units of input data MU 1
Enter "1" in Column 10 if English
units are used.
If ST units are used, enter '2"
in Column 10.

11-15 15 Data checking MISS 0
Enter "1" 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.

16-20 I5 The last two digits of the last LYR None
year of the hydrologic record of
the data file,e.g., "78" for 1978.

21-25 I5 Two-digit representation of the LMR None

last month of the last year of the
hydrologic record, e.g.,"07'= July.
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Card Card Format Description Variable Default

Number Column Name Value
3 Rkk Data Analysis Information Card *dck
1-5 15 Number of years of the period to NYR None

be analyzed, e.g., "20".

6-10 I5 Last two digits of the first year IFIRST None
cf the perfod to be analyzed. It
must not be earlier than the first
year on the record file, e.g., "5I"
for 1951.

11-15 I5 Last two digits of the last year LASTYR None
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.

16-20 15 Number of months in the '"season'" NMO 5
to be analyzed. Minimum is one
and maximum is 12. Default value
is "5" for the 5-month season,
May-September.

21-25 I5 First month of the season, e.g.. IMS S
enter "4" in Column 25 for a
season starting on April 1.

26-30 15 Number of precipitation durations NXL 3
for which statistical analysis will
be performed, maximum is 6, Default
value is “3" for durations of 2, 3,
and 4 hours.

31-35 I5 Printout measurement units. IPRSI o
If the desired measurement units
in the printout are the same as the
input (i.e., English system input
data and English system printout,
or SI input and SI output) enter
"0" in Column 35. If the fnput
{8 in English units and the desired
printout is in both English and SI
units, place "1" in Column 35.
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Card Card Format Description Variable Default
Number Column Name Name

4 Rk Durations of Precipitation Rk b

1-5 F5.0 Enter the first precipitation XLL1(1) 2.
duration, in hours, to be analyzed,
e.g, "2." for 2-hour duration.

5-10 F5.0 Second precipitation duration, in XLL1(2) 3.
hours, to be analyzed, e.g., "3."
11-15 F5.0 Enter successive durations to be XLLi( ) 4,
. . analyzed, each in the 5 columns XLL1( ) None
. allotted, until all the durations .
. . are specified. The total number .
26-30 of durations must be the same as .

that specified in 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
2, 3, and 4 hours.

C. Printout

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 chronological 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 18 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
results in terms of a°, E', Gi and the number of storms for each duration and

depth group of rain storms analyzed.

An example of the printout is shown in Fig.1l7. This example printout

corresponds to the example input shown in Fig. 15.
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JCL End Card

NWS Hourly Precipitation Data File

Card 4 - Durations

Card 3 - Data Analysis Information

Card 2 - Input Rainfall Data Information

Card 1 - Identificatin Card

JCL Cards F-A

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

PROGRAM SATHCINF2, INPUT+OUTI»TEM» TAFE3=INF2,

1 TAFES=INFUT, TAPE6=0UT3+TAPE10=TEM)

[t 1223323232338 383838320288 33¢32 333 P332 3323038333343 3 33338324322/

cooononon0nn

[S 33 3
0 Ltk
Q kX
é KX¥

C kX%

2 34

oo6

101

105
110

COMPUTER FROGRAM FOR STATISTICAL ANALYSIS OF NWS HOUKLY
FRECIFITATION DATA FOR TRIANGULAR HYETOGRAFH

FOR ANY INFORMATION REGARDING 1HIS COMPUTER FROGKAMs» THE USER
SHOULD REFER TO CHAPTER IV OF VOL. III (USER’S MANUAL)

123373802 P 1383308323333 0203300033300 3232238033833t 34¢3¢23013323%%]

DIMENSION X(9000)s[1(250)sF(25016) 1FA(2200+6) sA(2200)
ODIMENSTON MONTHC12),17(24)5IF(24) 9 XLLL1(S)

NIMENSION STATS(S) o NOV () o IME(S) » TSTATS (119 4)
DIMENSION RUF (18)» ICARD(2) yNCARD(2) 9R(41494) s JF(24)
INTEGER STATIO(20)s TITLE(AO)
COMBUN/NAMONS/ HAHCN (1.2)

COMMON/NAFPARS/NAFAR (69 12)

COMMON/NAUNTS /NAUNT1(2712) o NAUNT2(2,12)

COMHOM/NAPL S/NAPL (60 4)

COMBON /7NADGS/ NADG (49 4)

N1 =%

10U =6

INFIIT |
BEADCINLY1010) TITLE,STATIONUMBER

INFUT 2
READNCINLY 1015) KINDyMU»HISS,LYRILMR

INFPUT 3
REATICINLY 1020) NYR» IFIRST/LASTYR;NMOs INS»NXL»IPRS]

INFUT 4
READCINLP1025) (XLLIC(I)»I=l,NXL)

ECHD OF DATA

WRITE(IOUT,1005)

WRITECIOUT»1006) TITLESTATIO)»NUMEER
WRITECIOUT+1007) KINDsMUsMISS»LYFsLMR
WRITECIOUT,1008) NYR»IFIRST,LASTYRyNMG» INS,NXL ¢ IFRSI
WRITECIOUT»1009) (XLL1C(I)»I=1+NXL)

DD 101 I=1,NMO

MONTH(I)=IMS4+I~1

DEFAULT VALUE

IF (NMO,LE.O) NMO=5

IF (MONTH(1).GT.0) GO TO 110
) 105 I=1,5

MONTH(T ) =4 +1

{FINXL,.LE.Q) NXL=3
IF(¥LL1¢1),GT.0,) GO TO 1135
YLEC)=2,

XLL1(2)=3,

A11.3)=4,
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FRINTY INFUT DATA

115 Nl=1,
M1 -HMONTH(1)
P MONTHONMG)
WRITE(TOUT »1080)
Wi TE (JOUTs 1065) STATIONUMBER
WRITE(IOUT1070) IFTRSTLASTYRsNYR2OT »NAMON(M1) s NAMON(N2)
WRITE(IOUTs 1060

N2y

[HIMA=244kNMN"EA0

LF(IDIMX.3T,.92000) WRITECIOUT,1011)
NXLEMIN=XLL1 (1)

XLLMAX=0.
PO 120 [=1sNXL
TTCALICIY LT XLLMINY XLLMIN=XLL1CT)
TF(XLLLCI) o GTo XLLMAX) XLLMAX=XLL1(I)
120  CONTINUE
IF(KIMILER.O) IN2=3
TAK=0
125 N0 120 1=1s IDINX
130 X(1)=0.0
12=0
11 0
IF (MISS.E0.0) GO TO 230
NNTED
It (MH.EQ.2) GO TD 220

Corxrx IMPFUT HOURLY FRECIFITATION DATA
NN1#1
205 L0 210 II=1.12
REAINC 1INy £00%5) NUMy IYRy MO IDY» (XC(I412) 9 1m1,12) » INXDY
210 I2=12+412

3 o IF (NUM.NE .NUNEBER.OR, IMR.NE.O) GO YO 216
IMR=THMO
UrLR=[YR
214 IF (HUML.EQ. NUMBER.ANDL IYR.GE « IFIRST ,AND. IMO.GE . M1
1 +AND,IMO.LT.M2) GO TO 320
1220
GO 10 (205»220) rNN1

C s%k INFUT HUUKLY FRECIFITATION DATA
220 DO 225 II=1.17
READTCIND»2010) NUMY IYRy IMO» IDY o (XCI4T)» I=1»12)» INXDY
225 I2=12H12

C »ix

GO 70 215
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pEt 223 $ 20N 3333333833333 32883 8%8sY

¢
[ THE STATEMENT IN THE FOLLOWING SIXTY LINES IS FOR THE FURFOSE TO
c CORRECT HOURLY PRECIFITATIDN DATA
t 1. CORRECT REVERSEL DATA CARDS OF A DAY
c 2. INDENTIFY AND IGNORE MISSING DATA
(3 3. INDENTIFY ACCUMULATED DATA AND SET THEM YO BE ZERO
c
C AXAKEAAXEAXEREEEEEX AR ARARREARERRK
230 K2=0
IND=0
IF(NC3.NE.O) GO TO 235
DATA KKK /31— /
IATA NN /3HO- /
DATA NBEB /3H 4
235 IYY=KKK
C
. $KK INPUT HOURLY PRECIPITATION DATA
NN1=3
240 D 245 11=1412
READCIN2s2015) NUMsIYRyIMO» IDY» ICARDCII) » (ITCI4KZ) » Im1y 120 NOVCIT)
245 K2=K2412
C xxx
(M
K2=0
IF (NUM,NE .NUMBER.OR.IMR.NE.O) GO TO 248
IMR=INO
[YER=IYR

248 IF (NUM,.EQ.NUMBER .AND, IYR«GE « IFIRST +AND, IMO.GE . H1
1 AND.IMO.LT.M2) GO TO 260
GO TO 240
C xxx INFUT HOURLY PRECIFITATION DATA
250 DO 2S5 1I=1,12
REAUDCINZ22015) NUMs IYRsINOs I0UY 9 ICARDCII) o (ITCI4K2)» I=3,12)NOV(1])
255 K2=K2+12
C xxx

K2=0
260 IF(ICARD(1).EQ.1)> GO TO 270
WRITE(IOUT»300%) IYKsIMO,IDY
DO 265 I=1,32
IPCI)I=IT(I#12)
265 IPCI4121=1IT(])
INXDY=NOV(1)
NCARD(2)=ICARD(1)
NCARD(1)=ICARD(2)
Go 10 280
270 DO 275 1=1,24
S IPCIDY=ITOD)
INXDY=NUY(2)
NCAKD (1) =ICARDI(1)
NCARD (2)=ICARD(2)
280 1o 281 I=1,24
IFCIPCI) .NE.NBE) GQ TO 281
WHITEC(IOUT:3010) IYRyIMOs»IDYy CIP(J) s Jugr24) s INXDY
GO TO 282 )
81 CONTINUE
an2 [FCIYY.EQ.NNN.ANDIP(1) NE.KKK,AND. IP(1) . NE.NNN) GO TO 283
GO 7O 284

283 IP(1)=KKK
INN=1

2684 1o 285 I=1,23
IFCIPCIY JEQ.NNN.AND,TFCI41) . NE.NNN.AND,IP(I41) NE.KKK) GO TO 284
G0 TO 285

286 IND=1
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1o 267 J=1,24

287 JECH=IF D)
T (I+1)=KKK

285 CONTINUE
JECINDGEQ. 1) WRITECIOUY»301%) IYFRsINOsIDY e (UF ()9 =1,24)0 INXDY
IYY=1IP(4)
INDI= O
KEWIND 10
WRTTEC10,2020) (IF (1) »pIn)r24)
REWIND 10
IH<(MU.EQ.D)Y GO YO 290
READ(10,2025)(X(I412),1=1,24)
1212424
G0 TO 320

290 READ(10+:2030) (X(I4I2)eIx1024)

I2=12404
0 Yu 320

[ T 2333333V 3P 4¢33 et ifitestets

204 I2=11412-IT7T
c CHECK IF 1T IS LASY DAY OF SPECIFIED SEASON

IFCINXDY.EQ.1.ANI. IMO.EQ.M2) GO TO 405
IFCINXDY .ED.1.AND. IMOL.EQ.LMR.AND.IYR.EQ.LYR) GO TO 405
GO TO (300,310+250)sNN1

C wkx INFUT HOUKLY PRECIFITATION DATA
300 N0 305 Ils1,12
WEADCIN2¢ 2035)IYR IMOs IDY» (XCI412)»I=1912) 9 INXDY
303 I2=12412
C ¥x¥

GO TD 320

C x4% INFUT HOURLY PRECIPIVATION DATA
310 1D 315 1I=1,12
REAMCIND 2 2040) IYRy IMO IDY» (XCI$12)»I=1512) s INXDY
315 I12=12412
L ¥xx
R0 I1=ITTRCINXDY-IDY)

IF(I1.67.0) GO TO 295
GO TO(325,335,325,330+325¢3302,325,325+3309325+330+325)+IM0
325 NUMDY=31
G0 TO 340
330 MUNDY=40
0 TN 340
335 X1=[YKR
X2=1YR/4
X3=X1/4,
IF(X2.,EQ.X3) NUMDY=29
IF(X2.NE.X3) NUMDY=28
340 1= (NUMDY+1-IDY)IXKITT

60 T0 295
C
t IDENTIFY EACH RAINSTORM AND COMPUTE ITS PARAMETERS
C
405 LC=0
MC=1
NC-=1

DO 475 [=1.]2
IF(X(I).B6T.0.) GO TO 410
JF(NC.NE.NC) GO T0 420
GO YO 47%

410 IF(LC.GT.0) GO TO 415
NC=MC+1

415 LCrLC41
DLC)sX(I)
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420

471

425

A3¢

445
440
445

450
4545
440
445

470

474
47s

480

(g Re kel

485

1IFC()I.EQ.12) GD TO 420
GU TO 474

TF(LC.GE . XLLMIN.AND.LC.LE.XLLMAX) GO TO 471
GO0 TN 474

SUM1 -0,

nC=LC

Nno 42% J=1.1C
SUML=SUML+D( D)
F{MC»1)=5UM1
HHCS=6UML/IN C

SUM=0,

SHUME -0,
L0 430 J=1.LC
Xd=.1

CUMD=GUR24 DD X (XJ=0.5)
AUMT=SUMIHIC DI X (XS0, 5)IX(XJI~0.5)
O 2Y=8UM2/SUML

IF(F(MCr»2)LE. (DLC/3.0)) GD TO 435
I (F(MC»2) «GE. (2,0%DLC/3,0)) GO TO 440
GO TO 445

F(MCs5>=0.0

GO TO 4%0

PCNCyS)=LC

GO TO 450
FAHCsH)I=3 . 0%P(HCes2)~LC

F(MC» 3, =SUM3/SUMLI+1./12,
CEEW=SUNI/SUN1-F(MCy 2IRP(MC2)
TF(SKEW-0.0)455,455+460
F(MC,4)=0.0

GO TO 470

IF(M.C.NE.DT) GO TO 465
F(HC,»4)=0.0

GO T0 470

= (MCs4)=SART(SKEW)

F(MC.6)=DLC

HC=MC41

1.C=0

LONTINUE

MC1=MC-1

IF(MC1.EQ.0) GO TO 48%

D0 480 I=1,6

N0 480 J=1+MC1

MCJI3=MC3+.

TF(MCJ3.GE,.2200) WRITE(IOUT,»4007)
PACNCI+J» 1) =F(Jr I)

NC3=MC3+MC1

CHECK IF IT 1S THE LAST YEAR OF THE PERIOI' TO BE ANALYZED

IF(IYR.LT.LASTYR) GD TO 12%

NMT i=1IMR

NMT2=L MR

WRITE(IOUT»4000) NAMON(NMT1) s IYER)NAMON(NMT2)»LYR
NMT3=MONTH(1)

NMT4=MONTH(NHO)

WRITE(IOUT»4001) NAMON(NMT3I) + NAMON(NMT4) ) IFIRST»LASTYR
IFC(IMR.LE.MONTH(1)) GO TO 502

IMR1=TMR-1

WRITE(IOUT»4002) NAMONCNMTI) »NAMNONCIMR1)»IYER

IF (LMR.GE .MONTH(NMO)) GO TO S03

LMR1=LMR$1

HNMO=MONTH(NMO)

WRITECIDUT»4003) NAMONCLMR1) » NAMON (MNMOY s LYR
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[ PERFORM OME-WAY FREQUENCY ANALYSIS ‘W A SUBSET OF
[of SFECIFIEDL DURATION OR DEFTH GROUF

JUHECK=0
IME(S5)=1,0E20
DME(1)=0,
NUP==9999,

1TV LM A= 2200

i) GOS T=1.1IDIMFA
AIT)=0,0

JER-O.

1O L0 NUMTI=1+NXL
UORTINUE

AL Le=XLL 1 (NUMTY?
K10
IFC(ICHUCK.NE.OY GD TO 520

000

510

WRITE(TIOUT »5005) NAMON(ML) » NAMON(M2) »STATIO»XLLIFIRST:LASTYR

DO S$15 I-=1,MC3

TF(FPA(T6) NE.XLL) GO TO 515
AcId=1.,0

K1=K1+1

CDNTINUE

G0 TO 540

UUL :sDME (5)

D). =DME (ICHECK+1)
IF(IPRSI.EQ.0.AND.MU.EQ.1) GO TO
If (IPRSI.EQ.0.AND.MU.EQ.2) GO TO
IF(MU.EQ.1.AND,.IFRSI.NE.O) GO TO

w
Py
[4,]

520

524 IFC(ICHECK.ER.1) WRITE(IDUT,S502%)

1 DLL1.DUP
IF(ICHECK.EQ.2) WRITECIOUT»S026)

1 DLL1,DUF
IF(ICHECK.LQ.3) WRITE(IOUT,»S5027)

1 DLL1 P

GO TO 530
525 IF(ICHECK.EQ.1) WRITECIOUT,»S5020)

1 DLL»DUP
IF(ICHECK.EQ.2) WRITECIOUT»S021)

1 DLL,»DUP
IF(ICHECK.EQ.3) WRITE(IOUT»5022)

1 DLL,DUP

330 DD 535 I=1+MC3

529
524
528
NAMON (K1) + NAMDN(M2) + STATIO» XLL»
NAMONCML) + NANDNC(M2) +»STATIO» XLL

NAMON(M1) s NAMDN(H2) ySTATIO» XLL»

NAMON(M1) »NAMON(M2) ¢+ STATIOD XLL»
NAMON (M1) s NAMDN(M2) ¢ STATID» XLL»

NAMON (M1) s NAMDN(H2) +STATIOs XLL »

TF(PA(T16) JNE.XLL.OR.PACI»1).LT.DLL.OR.PA(I,1).GE.DUL)

1 60 TO S35
ACI)=1,.0
Ni=mK1+1

CONT TNUE

DO S50 NUMT=1,5
NDPAR=NUMT

535
540

CALL TAB1(PA:ArNOFARySTATS, IDIMPA)

IF(NOPAR.EQ.1) DMEAN=STATS(2)
IF(IFRSI.EQ.0) BO TO 545

545 DO 539 JU=2,5
JI= -1
539 TSTATS(NUMT» J1)=STATS())
550 CONTINUE

IF(MU.EQ.1)}

IMRITECIOUT»5010) (NAPARCI»1) o I=1+6)» (NAUNT1(I1:1)911m1,2),
bl

2 XLL s+ ZERe XLL o XLL
IF(MU.EQ.2)

IWRITECIOUT»5010) (NAPAR(Iv1)sI=158)» (NAUNT2(I1v1)+11=1,2),

2 XLL ¢ ZERo XLL o XLL
TSTATS (991 )=XLL-TETATS(50,1)
TSTATS(9,2)=TSTATS(5+2)
TESTATS(993)=XLL-TSTATE(5,4)
TSTATS(9,4)=XLL~-TSTATS(3,3)
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547

047

S54é

544
560

D65
970

DO 542 JU=1,4

TSTATS(Bs JI=TSIATS (S5 J)

TEVATS(Ny DD =TSTATS (40 )

TETATS(A» D =TETATS (S0 )

TATATS(Ir D= TESTATS(29 D)

TOTATS(2e Jr =TS IATSCL s D)/ XLL

TETATS(Zy D= 1STATS(3s ) /XL

1GTATS (62 D= TOTATS (40 D)/ XLL/XLL

TSTATS (1C, D =TSTATS (8 J) /XLL

THSTATS 11 s P =TETATS(9s J)/XLL

CONT ) HUE

N %43 K=1,11

ha- 41

1F iU, Q. 1)

JIWIITLALOUT s 5010) (NAFAR(ISIKA) s IS=106) » (INAUNTL(KS»KA) 2 KS=192) 1
2 (TSTATS(KeK3) 1K3144)

TE(MULEQ. D)

TURITECIOUT »5010) (NAFARCIGING) 215519609 (NAUNT2(KSKA) 9o KS=192)
2 (TSTATS(RKIAI) PN3=194)

CONT INUE

JCH=TCHECK#1

TN (N1.GY.0) GO YO S%8

FCNUMTL» JCHe1)=-9,

ECHUNTL 2 JCH D) =-9,

RCNUMTL » JCH»3)=-9,

RONUMT19 JCHy»4)=0.

60 TO 559

FOHUMTE » JCH» 1) =TSTATE(10,1)

ROHUMTL s JCHe 2)=TSTATS(791)

RONUMT1yJCH» 3)=TETATS(60 1)

RONUKMT1» JCHy 4) =K1

WRITE(IOUT»5015) K1

IF (MU.ME.1.0R.IFRSI.EQ.0) GO TO 544

IFCICHECK.NE.O) DLL1=DLL¥25.4

IF(ICHECK.NE.0) DWL1=DULX2S.4

M) 4T K5=1,2

N0 T47 Kb=194

THTATS(KG 1K) =TSTATS(KSINEIE25.4

IF{ICHECK.EQ.1) WRITECIOUT»S025) NAMON(M1) s NAMON(M2) »STATIO, XLL
1 DLL1»MUF

IF(ICHECK.EQ.2) WRITECIOUT95026) NAMONCML) s NAMONC(M2) 1 STATIO XLL»
R WS S {1V 4

IF(ICHECK.EQ.3) WRITE(IDUT»S5027) NAMON(M1) s NAMON(M2) STATIO»XLL
1 DLy s U

IF (ICHECK.EQ.O)
TWRITEC(IOUY v5005) NAMON (M1 ) s NAMON(M2) v STATIO» XLL » IFIRST»LASTYR
WRITE(IOUT»S5010) (NAPAR(Is1)sI=176) 9 (NAUNT(ILs1)rI1=1+22),
1 XL s ZERs XLL o XLL

[0 S46 K=1r11

RA4=K+1

WRITECIOUT»S010) (NAFARCISIKA) 9IS5=19v6) vy (NAUNTI(KS/KNA) 7KS=142)
1 (TSTATS(K)K3)1K3=1+4)

CONTINUE
WRITE(IOUT»S013) N1
0 S$60 I=1/MC3
A(I)=0.0
IF(ICHECK.NE,O> GO TO 555
DHE(2)=DHMEANXO .S
PHE O3 ) mUMEAN
MHEC4>=2 ., 0XDMEAN
IF(ICHECK.EQ.3) GU TO G565
TCHECK=TCHECK+1
M CICHECK.LT.4) GO TO S10

1CHECK=0Q
CONTINUE
WERIVECIOUT+5040) NAMONCML) » NAMON(M2) +STATIOD»IFIRSTSLASTYR

1 P (XLLIC(I) »I=1,NXL)
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VA

-
n7e

L.
1004

Lueés
1007
1008
1009
10310
o1t
1015
1020
1025

1047,
1050
10S%

1060
106%

1070

2005
2010
0TS
2020

>80S0

eRAN

2040
5000
3010
A
4000
4001
400>
2005
4007

5005

SC¢10
HO1G

LO20

B021

WHTITECTOUT»S04%5)

w570 18=1,4

HO LY U= 04

UEEIECLDUT 950500 (NAFL (U202 12)10X=116) 9 (NAUG( 2 ID) 9 J2=1+4),
1 (ROILp 25132 I0=10NX1)
( ONTINUE

WEITECIUUT»S04%5)

CHUNT INUE

FUKHAT (40X s 1IHECHD OF DIATA»/»10X,8(10H1234567890)»/910XyB0
1C(tH-)9/)

FOSMAT (10X s 40A1»0A1,110)

FOEMAT (1OX»UEN)

1OLAATCI0X»715)

FULMAT (10X 9 éF5.0)

b (HiMAT (A0A1, 2041, 110)

FORMAT (70 10X, REHIIMENSION OF AKRAY X EXCEEDS LIMITS»/)

FORMAT(ULY)

FOBMAT (7T

FURMAT (5F5,.0)

T ORMAT (7 GCIHX) + 3X 9 3BHERROK- ~~NUMHER OF MONTHS IN THE SEASON»

1 3XsSCLHK) 0 /)

FORMAT (/9 SC1HX) 13X+ 44HERRDR--~-NUMEER OF TIMES ONE~WAY FREQUENCY IS
1 116K TO BE PERFORMED:3IXsS(1HR) + /)

FORMAT (/¢S HR) s 3X» IBHERRDR---NUMBER OF RAINSTORM FARAMETERS:
T 3XeSCIHX) /)

FURMAT (1H1)

FORMAT (28(/) s 29Xs A2HSTATISTICAL ANALYSIS OF FRECIPITATION DATA/
1/,/7/729¥ 320015110

FORMAT (/77 /726X e 201991296H YO 1991292Hy 4 12+19H YEARS OF RECORD OF»
1FS, 20104 HOUR DATA///7/742X 9 SHMONTHS »3X 2 A3 LH-sAS3/)

FORMAT (1693129 1X912F3.2929XeI2)

FORMAT(T16+3T251Xe12F3.15294 1)

FORMAT(16+TI29J1912A3:29X0 12D

FORRAT (24A3)

FORMAT (24F3.2)

FORMAT (245 3.1)

FOEMAT (SX s 3T v X9 12FT.2929X0 [2)

FORMAT(AX s 3T 91X 12F3.1929Xs [2)

FORMAT (23H X% REVERSED DATA %xx 19,12.214)

FORMATC(ZOH % MISSING DATA XX 19912,214,5Xs24A3210X,12)

FORMAT (76H X% ACCUMULATED DATA Xk 19,12,214:5X24A3+10X»12)

FORMATC//710X9 1AHLENGTH OF RECORL»3IXrA3s3H 199I2+¢3H ~ »

1 nS8+3H 199129/)

FORMAT (/10X 1SHFPERIOD ANALYZED»3IX» 3 39v3H - +A391Hy»3H 19y
1 I2:3H ~ «2H19912v/)

FOFRMAT (/10X 29HFARTIAL SEASON § NO DATA FOR »

1 AZs3H = sA3sIH 19,12/)

FORMATC/10Xy 29HFARTIAL SEASON ! NO DATA FOR »
1 A3+3H — eAZ3IH 19,12/)

FOLMATC/ 25X SCIHX) » I6HWARNING: DIMENSION OF ARRAY PA AND Ay
1 1%5H EXCEEDS LIMIT »/7)

FORMATC/ /26X s SHTARLE»AX 1 A3 s 1H-»AZ+S53H RAINSTORM FROM HOURLY FRECIF
1I1TATION DATA AT STATION »4X220A19/9¢17Xs 13HDURATION TR =+F5.193H HR
Cr 20X 3HC1 P I203IH-199 I291H) 9/ 11X9100C1IH-) » /163X s BHSTANDARDs /91Xy
3PHFARAMETER » 19X s AHUNIT» 19X » AHMEAN 1 6X » PHDEVIATION » 8X» 7HMININUM e BX »
4HMAXIMUMe 21 X2 100 (1H=) /)

FORMATCLX26A4:AX s 2AH» 4X14F15.3)

FORMAT(LO0OCIH=)» /928X 5 (1HK) s IX 2 22HNUMBER OF RAINSTORMS =,

1 J623x95CAIHE) »AC/))

FORMATC// 96Xy THTARLE » 4X 1 A3» 1H-9 A3+ 53H RAINSTORM FROM HOURLY PRECIP
1ITATION DATH AT STATION »4X»20A19/9i7Xr33HDURATION TD =9F5.103H HR
29 7917 20HFEAINFALL DEFTH RANGE'F7.3+4H IN«v10H (MEAN/2) o
J13H < = DEFTH < +F7.124H IN.+ /91X 100C1H=)» /943X »BHSTANDARD /v 1X»
APHPARAMETER » 19X s AHUNTI Ty 19X o AHMEAN 6X s FTHDEVIATION 8X» 7HMININUM»8X»
SE7HMAXIMUM /91X 2 10C{1H-) 2 /)

FOURNAT (/ /926Xy SHTARLE »AX A3 1H-»yA3»53H RAINSTORM FROM HOURLY PRECIP
1ITATION DATA AT STATION »4Xr20A19/ 917X 1IHDURATION TD =»FS.1r3H HR
2 /e 1 7XKs ZOHEATINF ALL DEFTH RANGE'F7.3:4H IN.»8H (MEAN)

3134 « = DEFTH < sF7,194H INr/91X2100C1H=) 92/ 283X BHSTANDARD»/v2 Xy
APHPARAMETEL » 19Xy AHUNIT» 19X s AHMEAN : X s SHDEVIATION» 8X » 7ZHMINIMUM 08X »
S7HMAXTMUM» 7 91X 100CLH-) /)
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HO2D FNRMAT (/o AXs SHTIABLL r X9 A3 IH-+ A3+ G3H KAINSTORM FROM HOURLY FRECIP
LITATION [tATA AT STATION s4X,20A1¢/917X¢13HUVURATION TD =+F5.1+3H HR
297017 Le 20HEAINF ALL DEFTH RANGE +F7.3+4H IN.+JOH (MEANKD)

3134 2 = TIPTH < oF241908H TN o /0 IR 300CIH~) 0/ 063X o BHSTANDARDy /91 Xy
AYHPAKAMETER» 15X e AHUNTIT » 19X » AHMEAN» 6 X+ FHDEVIATION» BX s ZHMININUM» BX»
S7HMAYIHUMe /921 X9 2100 CLH-)»./)

G029 FORMAT (/e X UHTAELE »AX0A3 s 1H-1 A3+ 53H RAINSTORM FROM HOURLY FPRECIF
11TATION DATA AT STATION »4Xs20A19/917Xe13HIURATION TD =9F5.1+3H HR
De /017X e 2O0HRATHEALL LHHTH RANGESF7,.3+4H M. 0 10H (MEAN/2) o
3130 < = DEFTH < sF7¢104H MM. s/ 1 1X0100C1H- 9 /163X s8HSTANNARD s /5 1 X«
APHI'ARKAMETER » 19X 4HUNT T» 19X » AHMEAN » 6X 2 FHDEVIATION » 8X » ZHMINIMUN»8X»
STHMAXIMUM, /¢ 1Xs LOO(1H=) /)

5026 FHRMAT (/16X SHINABLEY 4X9A3r1H-» A3 »S3H RAINSTORM FROM HOURLY FRECIFP
1ITATION DATA AT STATION »4Xe20A1¢/917Xs 13HDURATION TD =:F5.1¢3H HR
200 17X 9 20MRAINFALL DEFTH RANGEF7.3/,)4H MM »8H (MEAN) »
31ZH ¢ = PEFTH < 2F7.104H MMes/91X0100(1H-) 9/ 963X BHSTANDARD Y/ 92Xy
APHPARAMETER » 19X s AHUNT T 9 19X 9o AHMEAN» X2 FHDEVIATION s 8X » ZHHININUM ¢ 8X »
S7HMAXTIMUM e /91X 100 CLIH~) 4 /)

5027 FORMAT (/9 6XsSHTARLEYAX1A3»1H-»Ad»S53H RAINSTORM FROM HOUKRLY FRECIF
LITATION DATA AT STATION +AXs20A19/2 17X 1IHDURATION Th =+F5.1+3H HR
290 /v 17X s 20HRATHFALL DEFTH RANGE»F7.394H MM.»10H (MEWNX2) »

B13H < = NEFTH < sF7.104H HMe 9 /¢ 1X0100C1IH-)» /963X €' STANDARD» /91Xy
A49HFARAME TER » 19X » 4HUNI T+ 19X s 4HMEAN: 6X s FHDEVIATION s 8x o ZHMININUM, 8X»
S7HMAXIMUM» /91X 100(1H-) ¢ /)

5040 FORMAT(//912XsA391H-+A3,23H RAINSTORMS FROM HOURLY»
1 32H PRECIFPITATION DATA AT STATION +20A1s0Xe3H(19,12,
2 JH-1951291H) v /910Xs103(1H=)+/9 10X FHFARAMETER »20X» 11HDEPTH GROUP
3 2 22X» IZHRAINSTORM DURATION (HR)s/ 966X+ 4(F3,0012X))

%04 FORMAT(10X»103(1H-)s/)

S050 FORMAT(10Xr10A4,4X»4(F15.3))

¥
STOP
END

RT3 R23 22802223ttt eetis it deiitidiotstiisisttieitestidss )

SURROUTINE TARL

PURFOSE
10 CALCULATE TOTALs MEANs, STANDAKRD DEVIATION» MINIMUMs AND
MAXIMUM FOR A GIVEN VARIABLE.

USAGE
CALL TAB1(AsS+NOVAK,STATS»NO)

DESCRIFYION OF PARAMETERS
A =~ INFUT MATRIX OF OBSERVATIONS
] = INFUT VECTOR SFECIFIYING OBSERVATIONS TO BE CONSIDERED.
ONLY THOSE OBSERVATIONS WITH A CORRESPONDING NON-ZERO
S(1) ARE CONSIDEREDN. VECTOR LENGTH IS NO
HOVAR ~ THE VARIARLE TO BE TABULATED.
STATS - OUTFUT VECTOR OF SUMMARY STATISTICS. VECTOR LENGTH IS S
STATS(1)= TOTAL
STATS(2)= MEAN
STATS(3)= STANDARD DEVIATION
STATS(4)= MINIMUNM
STATS(S5)= MAXIHUM
NO -~ HUMEER OF ORSERVATIONS.

REMARRS
THE DIVISOR FOR STANDARD DEVIATION IS ONE LESS THAN THE NUMBER
OF OHSEFRVATIONS USED.
IF 8 IS A NULL VECTOR: THEN TOTAL» MEANs AND STANDARD
DEVIATION = Oy MIN=1.E75 AND MAX=-1,E75

~oenononaaTooToaN o oonm o oonOCono

Rttt 13 332341433 ¢3 42033 e 32 d]tedd s tessiisseittististssetiisdtssds]

o

SURKOUTINE TAB1(A»S»NOVAK»STATS»NO) TABRL 560
DIMENSION A(1),8(2)/+STATS(1) TABL 570
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O S 1=1,3
ETATS(1)=0.0

CALCULATE MIN » MAX » ANDN TOTAL

GONT=0,0

UMIN=1.0E7%S
UMAX=-1,0E75

1 =NO& (NOVAK-1)

N0 30 J=1+NO

IJd=1011

IF(G(IY)Y 10,30,10
SCNT=SCNT+1.0
STATS(1)=STATSI1)+ALTI D)
STATS(B)=STATS (VAT IIXALT )
TE(ACTIJI-UMIN)Y 15»20»20
UMIN=ACT )

IF (ACI ) -UNMAX) 305 30,25
UMAX=A(TJ)

CONTINUE

STATS(AY=UMIN
STATS(S5)=UMAX

IF (SCNT) 35:50,3%

CALCULATE MEAN AND STANDARDN DEVIATION

IF(SCNT-1.0) A0440:4%
STATS(2)=STATS(1)
STATS(3)=0,0
GO 10 %0
STATS(2)=STATS (1) /SCNT
STATS(3)=SART(ARS((STATS(3)-STATS(1)%STATS(1)/8CNT)/(SCNT-1.0)))
RETURN
END
ELOCK DATA
COMMON/NAMONS/NAMON (L)
COMHON/NAFARS /NAFAR (49 1D)
COMMON/NAUNTS/NAUNTL (29 12) o NAUNT2(2+12)
COMHON/NAFLS/NAFL (69 A)
COMMON/NALIGS /NATG (4, 4)
NATA NAHON, 3HJAN s ZHFER » SHMAR » SHAPR » BHMAY s 3BHJUN,
JHJUL » SHAUG » 3HSEF » 3HOCT » SHNOV» 3HDEC/
DATA NAFAR/ 4HTURA» SHTTON s AR v A4 [X1,] »4H ’
AHDEF'T » 4HH v AM v AH v 4H v4H ’
AHINTE » AHNSIT» AHY s AH » 4H o 4H v
AHFIRS y AHT T1vAHME M» AHDMEN» AHT vAH »
AHSECQsAHND TeAHIME + AKMOME » 4HNT s 4H ’
AHTIME » 4H STA» AHNDAR» AHD DE»AHVIAT »4HION »
AHNONIl s AHIM. s 4AH2ND s AHTIME o AH MOM» AHENT »
ARNOND AHIM, »AHIST JAHTIME«4H MOM» AHENT »
A4HA OF v4AH TRIrAH., MY AHETOG» AHRAPH » 4H v
AHB OF yAH TRI»AH, HY s AHETOG» AHRAPH» AX [
AHA OF yAH NON+ AHINI M, 9o AH HYE»4HTQGR» AHAPH »
AHE OF y 4H NON,4HDIM.»4H HYE»4HTOGR» AHAPH /
DATA NAUWT1/AHC(HR) + AH rAH(IN. s 4H) s AHCIN. » AH/HR) »
AH(HE ) » AH rAH(HRE s AHHR) + AH(HR) y 4H ]
AH( ) s4H vAHC( Yo 4H r4H(HR) » 4H ’
AH(HR) » AH rAHC  Dr4H rAHC Do 4H /
DATA NAUNRTD/AH(HR) s AH r AH(MM . 9 AH) rAH(MM . » AH/HR) »
AH(HR) » 4H r AH(HRR s 4HHR) s AH(HR) » 4H ’
AH( ) s4H r4H( s dH » AH(HR ) » 4H ’
AH(HR Y » AH vAHC Do AN rAHC ) e AN /
DATA NAFL/AHA OF 4H NON) AHDIM. r4H HYE» AHTOGR» AHAFH
AHNOND » AHIM, ¢ 4H1ST s AHTIME)4H MOMe 4HENT
AHNOND ¢ AHIM. » AH2ZND s AHTIME ) 4H MOMe AHENT »
AHNUMB  AHER O+ AHF RA« AHINST » AHORMS » 4H /
DATA NADG/AH AL s4HL. RA;AHINGT » AHORMS »
A4H D 44 == J4HO. T + AMMEAN,
A D s4H >3 +4H + AHMEAN)»
A4H D r4H = sAH 2 s AHMEAN/
END
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V. USER'S GUIDE FOR COMPUTER PROGRAM
FANHP

(Frequency Analysis for NWS Hourly Precipitation Data)

A. Description of the Computer Program

This computer program, FANHP, 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; 1dentify and correct reversed order of the two data cards of a date;

(2) 1dentify and ignore missing data in the statistics computation;

(3) 1Identify 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 such cases the user should print out a

listing of the data, examine the dataerrors 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 user 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" 1is 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 season.
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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 12-hour duration, can be specified by the user. Since hourly data 1is used,
the duration must be multiple of hours. The built-in (default) durations
considered are 1, 2, 3, and 4 hours.

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

duration, the plotting position is computed by
Tr = (N+ 1)/m

in whichI},- return period in years, N = number of years for the period of
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 1is analyzed for two different probability
distributions, namely, Gumbel (extreme value type I) and log-Pearson IIl
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) Maximum 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 aystems. It requires the use of two International Mathe-
matical Subroutine Library (IMSL) subroutines DCADRE and VERTIST if the
log-Pearson III analysis is to be performed. Execution of the program
requires a memory core of about 150K 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 1s 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 dividing

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.

Col. ECHO UF DATA
Ca 123456789012345478901234567890123454678901 2345678901 234567890123454678701234567690
i EXAMPLE OF FANHP URBANA, IL 118740
o 1 o 78 12
2 20 s? 78 3 6 2 4
1. 4'
) 10, 25. S50. 100.

Fig. 18. Example input for FANHP
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Card Card Format Description Variable
Number Column Rame
1 ki Identifiecation Card badaded

1-40 40A1 User defined title, up to 40 alpha- TITLE
numeric characters are allowed.

41-60 20A1 Name of the station. STATIO

61-70 110 Identification number of the NUMBER
station.

2 b Input Data Information Card fekk

1-5 18 Input data form KIND
Leave blank (or enter "0" in
Column 5) 1f the input hydrologic
data are on a magnetic tape.
Enter "1" in Column 5 if the
input data are on cards.

6-10 15 Measurements units of input data MU
Enter 1" in Columm 10 if English
units are used.
If S1 units are used, enter '2"
in Column 10.

11-15 15 Data checking MISS
Eanter "1" in Column 15 if the input
data have been corrected for mis-
placed, missing and accumulated
records.
Enter "0" in Colummn 15 if the data
have not been corrected.

16-20 15 The last two digits of the last LYR
year of the hydrologic record of
the data file,e.g., "78" for 1978,

21-25 I5 Two-digit representation of the LMR

last month of the last year of the
hydrologic record, e.g.,"07'= July.
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Card Card
Number Column

Format

Description Variable
Name

3 Kk

6-10

11-15

16-20

21-25

26-30

31-35

Data Analysis Information Card ekek

I5

I5

I5

I5

15

15

I5

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

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 sgeason, May-
September.

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

Number of precipitation durations NXL
for which frequency analysis will

be performed, maximum is 6. Default
value 1s "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
Number

Card
Column

Format

Description

Variable
Name

Kkk

5-10

11-15

26-30

Durations of Precipitation

F5.0

F5.0

F5.0

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 durations must be the same as
that specified in 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 lLiours.

kkk

XLL1(1)

XLL1(2)

XLL1( )

kkk

1-5

6-10

11-15

46-50

Feturn Pericds to be Computed

F5.0

F5.0

F5.0

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
in 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.

kkk

T(1)

T(2)

()
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JCL End Card

NWS Hourly Precipitation Data File

r’/, Card 5 - Return Periods

r’/, Card 4 - Durations of Precipitation

Card 3 - Data Analysis Information

Card 2 - Input Precipitation Data Information

Card 1 - Input Data Information

JCL Cards

Fig. 19. Input data deck arrangement for execution of FANHP
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>>>>>EXAMPLE OF FANHP e«

1.0 HOUR DURATION RAINFALL DATA

59 I 60 . 780 61 1.100 62 1.130
63 940 64 1.030 65 2.300 66 1.090
67 3% 68 .940 69 1.480 N 1.260
n 1.120 n 1.790 n 1.390 74 620
75 1.830 7% 1.270 n 1.170 n 1.220

ARNUAL MAXIMUM SERIES - GUMBEL DISTRIBUTION

PLOTTING POSITIONS

YEAR RAINFALLIIN.) RARK RETURN PERIOD NKON-EXEC PROB K
65 2.30 1 21.000 .9524 1.9048
75 1.83 2 10.500 +9048 1.3446
2 1.7 3 7.1 .8571 1.0078
69 1.48 4 5.250 .8095 .7619
] 1.39 5 4.200 »7619 +36 53
7% 1.27 6 3.500 . 7143 3992
n 1.26 7 3.000 .6667 .2538
] 1.22 8 2.62. .6190 1229
17 1.17 9 2.333 5714 .0026
62 1.13 10 2.100 .5238 -.1101
71 1.12 11 1.909 4762 =217
61 1.10 12 1.75% 4286 -.3209
66 1.09 13 1.615 .3810 -.4223
64 1.03 14 1.500 23333 =.3234
68 94 15 1.400 .2857 -.6258
63 94 16 1.313 .2381 -.1317
60 .78 H 1.235 .1905 -.8444
59 .17 18 1.167 1429 -.9691
7% .62 19 1.105 0952 =1.1167
67 .57 20 1.050 0476 -1.3181

RESULTS USING LEAST SQUARES ?IT

INTERCEPT OF LEAST SQUARES LINE = .10 1IN,
SLOPE OF LFAST SQUARES LINE = e,
STANDARD ERROR OF ESTIMATE = 073 IN,

CORRELATION COEFFICIENT = 9834

MAGNITUDE OF 10.YR, (K= 1,3046) RAINFALL = 1.846 IN.
MAGNITUDE OF 25.YR, (K= 2.0438) RAINFALL = 2.206 IN.
MAGNITUDE OF S50.YR. (K= 2.5923) RAINFALL = 2.473 IN.
MAGNTTUDE OF 100.YR. (K= 3.1367) RAINFALL = 2.738 IN.

Fig. 20. Example computer printout of FANHP (b) Computed results
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RESULTS USING SAMPLE MEAN AND STANDARD DEVIATION

SAMPLE MEAN = 1.190 IN.
SAMPLE STANDARD DEVIATION = «42]1 1IN,
STANDARD ERROR OF ESTIMATE = .099 IN.

CORRELATION COEFFICIENT = .8513

MAGNITUDE OF 10.YR. (K= 1,3046) RAINFALL
MAGNITUDE OF 25.YR. (K= 2,0438) RAINFALL
MAGNITUDE OF 50.YR. (K= 2.5923) RAINFALL

MAGNITUDE OF 100.YR. (K= 3.1367) RAINPALL

ANNUAL MAXIMUM SERIES - LOC PEARSON TYPE 111 DISTRIBUTION

1.739 IN.
2.051 IN,
2.282 1IN,
2.511 IN.

65 2.30 3617 1
75 1.83 22625 2
n 1.79 .2529 3
69 1.48 <1703 4
73 1.39 <1430 5
76 1.27 .1038 6
n 1.26 .1004 7
7 1.22 0864 8
77 1.17 .0682 9
62 1.3 0531 10
n 1.12 0492 11
61 1.10 0414 12
66 1.09 037 13
64 1.03 0128 14
68 .94 -.0269 15
63 94 -.0269 16
60 ;) -.1079 17
59 7 -.1135 18
7% .62 ~.2076 19
67 57 =.244] 20

RESULTS USING SAMPLE MEAN AND STANDARD DEVIATION

PLOTTING POSITIONS
YEAR RAINFALL(IN.) LOG RAINFALL RANK RETURN PERIOD NKON-EXEC PROB K

21.000
10.500
7.000
5.250
4.200
3.500
3.000
2,625
2.333
2.100
1.909
1.750
1.615
1.500
1.400
1.313
1.235
1.167
1.105
1.050

29524
.9048
8571
.8095
.7619
L7143
6667
6190
574
5238
4762
4286
3810
.3333
.2857
.2381
1905
1429
.0952
0476

SAMPLE MEAN = 05080 = 1.124 1IN,
SAMPLE STANDARD DEVIATION = 15072
STANDARD ERROR OF ESTIMATE = .03050
CORRELATION COEFFICIENT = .8912

SAMPLE SKEW COEF, = -,0298

MAGNITUDE OF 10.YR. (K= 1.2783) RAINFALL
MAGNITUDE OF 25.YR. (K= 1.7404) BAINFALL
_MAGNITUDE OF 50.YR. (K= 2,0377) RAINFALL

MAGNITUDE OF 1Q0.YR. (K= 2,3044) RAINFALL

1.75 IN.
2.06 1IN,
2,28 IN,

2.50 IN.

Fig. 20 . Example computer printout of FANHP
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(b) Continued

1.6595
1.3056
1.0668
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>>>>>EXAMPLE OF FANHP

€L

59
63
67
n
75

.200
1.230
.830
2.130
2.700

4.0 HOUR DURATION RAINFALL DATA

60
64
68
72
7

1.580
1.390
2.380
1.090
1.140

61
65
69
3
17

180
21.560
2.860
1.460
1.0

62
66

74

1.860
1.400
2.260
1.320
1.420

YEAR

69
75
65
68

n
61
62
60

3

66
64
74
63
76
72
7”7
67
59

ANNUAL MAXIMUM SERIES - GUMBEL DISTRIBUTION

RAINFALL(IN.)

....a.-ag

Ll o d
FWRNWONERDgw®

P Pt Pt Pt pms e Bt s bt bt b N3 RI A3 N N N
»
WP AN WA

.
(=4
o

1.07
.83
.20

RANK

B e e b e e e
OV YR ADLWNE OOV GRS WD~

PLOTTING POSITIONS

RETURN PERIOD NON-EXEC PROB K

21.000
10.500
7.000
5.250
4.200
3.500
3.000
2.625
2.333
2.100
1.909
1.750
1.615
1.500
1.400
1.313
1.235
1.167
1.105
1.050

RESULTS USIRG LEAST SQUARES FIT

INTERCEPT OF LEAST SQUARES LINE =

SLOPE OF LEAST SQUARES LINE =

STANDARD ERROR OF ESTIMATE = .

CORRELATION COEFFICIENT =

MAGNLTUDE OF
MAGNITUDE OF 25.YR. (K= 2.0438) RAINFALL

MAGNITUDE OF 50.YR. (K= 2.5923) RAINFALL

9752

10.YR. (K= 1.3046) RAINFALL

1.67 IN.

.78 IN.

155 1IN.

MAGNITUDE OF 100.YR. (K= 3.1367) RAINFALL =

Fig.

20.

76

2.689
3.267
3.695

h.121

Example computer printout of

.9526
.9048
8571
.8095
L7619
L7143
+6667
.6190
.5714
.5238
4762
4286
.3810
.3333
-2857
.2381
.1905
<1429
.0952
0476

IN.
IN.
IN.

IN,

FANHP

1.9048
1.3446
1.0078
L7619
5653
.3992
.2538
.1229
.0026
-.1101
-.217n
-.3209
-.422)
-.5234
-.6258
-.n1?
=-.Babb
-.9691
=-1.1167
-1.3181

(b) Continued



RESULTS USING SAMPLE MEAN AND STAKDARD DEVIATION

SAMPLE MEAN = 1.638 1IN,
SAMPLE STANDARD DEVIATION = 681 IN,
STANDARD ERROR OF ESTIMATE = .180 1IN,

CORRELATIOM COEFFICIENT = ,8513

MAGNITUDE OF 10.YR, (K= 1,3046) RAINFALL = 2,526 IN.

MAGNITUDE OF 25.YR. (K= 2.0438) RAINFALL = 3,030 IN.

MAGNITUDE OF 50.YR. (K= 2,5923) RAINPFALL

3.403 1IN,

MAGNITUDE OF 100.YR. (K= 3.1367) RAINFALL = 3,774 IN.

ARNUAL MAXIMUM SERIES -~ LOG PEARSON TYPE 1II DISTRIBUTION

PLOTTING POSITIONS

YEAR RAINFALL(IK.) LOG RAINFALL RANK RETURN PERIOD NON-EXEC PROB K

69
75
65
68
0
n
61
62
60
n
L]
66
64
74
63
7
7
77
67
59

SAMPLE MEAR =

4564 1 21.000 +9524 9145
43le 2 10.500 +9048 8723
4082 3 7.000 8571 825
23766 4 5.250 .8095 <777
«3541 H 4.200 «7619 . 7196
«3284 6 3.500 7143 +6599
2718 7 3.000 6667 +5953
.2695 8 2.625 .6190 .5251
1987 9 2.333 +5714 4485
.1644 10 2.100 .5238 <3646
1523 11 1.909 4762 2718
«1461 12 1.750 4286 .1688
1430 13 1.615 «3810 .0528
.1206 14 1.500 +3333 ~.079%
0899 15 1.400 «2857 -.2329
0569 16 1.313 .2381 -4l 54
0374 17 1.235 .1905 ~.6399
0294 18 1.167 1429 -.9308
-.0809 19 1.105 0952 -1.3429
-.699%0 20 1.050 0476 =-2.0516

RESULTS USING SAMPLE MEAN AND STANDARD DEVIATION

16276 = 1.455 1IN,

SANPLE STANDARD DEVIATION = »25210

STANDARD ERROR OF ESTIMATE = 09872

CORRELATION COEFFICIENT = .8086

SAMPLE SKEW COEF. =-2.1061

MAGNITUDE OF

10. YR, (X= .8678) RAINFALL = 2.41 1IN,

MAGNITUDE OF 25.YR. (K= ,9208) RAINFALL = 2.48 IN,

MAGNITUDE OF 50.YR. (K= .9363) RAINFALL = 2.50 IN.

MAGNITUDE OF 100.YR. (K= .9435) RAINFALL = 2.52 1IN,

Fig. 20.

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

FROGRAM 1" ANHP CINED  INFUT»OUT3 TEN TAFE3=INF2,

1 TALES=IHIUT» TAFES=0UT3s TAFE10=TEM)
(M ESEASASSIS SSRGS IS0 2280333802223 03 8228 3003032332 33383 334224
¢

COMPUTER PROGRAM FOR FREQUENCY ANALYSIS OF NWS HOURLY
FRECIFITATION TIATA

I OK ANY INFORMATION REGARDING THIS COMFUTER FRDGRAN,
THE USER SHOULD REFER TO CHAFTER V OF VWOL. 111 (USER‘S MANUAL)

isNelak s Raltel o Rl ol

BRI SSIN STV SR PR R P et R 23t st oted it stititsintissittsssds
REAL KAMAX s INTCFT)HMEAN/KFEAR»KINES
INTEGER YEARYRNKy YMAX»STATIO(20)
DIMENSION OMAX(99)s RNK(99)» FLTF(99),NAMON(12)
1, KAMAX(99)y YMAX(99)» QLOG(99)s» KFEAR(99)» T(10)s PROB(
260}, KDES(20)»SYEAR(P9)»S0(P9) s TITLE(40) yUNIT(2)
DINENSION MONTH(12)»XLL1(6)» YEAR(99)9Q(99¢12)
COMMDN/FARA/LASTYRy NUMBER s IFIRST s KINDyMISS) INIMX e MU M1 9 M2, I0OUT
1 sLYRYLMR
DATA UNIT/3HIN. s 3HMA,./
DATA NAMON/3HJANs IHFEE» SHMAR » SHAFR » SHMAY » 3HJUN»
% WHJUL » 3HAUG » IHSEF » 3HOCT » 3HNOV » 3HDEC/
IN1=Y
10UT=6

KKK THNFUT 1
REAUC(INIL1010) TITLE»STATIONNUMBER

C k. INFPUT 2
REATICIN1»1015) KINLsMUsMISS»LYRILMR

[
I %%X% INFUT 3
READ{INL1»1020) NYRyIFIRST/LASTYRyNMO»IMSyNXLM
Cc
C xX%Xx INFUT 4
REATNCING»1025) (XLLICI)»I=19NXL)
C
C XXX INFUT S
READNCINLZ1025) (TC(I)rsI=1sM)
c
INIMX=24XNMOXAO
C
v ECHO OF DATA
C

WRITE(10UT»1005)
1005  FURMAT (40X 12HECHO OF DATA»/»10Xs8(10H12343567890)+7910X»80

1 (1H-)»/)

WRITE(YOUT»1006) TITLE»STATIOsNUMBER

WRITECIOUT»1007) KIND:MUsMISSrLYRILMR

WRITEC(IOUT»1008) NYR+IF IRSTsLASTYRyNMOs IMNS»NXL M

WRITECIOUT»1009) (XLL1C(I),T=14NXL)

WHITECIOUT»1009) (T(I)eI=1sM)
1006 FORMAT(10X»40A1/,20A1,110)
1007 FORMAT (10X, 515)
1008 FORHAT (10X 715)
1009 FORMAT(10X»6F5,0)

00 101 I=1»NMO
101 MONTHCI) =IMS+I-}
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16
e/

o

BEEAULT VALUE

INCNROLLE.O) NMD=S
IF(MONTHC(1) .GT.0) GO TO 2
DIt 1 1=1.+%

MNTH{ ) =44])

IFCNXL . LELO) NXL=4
tFOXLLI 1) ,.6T7.0,) GO TO 4
0 3 ) 1.NXL

AT

RUBUR W S )

FHINT INFUT UATA

mea=q,

M1 =MONTH(1)

H2=MONTHIONMO)

WRITECIOUT»?04)

HELIECTOUT 2 1065) STATIO»NUMRER

NENYR

WKITECJOUT91070) IFIRSTILASTYRs N2 DT » NANON(M1) s NAMON(M2)
WRITECIOUT»904)

CALL NUSDAT (YMAX»QyNY)

JIFC(KY NE.N) WRITECIOUT»?750)

NO 14 ICONT=1,NXL

TJCONT=ALL1 CICONT)

no % IY«1.N

ANAX(IY)=Q(IY»1JCONT)

WRITE (I0UT»904)

URTTE(TQUT » 7382

WHITECIDUT»931) (TITLE(KX) oKX=1»40)
BRITECIOUT »938)

DRITE (I0UT»9205) XLL1CICOHT)

WRITE(IOUT »286) (YMAX(D)»QMAXC(I)rI=1»KY)
¥ =0

BMV=1,0E-10

) 16 I=19KY

IF(AMAX (1) . GT.SMV) GO TO 16

IFG=1

WRITECIOUY»987) IJCONT»YHAXC(I)

COHY INUE

FORMAT (/910X T (LHEX) »26H WARNING: NO KRAINSTORM OF»
1 I3,20H HR DURATION FOR 19:1I292XeSC(1HX) /)
1IF(IFG.EQ.1) GO YO 14

WRITE CIOUT»Y3I2)

CALL RANN (OMAXsNeRNEN)

A=1,

N0 & J=1N

FLTFCI)=(N+1)/A

PROBC1)=1--1/FLTPC(I)

ARt L.

LALOGPLTR(YI) ) ~ALOGCPLTF(I)~1,)

KAMAX(I)=-(SART(6.)/3.14159)%(0.5772157+AL0DG(2Z))
WRITE (TOUT»907)

WRITE ¢(I0UT»908)
WRITE(IOUT»233) UNIT(MU)
[0 7 I=1sN

NM=KNK(I)

WRITE (TOUT»910) YHAXC(NN) y OMAXCI) o IoFLTP(I) »FPROB(I) s KAMAX(]I)
CALL FIT (KAMAX »OMAX»SLOFPE s INTCPY»SE»STDD»CORCOF s Ns MEANS 1)
CALL RESULT (SLOFEs+INTCFT+SE+STDDyCORCOF »MEANY1,1,MU»IOUT)
[0 8 I=1+M

TT=7¢(X)

CALL DESIGN (TT»SLOFE INTCFT1sMUsI0UT)
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?31 FORMAT(/ » S5H

&

CALL FIT (KAMAX»OQMAX»SLOPE » INTCFT,SE+STID ¢ CORCOF o No MEAN, 2)
CALL RESULT (SLOPEs INTCFY»SE»STUD» CORCOF s NEANS 291 «MU+ JOUT)

DO 9 I=1»M
TV=T(1) B
9 CALL DESIGN (TT+STLLIsMEAN» Y MU, IOUT)

A=0,

L-0.

PRIV I

R ]

Lt |

™M) 30 T=JsN

QLOGT)=ALOG10 (RMAX (1))
B=K40LOG 1) ¥QLOG(T)
10 A=AIOLOG(T)
MEAN=A/K
STHL-SART L H-AXA/R) / (K=1))
00 11 T=dsN
11 C=CHC{BLOG(T ) -MEAN) /STOIN X ((DLOG(1)~MEAN) /STDI) ¥ ( (QLOG (1) ~HEAN) /
1 st
G=EXC/ ((K-1)K(K=2))
[ELFEE2 B
I {ABS(G).LT.0.001)6=0,001
WRITE (IOUT,911)
CALL kP (KFEARsNoFLTF»6)
UKITE (I0UT,912)
WEITL (TOUT,<13)
WRITE(IOUT»934) UNIT(HU)
N 12 I=1eM
MN=RNK (1)
12 WRITE (I0UT»915) YHAXCNH) rQHAX(I) +QLOG(I) »X+FLTF(I) (FROB(I) s
1 KFEARLD)
CALL KF(KDESsMeT+G)
CALL FIT (KPEARsGLOGsSLOFEs INTCFT,6E ST CORCOF s Ny MEAN 2)
CALL KESULT (SLOFEs INTCFT,SE,STII, CORCOF +MEAN 2929+ MU IDUT)
WRITE (10UT,917) G
00 13 I=1sM
R=GTONKKDES (1) +HEAN
R=EXF (2. 2025854R)
15 WRITECIOUT»$48) TC(I)»KDES(I)»RrUNIT(MU)
14 CONTINUE
aror

P03 FORMNAT (I4+F10.0)

Q04 FORMAT (1H1)

COL FORMAT (/722X+FA4.192X927HHOUR DWURATION RAINFALL DATA/23X»32(1H-)7)

906 FORMAT (4(5XsJ4+1X9F10.1))

98¢ FORMAT (A(SX114+1X9FB.3))

907 FORMAT (20X, 43HANNUAL MAXIMUM SERIES -~ GUMEEL DISTRIBUTION,
1 /20%X»43(1K-)/)

208 FORMAT (42X, 1BHPLOTTING FOSITIONS)

?I2T FORMAT (1Xr AHYEAR» SX e PHRAINFALL (o A3 e 1H) » SX» AHRANK » 4X» 13HRETURN FER
1106 2Xs 1 SHNON-EXEC FROE»3Xs1HK/)

910 FORMAT (1X+I4»F15.2+1119F15.39F12.45F12.4)

211 FORMAT (1HL)

¢12 FORMAT (10Xs S7THANNUAL MAXIMUM SERIES - LOG FEARSON TYFE I11 DISTRI
TRUTION /9 10X+ S7(1H-Y /)

13 FORMAT (A7X,18HPLOTTING FOSITIONS)

P34 FORMAT (1Xs4HYEAR»2X s PHRATNFALLCsAZs1H) »2X»13HLOG RAINFALL »3X,4HR
1ANK » 2X ¢ 13HRETURN FERIOD2X 9 13HNON-EXEC FROBs2X»1HK/)

1S FORMAT (1XrT4»F12.29F13,42110,F13,.3,012,4,2%X»F10.,4)

17 FURMAT (1X2 19HSAMFLE SKEW COEF. =sF7.4/)

245 FORMAT (1Xs13HMAGNITUDE OF vFu.0r»7HYR, (K=¢F7,4912H) RAINFALL =,
1 FB.221X9A3/)

>9A0AL1»SH

/)

47 FNRMAT(/+BOC1IH=)/)

93¢ FORMAT(30C(IH=))
CLO FORMAT( /10X SC1H%) » SOHNUMEER OF YEARS DOES NOT MATCH.//)

1010 FORMAT(40A1520A1,110)

1015 FORMAT(5IS)
1020  FORMAT(T715)
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102% FOREMAT(10F%,0)

1065 FOFRHAT (2807 ) 129X s 40NFREQUENCY ANALYSIS OF FRECIFITATION DNATA/
1/77/7329X+20A1/,130)

1C70 LOREMATC/ 77 /726X e2U19 0 1206H TO 199 I292Hy 9120194 YEARS OF RECORD OF »
1FS5. 29104 HOUR DATA///7/742X s SHRONTHS 13X s AT LH-»A3/)

1011

o

SO

So~pCcoaoc o

128

130

1

1

D
SURRO

INTEG
I1MEN
LiMEN
CUMMG

LATA

H( 320
J2=2
vyt
KY=0
rey=2
THI=Y
TECRE
I'Hk=0
JECID
rorMa

UTINE NWSDAT(YEAR»QsKY)

ER YEAR
SION YEAR(9D) y0(99s12)9A0(12) s X(F000) s [1(1TO)»IT(24)
S10H HOV(D)Y » ICARD(D2)Y y TF(24) s NCARDI(D) » JF (24) s NAKON(12)
N/PARAZLASTYR y NUSHEF s IFIRST o hINDoMISS» IDINX s MU M1 o M2, 10UT
LY LMK
NAMON/THIAN» IHE ELt» SHMAR s JHAFR » SHMAY » SHIUN»
IHIUL » IHAUOG » SHSEF » 3HOCT » 3HMOV » IHDEC/

=LASTYR+1

4

HOLEQ.Q) IN2=3

InX,67,9000) WRITECIOUTy1011)
T(/»10Xs»ISHDIMENSION OF ARRAY X EXCEEDS LIHITS,/)

U0 130 I=1,IDIHX

X(I)=
12=
110
TF ()
NN1=2
1F (MU

INFUT
NN1=1

» o 21

REATIC

12=12

0.0

£6.£G.0) GO TO 230

JEQ.2) GO TO 220

HOURLY FRECIFITATION DATA
0 1I=1.12

IN2,2005) NUMs IYRs IMOsIDY» (XC(I4I2)s1=1012) 9 INXDY
+12

TF (HUM .NE . NUNEER . OR.IMR.NE.O) GO TO 216
IMR=1IM0

TYER=

IYR

1F CNUM.EQ . NUMEBER . AND. IYR.GE. IFIRST . AND. IMO.GE . M1

«AND
12=0
GN TO

IHFUT

+IHO.LT.H2) GO TO 320
(205,220 ¢+ MN1

HOURLY FRECIFITATION DATA

00 225 II=1.,1Z

READ(

IN2:,2010) NUMsIYR» IHOeIDY o (X{I412)91=1+12) ¢ INXDY

I2=12412

30 TO

219

PRR LI 802 et e 2383234333838 83238 0%

THE S
CORRE
1.
2.

3.

TATEMENT IN THE FOLLOWING SIXTY LINES IS FOR THE PURPOSE TO
CT HOURLY FRZCIFITATION DATA

CORRECT REVERSED T'ATA CARDS OF A DAY
INDENTIFY AND IGNORE MISSING DATA
INDENTIFY ACCUMULATED DATA AND SET THEM TO BE ZERO

bR 233 83 3338333323233 833333333 331334
230 K2:=

IND=Q
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IF(MC3.NE.O) GO TO 23S
DATA KKK /3H- /
DATA HNN /2HO- /
DAYA NEE /3H 4
235 [YY:hKK
C
C kK% INFUT HOURLY FRECIFITATION DATA
NN1-=-3
230 DO 245 Il=1,12
READCIND»201%5) NUM: IYRs IMOs DY s ICARDCITID o CITC(IH4K2) 9 I=1,12) s NOV(II)
245 K2=K2+412

[SR S § 3
c
K2=0
IF (NUH .NE .NUMKER.OR.INR.NE.O) GO TO 248
IMR=1M0O
1YER=IYR

2a8 IF (NUM.EQ.NUMBER . ANTI, JYR.GE . IFIRST . AND . IM0.GE . M1
1 JAND.IMO.LT.M2) GO TO 260
GU 10 240
C xx% INFUT HOURLY FRECIFITATION DATA
250 DO 255 II=1,17
KFEALCIN2,2015) NUM» IYRs IMO»IDY, ICARDCII) o (ITC(I4K2Y91=1,12) ) NOV(I])
255 K2=K2+12
L xex

K2=0

240 IF(ICARD(1).EQ.1) GO TO 270
WRITE(IOUT»3005) IYR,IMO,IDY
DU 265 T=1r12
IFCI)=IT(I+12)

245 P(I412D)=1IT(I)
INXDY=NOV (1)
NCARIC2)=ICARDC(L)
MCARDI(1)=ICARD(2)
50 TO 280

270 D0 27% I=1+24

275 (PCDH=1T(D)
INXDIY=NOV(2)
NCAKDC1)=ICARD(1)
HEARDIC ) = ICARD(D)

280 DO 281 J=1+24
IFCIP(I).NE.NBB) GO TO 281
WRITECIOUT«3010) IYReIMO2IDY» (IF(J)sJd=1,24) INXDY
GO TO 282

281 CONTINUE

282 IFCIYY.EQ.NNN.AND.JP(1) . NE.KKK.AND.IF(1).NE.NNN) GO TO 283
GO TO 284

283 TP (1)=KKK
IND=1

284 DD 285 I=1,23
IFCIF(I) cEQ.NNN.AND.JP(I41).NE.NNN.AND.IF(I+1).NE.KKK) GO TO 28B4
GO TO 285

284 IND=1
no 287 J=1,24

287 JP(H=IF(J)
TP (T41)=KKK

285 CONTINUE
IFCINL.EQ.1) WRITECIOUT»3015) IYReIMQeIDYs»(JP(J)yJm1,24), INXDY
IYY=IP(24)
TND=0
REWIND 10
WRITE(1002020)(IF(I)rIm1s24)
REWIND 10
IF(MU.EQ.2) GO TO 290
READ(10,2025)(X(I+I2) s I=1,24)
12=12424
G0 T0 320

290 REALC10¢2030) (X(I412)+1=1:24)
12=12+24
GO TO 320
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PR332 233222233333 38333333333 333 73]
295 I2=11412-ITT7

CHECK IF IT IS LAST DAY OF SFECIFIED SEASON

o0on 0o

IFCINXOY.EQ.1.ANDL.THO.EQ.M2) GO TO 405
IFCINXDY JEQ. 1. AND. THOER.LMR.AND.IYF.EQ.LYR) GO TO 405
GO Y0 (300,310+250) 1NN1

o0

XXk INFUT HOUKLY FRECIFITATION DATA

300 DO 305 1I=1,12
READCIND»2035) IYR o IHO» TDY o (XCI412) 9 I=1012) o INXDY

305 I2=12+412

»RX

GO 7O 320

e oo

X%k INPUT HOURLY FRECIFITATION DATA
310 0O 315 II=1,1Z
REAU(IN2, 2040) IYRy IND» IDY o (X(T412)+I=1,12), INXDY
315 I2=12412
C kxx
320 I1=ITTX(INXDY-IDY)

IF(11.67.0) GO TO 295
GG TO(325,335, 325,330, 32%, 330+ 325, 325,330,325, 330+325) 4 INO
325 NUMDY=31
GO TO 340
330 NUMIY=30
GO TO 340
335 X1=1YR
X2=) YR/ 4
X3=X1/4.,
TH(X2,EQ.X3) NUMDY=29
IF (X2.NE.X3) NUMDY=28
340 11T (NUNDY+1-IDY)XITT

GO TO 295
[
C IDENTIFY EACH RAINSTORM AND COMPUTE ITS DURATION» TOYAL DEPTH
C
405 LC=0
MC=1
NC=1

[0 430 JD=1,12
430 AQ(JD) =0,
DO 475 I=1,12
IF(Xx(I).67.0.) GO TO 410
IF(NC.NE.HC) GO TO 420
GO TO 475
410 IF(LC.GT.0) GO TO 415
NC=MC+1
41% LU=LC+L
DLC)=X(I)
JF(I.EQ.X2) GO TO 420
GO TO 475
420 TF(LC.GE.,1.ANIILC.LE.12) GO TO 500
GO TQ 474
500 DO 505 J=1»LC
Ji=LC-J41
NO 504 J2=15J1
J3=J2¢0-1
SUM=0,
DO 503 Ja=J2,J3
503 SUM=SUMED (J4)
IF(SUM.GT.AQ(J)) AQ(J)=SUM
904 CONTINUE
305 CONTINUE
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MC=MC+1

474 LC=0

47% CONTINUE
KY=KY41
00 480 ID=3e12

480 Q(KY»ID)=AUCTIN
YEAR(KY)=IYR

[ CHECK IF IT IS THE LAST YEAR OF THE FPERIOD YO BE ANALYZED

485 IF(IYR.LT.LASTYR) GO YO 1295

WRITE(IOUT »4000)> NAMONCIMR) » IYER'NAMON(LMR) ¢ LYR
NM13=M1
NHT4:=M2
WRITECIOUT»4001) NAMON(NMTI) yNAMON(NMTA) 1 IFIRSTILASTYR
IFC(IMR.LE.M1) GO TO S02
IMR1=IMR~-1
WRITECIOUT »4002) NAMON(NMT3) »NAMONCIMK1) + IYER

502 IF(LMR.GE.M2) RETURN
LMR1=LMR+1
MNMO=MONTH (NMO)
WRITECIOUT»4002) NAMON(LMR1) » NAMONCMNMO) sLYR

4000 FORMATC(//10X»16HLENGTH OF RECORDy»3IX»A3r»3H 19912:3H -
1 A3s3H 195 12y/)

4001 FORMATC(/10Xs ISHFERIOD ANALYZED»3XsA39s3H ~ sA321Hr 13X 19y
1 12034 - »2H19912+/)

4002 FORMAT(/10X»29HPARTIAL SEASON : NO DATA FOR »
1 A2s3N =~ +A3e3H 19212/)
RETURN

2005 FORMATC(IS+312v1X9»12F3,2929X912)

2010 FORMAT(ISe3I2s1Xs12F3.1929X012)

2035 FORMATC(I693129T3912A3929X912)

2020 FORMAT(24A0)

2025 FORMATC(24F3.2)

2030 FORMATC(24F3.1)

2030 FORMATCAX»3T201X912F3,2929X012)

2040 FORMAT(AXe3I291X212F3.1929X512)

3003 FORMAT(22HRK REVERSED DATA %2 19,12,214)

3010 FORHAT(21H¥¥ MISSING DATA 3% 19912,214+5Xe24A3910X01I2)

3015 FORMATC(ZSHEE ACCUMULATED DATA %X 19+12:214+5X224A3110X912)
END

GSUBROUTINE RANK (OMAX» JJs RNK2NN)

NIMENSION FLOW(99)s RNK(99)» OHAX(99)
INTEGER RNK

"o 1 I=1,JJ

1 FLOWCT ) =QMAX(T)
N=1
N0 4 K=1sNN
D0 3 I=1,J4J
IF (FLOW(I).BE.FLOW(N)) GO TO 2

GO0 TD

2 RNK(K)=]
N=RNK(K)

3 CONTINUE
FLOW(N) =0,

4 CONTINUE

D0 S XI=1sNN
N=RNK(T)

S FLOWCI)=QMAX(N)
DO 6 I=1+NN

é AMAX(T)=FLOMW(I)
RE TURN
END



[»]

SUBROUTINE FIY (KsQsSLOFEINTCPY,SE»SYDI»COKCOF +N+MEAN,NL)

DIMENSION K(99), R(99)
REAL N+ INTCPT¢MEAN
J=1
H=N
IF (NL.EQ.2) GO TO 2
N=0,
B-0.
C=0.,
10,
DD 1 I=JsN
A=A+K(T)
B=B4+Q(I)
C:C+R(D)xQc(I)
1 D=D4K (I ) XK(T)
E=AXA-M¥D
SLOPE= (AXE-MXC) /E
INTCPT=(AXC-DXB)/E
2 CONTINUE
B=0,
C=0.
N0 3 I=JeN
3 B=k+Q<(I)
BB=R/M
MEANaBE
DO 4 I=JsN
4 C=C+(0(I1)-BB)&(Q(]1)~-BB)
STDD=SART(C/(M-1))
IF (NL.EQ.2) INTCPT=MEAN
IF (NL.EQ.2) SLOPE=STDD
A=0.
R=0,
DD S I=J«N
A=A+ (SLOPESK (D) +INTCPFT-Q(1) ) R(SLOPEXK(I)+INTCPT-Q(]1))
5 BaB+ (SLOPESK(I)4INTCPT-BB)X(SLOPESK(I)4+INTCPT-BB)
SE=SQRT (A/(M-2))
CORCOF=SORT(R/C)
RETURN
END

SUBROUTINE DESIGN (ToSLOPEs INTCPT»MsMU»I0UT)

REAL Ky INTCPT
DIMENSION UNIT(2)
DATA UNIT/3HIN. s 3HMN./
IF (H.EQ.1) GO TO 1
K=(SURT(6.)/3.14159)8C(ALOG(10.)%ALOG10(T)~0.5772157)
Q=SLOPESK+INTCFT
GO 7O 2
1 Z=ALOG(T)-ALOG(T~1.)
K=-(8QRT(6.)/3.14159)%¢0.57721574AL0OG(2Z))
Q=SLOPEXK+INTCPT
2 CONTINJE
WRITE (JTOUT»902) TrKrQeUNIT(MU)
RETURN
902 FORMAT (1Xs13HMAGNITUDE OF sF4.0»7HYR. (K=yF7.4912H) RAINFALL =»
1 FB8.3+1XsA3/)
END

SUBROUTINE RESULT (SLOPEINTCPT»SE+STDD:)CORCOF » MEAN» Mo MMs MU IOUT)
REAL INTCPT«MEAN
PIMENSION UNIT(2)

DATA UNIT/3IHIN.» IHMM./
IF (M.EQ.2) GD TO &
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WRITE (IOUT,»901)
WRITE (IQUT,»903) INTCFT,UNIT(MU)
WRKITE (I0UT,902) SLOFESUNIT(MW)
WRITE (IOUT,»204) SE UNIT(M)
WRITE (1QUT»906) CORCOF
RF TURN
4 COHTINUE
WRITE CIOUT»?10)
IF (MM.EQ.DIGO TO B
WRITE (I0UY,911) MEANSUNIT(HW)
WHITE (TOUT»212) STODIUNIT(HU)
WR1TE CJOUT»904) SE2UNIT(MU)
WET1TE (IDUT,%063 CORCOSf
RE TURN
8 CONTINYE
B XT (D, 302585KNEAN)
WRTTE (TO0UWTy$14) MEANSBoUNIT(MU)
WRITE (JOUT,91%5) STID
WRITE (ICGUT»914) SE
URITE (TOUT,»906) COURCOF
KE FURN
P01 FOKMAT (//720XsJIHRESULTS USING LEAST SOUARES FIT/20Xe31(1H-)/)
P02 FORMAT (1Xr)29HSLOPE OF LEAST SQUARES LINE =+F10.2+,1X9A3/)
P03 FORMAT (1X»3IHINTERCEPT OF LEAST SQUARES LINE =sF10.351X»A3/)
904 FORMAT (1X»28HSTONDARD ERROR OF ESTIMATE =yF10.3,1X»A3/)
906 FORMAT (1Xy2UHCORRELATION COEFFICIENT =¢F7.4/)
P07 FORHAT (1X»29HSLOFE OF LEAST SOUAFRES LINE =+F10.5/)
F08 FORMAT (1X¢3IBHINTERCEFT OF LEAST SQUARES LINE =»F10.5+2X»1H=,F10,2
191X1A3/)
P09 FORMAT (1Xs28BHSTANDARD ERROR OF ESTIMATE =+F10.5/)
P10 FORMAT (//20Xr4BHRESULTS USING SAMFLE MEAN AND STANDARD DEVIATION/
120Xy48(1H-)/)
211 FORMAT (1Xe13HSANPLE MEAN =¢sF10.3/1X»A3/)
912 FORMAT (1X:27HSANFLE STANDARD DEVIATION =,F10.3+1XsA3/)
P14 FORMAT (1Xe 13HSANFLE MEAN =+F10.5:2Xs1H=»F10.3:1X92A3/)
P15 FORMAT (1Xs27HSANFLE STANDARD DEVIATION =,F10.5/)
?16 FORMAT (1X»28HSTANDARD ERROR OF ESTIMATE a,F10.5/)
END

GUBKOUTINE KFP (K'NsFF.G?

DIMENSION K(99)» FF(9?)
COMMON FErWeCrSURTL »GG
KEAL MEANYK
EXTERNAL F

NERR=0.,
C=4./ (GKG)
AR=-C-1.
SARTC=5QRT(C)
IF(AES(C) \LE.O.S) W=ALBANACC)
TF (ARSCG) .GT .0, 5)W=GAMMA(C)
1F (EER.EQ,129,0R. JER.EQ.130) STOP
I=1
1 CONTINUE
P=1.-1./FF(I)
IF CGeLT404) F=1./FP(T)
K(19==47797% (. 57724ALOG(ALOG (PP (1)) —ALDG(PP(1)=1.))) .
IF (B.LT.0) K(Ide-,7797%(,57724ALOG(ALOG(PF(1)/(PP(1)-1))-ALOG(1/(
1IFF<(I)=-1))))
N=-SORTCH1E-13
IF(RCTI W LE AIK(T)=A
B=K (1)
=NGADRE (F + Ay Ey AERR» RERR s ERROR » IER)
2 CONTINUE
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350

199

200

Yo¥ (R)

DK=(F-8§)/Y

IF(ABS(DK'.LT.1,)60 TO 350
IF(DK.LT.0. O DK==1,

IF (BK.GE.O. ‘DK=1,0

COoN INUE

nE=F-G

TF (ARS(DF),LT.0,0000011G0 TD 3
A=B

TF ((B4DK) .67, ~SORTC)GO TO 200
DK:=DK/2,

6U 10 199

CONTINUE

B=RADIK

DS NICADRE (F »A» Er AERR » RERR s ERROR s TER)
S=54D8

K(1)=K (1) +DK

G0 TO 2

CONTINUE

KCIYsK (1) 4+DK

IF (GsLT.0.) K(I3=—K(I)

IF (1.EQ.N) RETURN

1=141"

GO TO 1

END

FUNCTION F (X)

COMMON RE,W,C.SARTC,GG
XKCFC=XKSURTCAL

IF (ABS(GG) + LE + 0+ 5) ARGL=ALOG(SORTC ) —W+BRXALOG ( XRCFC ) ~XRCPC
IF (ARS(G6) .GT.0.5) ARGL=SORTCAXRCFCERRE/ (WREXF (XRCFC))
If (ABS(ARGL).LT.500.) GO T0 1
t=1,E-30

RE TUKN

CONTINUE

F=EXFP (ARGL)

(F (ABS (GG « 6T .0.5)F=ARGL
RETURN

END

SUMROUTINE UERTST (IER»JUNK,IOUT)

IF(JER.LT.128) RETURN

WRITECIOUTr1) IEK

RETURN

FORMAT (27H POSSIELE ERROR IN K VALUE ,13)
END
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal Highway Administration (FHWA) are
responsible for a broad program of staff and contract
research and development and a Federalaid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program and the
National Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP is a carefully selected group of proj-
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.®

The diagonal double stripe on the cover of this report
represents s highway and is colorcoded to identify
the FCP category that the report falls under. A red
stripe is used for category 1, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category 0.

FCP Category Descriptions
1. Improved Highway Design and Operstion
for Safety

Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act and includes investigation of
appropriate design standards, roadside hardware,
signing, and physical and scientific data for the
formulation of improved safsty regulations.

Reduction of Traffic Comgestion, and
Improved Operstional Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by improving designs for
exis 1g as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such a¢ bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

Eaviroumental Considerations in Highway
Design, Location, Construction, and Opers-
tiom

Eavironmental R&D is directed toward idenmtify-
ing and evalusting highway elements that affect

* The compiots soven-velome offivial statement of the FCP 1o evalloble from
qu.. au:-.u—ynh- evellehils without ui-fn'-
o
mmmamuutpn-u“

Adminiswatisn, Washingsen, D.C. 30000

4

0.

the quality of the human environment. The goals
sre reduction of adverse highway and traffic
impacts, and protection and enhancement of the
environment.

Improved Materials Utilisation and
Durability

Materials R&D is concerned with expanding the
knowledge and technology of materiale properties,
using available natural materials, improving struc-
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
substitute materiale for thoee in short supply, and
developing more rapid and reliable testing
procedures. The goals are lower highway con-
struction costs and extended maintenance-free
operation.

Improved Design 0 Reduce Costs, Extend
Life Expectancy, and Insure Strwctural
Safety

Structural R&D is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways at ressonable costs.

Improved Technology for Highway
Coastruction

This category is concerned with the research,
development, and mpbmuﬁo. of highway
comstruction technology to increase productivity,
reduce energy comsumption, conserve dwindling
resources, and reduce costs while improviag the
quality and methods of construction.

Improved Techmology for Highway
Maintensnce

This category addresses problems in preserving
the Nation’s highways and includes activities in
physical maintenance, traffic services, manage-
ment, and equipment. The goal is %0 maximine
operational efficiency and safety to the traveling
public while comserving resources.
Other Now Studies

This category, not included in the ssven-volume
official statement of the FCP, is concerned with
HPAR and NCHRP studies not specitically related
to FCP projects. Thess studies iavelve R&ED
support of other FHWA program office ressarch.
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