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CHAPTER I 

INTRODUCTION 

Fresh water is one requirement of modern man which may be ex

pected to contim,1e to increase in demand as long as man experiences a 

growth in population or technology. The two major sources of fresh 

water are the waters found on the surface of the land, known as surface 

water, and that found below the surface in a condition of complete 

saturation of the soil, known as ground water. 

Ground water is dependent upon the surface water as its source 

of replenishment by infiltr;1ticm. Fresh surface water relies complete

ly upon precipitation as its ultimate source. Both ground and surface 

water may become contaminated, either by the activities of modern 

society or by natural processes. When this occurs, the most common 

and by far th~ cheapest meth9d of returning the quality of the water to a 

usable condition is by the natural evaporation and subsequent precipita

tion process. 

This p:riocess, when all the aspects of evaporation, precipitation, 

and water movement, both above and over the land and sea are consid

ered, is called the hydro logic cycle. The part qf the hydrologic cycle 

taking place over the land masses produces the readily usable fresh 

water supplies. This is the phase of the hydrol.ogic cycle, known as 

the runoff cycle, which must be better understoqd if full advantage is to 

be taken of the ~vfl.ilable fresh water resources. 

1 
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The runoff cycle consists of five phasea, or soil conditions. 

These five phases are discussed in Chapter II, but for now the five 

phases can be considereq to be a general description of precipitation, 

evaporation, infiltration, runoff, and interflow, the flow of water below 

the surface but above the saturated zone. 

The factors affecting the runoff cycle are many and complex, but 

may generally be divided into two large catagories; these are climatic 

and physiographic. The physiographic conditions of an area are its 

combined physical and geological characteristics. Some areas change 

drastically over a period of a few years, mostly due to urbanization, 

agricultural expansion, or industrial development. However, some 

natural phenomena may resu\t in the rapid alteration of the physical 

appearance of an area. For this study, an area in north central 

Oklahoma (Figure l-1) was chosen. The area has remained reasonably 

constant in its physiographical characteristics over the six-year study 

period from 1954 to 1959. The area is known as the Council Creek 

Basin, located in Payne County,, Oklahoma. A basin or drainage basin 

is an area consisting of the entire area from which the runoff from 

precipitation contributes to the flow of the stream. 

If the geological characteristics of a bas in remain constant and 

the physical characteristics can be considered to vary with the season, 

then the variations in the runoff cycle may be described as a function 

of the climate and the season. In Chapter II, climatic conditions will 

be discussed. The climate will be seen to determine various charac

teristics of the basin, which in turn control the runoff cycle. 

These basin characteristics, vegetal cover, soil moisture, etc., 

are extremely difficult to measure. Thus, this study of the runoff 
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cycle will not attempt to quantitatively describe these weather-related 

basin characteristics, but rather will deal excl1,1sively with the weather 

conditions themselves. This is a reasonable alternative to the quantita

tive description of the basin characteristics resulting from climatic 

variations. 

The study consists of a series of seven computer programs de

signed to determine what, if any, effect rainfall amount, duration, areal 

distribution, antecedent rainfall, antecedent temperature, and season 

have on the runoff cycle. Each was studied separately and in conjunc

tion with the other parameters. These parameters were chosen because 

they control the climatic characteristics of the basin~ and because of 

the ease and the frequency of which they are measured. A 11 basin 

characteristics which are not dependent upon these parameters are con

sidered to remain constant or to have little effect on the runoff cycle. 

Listing of the seven programs may be found in Appendix A. A 

short explanation of each program precedes each program. One pro

gram similar to the general flow chart in Appendix B may be used to 

obtain the same data obtained from the seven programs. A series of 

programs was used in this paper to facilitate the study of the individual 

parameters. 

The study period in each year is only 300 days. Runoff conditions 

during January and February were not considered because of periodic 

freezing. The water is in the form of ice and snow during parts of 

these winter months, and interflow is hampered by the periodic freez

ing. Relationships developed for the runoff cycle during the rest of the 

year are not applicable under these circumstances. Although March 1 

is the first day considered in the study of the runoff cycle, thirty days 



of rainfall and temperature records prior to March 1 are supplied to 

the computer to develop the antecedent conditions. Thus, thirty days 

prior to March 1, either January 30 or 31, is day one in the computer 

programs listed in Appendix A. 

5 

A pp end ix C is a listing of the days and week numbers used by the 

computer, and the corresponding month and day of the calendar year. 

The methods outlined in this study will reduce the necessity to re

ly on empirical equations to predict runoff. Runoff predictions can be 

made based on relationships developed from historical data, and based 

on theoretically sound assumptions. 



CHAPTER II 

LITERATURE SURVEY AND THEORY 

Literature Survey 

When water reaches the earth as rain, several paths are open for 

it to follow, By following one or more of these paths, the water will 

eventually return to the atmosphere. The moisture may return immedi

ately to the atmosphere as evaporation when reaching the surface, or 

even before reaching the ground. Rain may be intercepted by vegetation 

and not reach the ground, or it may be held in small depressions in the 

ground surface to await evaporation or infiltration into the soil under 

the force of gravity. The moisture held by the soil below the surface 

but above the level of saturation, known as the groundwater table, is 

referred to as field moisture ( 13 ). That part of the field moisture 

which is held indefinitely by the soil grains and is not subject to gravity 

drainage is called the field capacity. If the field moisture is greater 

than the field capacity, the excess will flow slowly downward and later

ally to the water table or to an outlet on the surface at a lower eleva

tion. When the water table rises to a level above the ground surface, 

water will flow from the ground and will once more be subject to evapo

ration. The water may then flow overland or be a part of the channel 

flow, possibly to return again to the ground systems at a different loca

tion. 
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Field moisture may also be taken up by the plant roots and re

turned to the atmosphere via transpiration. When the field moisture is 

thus reduced to a level below the field capacity, a field moisture defi

ciency equal to the difference is observed. 

When the rainfall exceeds. the interception and surface depression 

storage capacity, and the intensity of the rainfall is greater than the 

infiltration rate into the soil, overland flow occurs, Overland flow 

carries the water to larger storage basins and to stream channels to be 

eventually transported to the seas. Part of the water will be evaporated 

on the journey and, where the stream channel is above the water table, 

part will enter the soil to become field moisture and groundwater. 

The amount of rain which follows each of the above pathways is 

dependent on the climatic and physiographic characteristics of the 

drainage basin before, during, and after the rainstorm. 

The above pathways taken by the rainfall between precipitation and 

evaporation, and the time periods associated with each, have been des

cribed in a variety of ways. Hoyt ( 6) refers to the five-phase runoff 

cycle, which describes the time periods and soil conditions before, 

during, and after a rainstorm. The first phase consists of the rainless 

perfod prior to the initial rainfall. The leµgth of the period and the 

severity of the weather conditions, temperature, wind velocity, etc., 

are major factors in determining the length of the second phase or 

initial period of rain. During thls phase, the demands of interception, 

initial infiltration, and the filling of the small surface depFessions are 

greater than the rainfall. With the filling of the local depressions, in

filtration continues, but if the rain continues at an intensity greater 

than the infiltration rate, phase three is reached. Water begins flowing 
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overland and as interflow to the stream channels. Field moisture 

capacity is exceeded in the upper soil, water moves down through the 

soil to the water table, and laterally toward a lower elevation outlet. 

This combined downward and lateral movement through the soil is known 

as the soil transmission rates. As the upper soil becomes saturated, 

infiltration will be limited by the transmission rates. During phase 

three, infiltration rates begin decreasing because of this limiting factor. 

Phase four brings the satisfying of all surface storage. Infiltra

tion continues to decrease as the rate of infiltration approaches the 

transmission through the soil. The water table may begin to rise dur

ing this phase. Rainfall in excess of the infiltration rates takes the 

form of overland flow to the channels and lakes. The third and fourth 

phase together are referred to as the effective rainfall, and is that part 

of the total rainfall which is responsible for runoff. 

The fifth stage is the transitory period between the termination of 

the effective rainfall and the time when the condit Lons of the first phase 

are reached. Surface storage becomes depleted, channel storage de- . 

creases as overland flow ceases, followed by the cessation of interflow. 

The water table may rise initially, but spring, effluent streams, and 

transpiration will act to cause a decline in the level of the saturated 

zone. 

The runoff cycle may be described in another manner. Wisler 

and Brater (13) divide the rainfall period into three stages: the initial 

period, the net supply interval, and the risidual rain. The initial 

period, or stage, lasts until overland flow begins, corresponding to the 

second phase of the runoff cycle. The net supply interval, or second 

stage, is_the time period commencing with the start of overland flow 
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and lasting until near the end of the storm, when the rainfall intensity 

has decreased to a rate less than the infiltration rates. This last' stage 

is known as the risidual rain. The stage of the storm refers to one of 

the three parts of the storm described by Wisler and Brat er. The 

phase is the term usually used in this study. lt always refers to Hoyt's 

runoff cycle. 

The first stage is dependent upon the physiographic characteris

tics, topography, soil type, etc., of the drainage basin, the extent of 

the first phase of the runoff cycle, and the climatic conditions including 

the type of vegetal cover. Research in Germany (4) has shown the inter

ception loss in wooded areas to be much greater than for any other type 

of cover. Cover is also a factor in soil moisture, since transpiration 

is a major cause in the redµction of field moisture. The type of cover 

largely determines the rate of moisture loss from the soil due to evapo

ration as well as transpiration rates (11). 

Four classifications (2) of climatic characteristics must be con

sidered in the investigation of the runoff cycle: precipitation, intercep

tion, evaporation, and transpiration. A description of precipitation may 

include form, type, intensity, duration, time distribution, frequency, 

direction of storm movement, antecedent precipitation, and soil mois

ture. Interception, the result of vegetal cover, will vary with the sea

son and the length and intensity of the storm. Evaporation depends upon 

the physical characteristics of the basin and on the weather condtions-

temperature, wind velocity and direction, and atmosphere pressure. 

Transpiration is also dependent upon the type of cover and weather con

ditions. 
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Physiographic conditions may be divided into two general physical 

categories (2): basin and channel characteristics. Basin characteris

tics include size. shape, slope, elevation, stream density, land use, 

vegetation, soil types, permeability, and topographic conditions. Chan

nel characteristics consist of carrying and storage capacity. 

The climatic and physiographic conditions of a basin are not inde

pendent of each other. The parameters which define one also affect 

several basin characteristics of the other. A simpler though perhaps 

less accurate approach to acquiring rainfall-runoff relationships would 

be to use fewer but less inter-dependent variables. These could be re

lief, soil infiltration, vegetal cover, and surface storage ( 1). These 

four parameters will be influenc;:ed by all the factors which affect the 

climatic and physibgraphic conditions. 

A study of the runoff cycle should use those parameters which can 

be readily measured and are applicable to the cycle. Any study of rain

fall-runoff relationships must be based on historical data; thus, the 

study is limited to the natural phenomenon which has been observed and 

recorded. Any one event can only be observed once and does not repeat 

itself ( 2). Therefore, the parameters selected must be restricted to 

those easily measured and routinely recorded data. From this histori

cal data, a rainfall-runoff relationship may be developed. From a plot 

of runoff versus rainfall,· a linear relationship can be obtained ( 10). 

One factor which has been proven reliable in predicting the runoff 

is the date or week of the year ( 9 ), when it is used in conjunction with 

rainfall amount, intensity, and antecedent moisture conditions. 

Three general methods of making soil moisture condition deter

minations (7) are: the number of days since the last rainfall, the dis-
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charge at the beginning of a storm, and antecedent precipitation. The 

first method is very insensitive and has not been used with any marked 

success. The second method is good in humid and semi-humid regions 

if used in conjunction with the season. However, it does not reflect 

changes caused by ra tns during the previous week. Antecedent precipi-

tation has been proven effective when used with the season of the year 

or with temperature. 

One method of measuring the antecedent precipitation is 

where 

I = antecedent precipitation 

p = . •t t' f .th d . prec1p1 a ion o i ay prior 

b = fun ct ion of i, usually taken as 1/ i. 

By using the mean temperature as a parameter, Lanbein et al. (8) 

have shown a satisfactory relationship between annual rainfall and run-

off. Hopkins and Hackett ( 5) investigated antecedent temperatures for 

single storms using the temperature index to correlate season, eleva-

tion, and latitude. They found a good correlation exists with mean 

temperature, but not with either maximum or minimum temperatures. 

The parameter they suggested using for antecedent temperature is the 

Antecedent Temperature Index (ATI). The ATI for any week of the 

year is defined as 

ATI= 0.9ATI(prev. week)+ O.lT 

where T is the previous week's average mean temperature. 

In evaluating the seasonal parameter, Linsley and Kohler (9) 

suggest using the week number. Rainfall amount and duration are the 

last two parameters to be considered. These parameters, together 



12 

with the antecedent temperature index, antecedent precipitation, and 

areal distribution should be adequate to establish a relevant relationship 

between rainfall and runoff for a basin whose physiographic characteris-

tics have not drastically changed over the testing period. 

Theory 

The second phase of the runoff cycle, the initial rainfall, was said 

to be a function of the weather conditions preceding the event, the sea-

son, and the physiographic characteristics of the runoff area. The 

weather conditions are a quantitative description of the first phase of 

the runoff cycle. The two most important weather parameters affecting 

the second phase are antecedent precipitation and antecedent tempera-

ture. The quantity of rain required to satisfy the demands of the second 

phase of the runoff cycle, the initial rainfall requirement$ or, more 

simply, the I. R., is a function of the antecedent precipitation, antece-

dent temperature, season, and the physical characteristics of the basin 

or areal distribution of rain over the basin. Figure 2.1 is a plot of 

rainfall versus runoff for the Council Creek Basin. The data points 

were taken from six years of records, two years are shown; 1956 is 

t d b II II d ·19 57 ' d II II represen e y o an 1s represente by x . The dotted line rep-

resents a runoff of one inch per inch of rainfall. If a first-order curve 

is passed through the plotted points, the resulting equation ls 

Runoff= .2 x Rainfall - 0.14. ( 2. 1) 

This curve was visually estimated to obtain a first approximation of the 

rainfall-runoff relationship. The values of runoff and rainfall are in 

inches. The more general form of the equation is 

Runoff= B x Rainfall+ C. ( 2. 2) 
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C is always a negative number (see Figure 2. 2). In this figure, I. R. 

is the initial rainfall requirement and DIFF represents the effect of 

antecedent precipitation on the runoff curve. If the values of B and C 

are not considered to remain constant, but to vary with the antecedent 

conditions, then an accurate value of runoff could be predicted for any 

storm for which the antecedent conditions are known. 

Tlle initial rainfall requirement is represented on the graph as 

the point where the runoff curve crosses the rainfall axis, or where 

the runoff equals zero, From Equation (2. 2) 

Runoff = 0 = B x I. R . + C 

where 

B = slope of runoff curve 

C y-intercept of runoff curve 

and 

I. R. = -C/B 

where I. R. is the Initial Rainfall. 

( 2. 3) 

(2.4) 

B, the slope of the rainfall-runoff curve, represents the fraction 

of the effective rainfall that becomes runoff. Earlier in this chapter, 

it was stated that this fraction is limited by the transmission rates of 

the soil. Of the parameters chosen to study in relation with the runoff 

cycle, the season, temperature, areal distribution, and duration can all 

be expected to influence B. 

Duration is expected to have little effect on the second phase of 

the runoff cycle. However, its effect on the value of B was investigated 

using the sixth program (Appendix A). Correction factors for different 

durations were calculated. These values were used to adjust the pre

dicted runoff using first the entire rainfall, Equation ( 2. 3 ), and then 
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only the effective rainfall (E. R. ). Adjustments to the effective rainfall 

gave the better results. The adjusted values of B for duration to be used 

with the effective rainfall is noted as B'. The theoretical runoff equa-

tion thus becomes 

Runoff= B' x E. R. 

where 

B' = Bx F 

F is the correction factor for the duration of the storm. 

where 

E. R. = Rainfall - I. R. 

E. R . ~ effective rainfall 

I. R. = initial rainfall 

B' = slope of the runoff curve adjusted for the 
duration of the storm. 

( 2. 5) 

( 2. 6) 

( 2. 7) 

Values of B and C were calculated for eight ranges of the antece-

dent temperature index (ATI), and for different seasons of the year 

(see Programs Three and Four in Appendix A). The best results were 

obtained by averaging the resultant B's and C's. Allowing BT and CT 

to represent the values calculated using the ATI, and BS and CS to 

represent the constants calculated for the various seasons, Equation 

(2. 4) becomes 

= (CT + cs1 I. R. ,BT + BS ( 2. 8) 

and Equation ( 2. 6) becomes 

B' = { (BT + BS) x F ( 2. 9) 

where 



BT = slope of runoff curve using the A'l'I 

BS = slope of runoff curve using the seasonal variation 

CT :;: y-intercept of the runoff curve using the ATI 

CS = y-intercept of the runoff curve using the seasonal 
variation 

F = correction factor for the duration of the storm. 
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Antecedent precipitation affects the initial rainfall requirement, 

but is expected to have little effect on the slope of the runoff curve. 

Thus the runoff curve can be adjusted for antecedent precipitation by 

adjusting the value of C. In the fifth program (Appendix A), a linear 

relationship was establishecl between the adjustment of C and the ante

cedent precipitation. 

where 

DIFF = Slope x A NPR - CONS 

DIFF = adjustment of runoff curve due to antecedent 
precipitation 

Slope ;: slope of adjustment curve 

ANPR = antecedent precipitation in inches per day 

CONS = y-intercept on the adjustment curve. 

Equation ( 2. 8) now becomes 

IR =ct(CT+ CS)-DIFF\ 
. . f(BT + BS) ) 

( 2.10) 

( 2.11) 

A real distribution will affect both the initial rainfall requirements, 

by the varying amount of local storage, and because of the differing 

transmission rates in the basin, the slope of the runoff curve. If AD 

represents the change in runoff due to the rainfall distribution, and the 

runoff ·is equal to the effective rainfall times B ', then from Equations 

( 2 . 7 ) , ( 2 . 9 ) ~ and ( 2 . 1 0 ) 
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Runoff= AD x B' x (Rainfall - I. R.) (2.12) 

where 

AD= areal distribution correction factor. 

During part of the summer, the slope of the runoff curve, B, be

comes very small. This causes C to become small. Thus, if the 

antecedent precipitation is large, which is very unlikely in the summer, 

DIFF could become greater than }(CT + CS). This results in a posi

tive C and a negative I. R. To correct for this, DIFF is never allowed 

to exceed -i (CS+ CT). 

A 11 calculations are made using station flows. The stream flow 

is equal to the sum of each of the station flows multiplied by the frac

tion of the total basin area each basin represents. 



CHAPTER III 

THE STUDY AREA 

Council Creek is an intermittently flowing stream in north central 

Oklahoma. It is located 36° latitude and 97° longitude in eastern Payne 

County. The gaged drainage basin is 30.2 square miles in area, with 

an outlet altitude of 838 feet, where it drains into the Cimarron River. 

Figure 2. 1 is a map showing the location of the basin; Figure 3. 1 shows 

the general area around Council Creek. The three towns shown in the 

map have reporting weather stations whose data were used in this study. 

'rhe three stations (Stillwater, Maramec, and Cushing) were used to 

develop a Thiessen map of the basin, Figure 3. 2. In a Thiessen map, 

any rain reported at one station is assumed to have fallen uniformly 

over the entire area represented by that station. In this report, the 

term station area means the Thiessen area represented by that station. 

Also, area one or station one is the same as the Stillwater station area 

and represents 26 percent of the total basin area. Area two refers to 

the Maramec area and area three to Cushing, and represent 52 and 22 

percent of the total basin, respectively. 

The economy of the area is based on agriculture; thus the physical 

features of the land have remained relatively constant for the testing 

period. The area is characterized by low rolling hills and relatively 

flat valleys. 
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Geologically, the area is considered part of the Northeast 

Oklahoma Platform ( 3 ). The geological formations consist of alternate 

layers of sandstone and shale. The shale is gray to greent-sh gray in 

color, silty, and micaceous in composition. The sandstones are of 

three types, all of which are fine to medium grained and well cemented. 

Thus the permeability varies over the basin. The areas of sand woold 

have high infiltration rates, while the presence of large quantities of 

shale may restrict infiltration elsewhere. The fine grained, well ce

mented sandstone aquifers are not highly permeable, nor do they have 

high transmission rates. 



CHAPTER IV 

THE METHOD OF A NA L YSIS A ND RESULTS 

Antecedent Precipitation 

Figure 2.1 is a plot of the typical rainfall-runoff relationship. 

'rhe data points, marked "x" and 11 0 11 , were picked at random from the 

even.ts occurring in the Council Creek Basin during two years: 1957 (x), 

a year when the precipitation was greater than normal and 1956 (o), a 

drought year. The runoff during the dry year is nearly always below 

the level of runoff from similar size storms occurring during the wet 

year. This is a very strong indicatio:i;i that the antecedent precipitation 

will greatly affect the rainfall-runoff relationship. Also, the spread of 

the plotted points for the dry year is much less than for the wet year. 

A straight line visually passed through the plotted data points 

gives the first approximation of the rainfall-runoff relationship; 

Runoff= 0.2 x :Rainfall~ 0.14 (4.1) 

Runoff an,d Rainfall are in inches. The runoff inch is the volume of 

flow which would occur if an average of one inch of water would run off 

the total drainage area. In discussing the station areas, a volume of 

one inch would be different for each area, but the average volume of 

runoff produced per area would be the same. 

The points plotted for the wet year are widely scattered and fall 

both far above and below the curve. All events in 1956 fall below the 

line. This curve will be referred to as the theoretical runoff curve, 

23 
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and values calculated using the equation of the curve will be called the 

thepretical or predicted runoff. 

As can readily be seen from Figure 2. 1, any attempt to estimate 

runoff on the basis of ralnfall amount alone would be a hopeless task. 

However, from the figure, it can also be seen that events duri.pg the 

wet year generally produce larger runoffs than similar events during a 

dry year. If this is assumed to be the result of a higher antecedent 

precipitation, then the relationship between the theoretical runoff curve 

(Equation (4.1)) and antecedent precipitation would be a logical starting 

place. 

The definition of antecedent precipitation is 

(4.2) 

Let b. equal l/i, where i is the number of days prior to the event. As 
1 

i increases, b. will decrease until the term b .P. becomes insignificant . . 1 . 1 L 

for any reasonable value of f>i' For practical purposes, the upper 

limit of i was set at 30. For rainfalls in excess of three inches occur-

ring just more than 30 days prior to the event, an error in the calcu-

lated value of antecedent precipitation of about 0. 1 results. The calcu-

lated values for the weather stations in the Council Creek Basin range 

from less than one-hundreth to more than two and one-half inches per 

day. 

The first computer program, A pp end ix A, was written to find 

each storm which produced a significant amount of runoff, or a storm 

of significant size to have produced significant theoretical runoff. The 

antecedent precipitation for each storm and station area was calculated. 

Total rainfall and duration, and the day the storm began for each station 

in the ba~in were found and the total runoff from the basin for each 
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storm was calculated. The runoff was divided into three values, each 

representing the runoff from one of the areas. These areas represent 

the Stillwater, Maramec, and Cushing regions shown on the Thiessen 

map in Figure 3. 2. The separation of the stream flow into the three 

area flows was accomplished by dividing the flows according to the are9-
I 

each represents on the Thiessen map, but weighing the area flows in 

accordance with the respective rainfalls at each station. For further 

clarification, see Appendix A. 

The values for rainfall, runoff, and antecedent precipitation for 

each storm and station were read into the fifth program. Theoretical 

runoff values were calculated for each storm. The difference between 

the theoretical or predicted runoff and the calculated station flows was 

taken and paired with the antecedent precipitation for that storm. These 

pairs of numbers represent the plotted data points on a graph of the 

runoff variation from the theoretical values versus antecedent precipita-

tion. The variation curve was assumed to be a first-order equation. 

The program then calculated the equation of the curve using the method 

of least squares ( 12 ). 

The method of least squares is the process of passing a curve 

through various points, such that the sum of the squares of the vari-

ances of each of the points from the curve is less than is the sum of 

the squares of the variances from any other curve of the same order. 

Values calculated from this equation will be referred to as the theoreti

cal runoff difference. 

The program now had values for the total rain and antecedent 

precipitation for each storm and station, and two equations for the con-

version of this data into expected values of runoff. Runoff was calcu-



lated for each storm by subtracting the theoretical runoff difference 

from the theoretical runoff. 
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Table I shows the results of adjusting the theoretical runoff equa

tion using antecedent precipitation. The predicted values of runoff for 

two years (1956, a drought year and 1957, a wet year) are shown. 

These results were converted from the actual printouts which gave the 

results as area flows. These flows were converted to stream flows 

for the table. In the table, "Rain" is the total rainfall for each storm 

in inches; 'Flow" is the volumetric runoff in inches; 11Theor" is the 

theoretical runoff in inches calculated from the theoretical runoff equa

tion (Equation (4. l)); "ANPR" is the antecedent precipitation in inches per 

day; and "ADJA" is the adjusted theoretical runoff value, or the value ob

tained after subtracting the theoretical runoff difference from the the

oretical runoff. A 11 values are Thiessen averages. The printout in

cluded one page of output for each year of input. One page is shown as 

typical results. 

In Figure 2. 1, it is seen that a much larger scattering in the data 

points occurred in the wet year than in the dry year. Less favorable 

results in wet years using the antecedent precipitation factor are to be 

expected. Table I confirms this assumption. The error is especially 

noticeable at the beginning of the year when the adjusted flow is too low. 

During this time of year, the temperature is lower and the evapo.,. 

ration rate is Less than during the summer. This results in the soil 

moisture being retained longer and the vegetal cover differing from 

what exists during the rest of the year. Thus, the second factor to be 

studied should be either antecedent temperature or season. In Chapter 

II, the antecedent temperature index, ATI, was found to be a function 



Month Day 

19!>6 -
Feb 18 

May 10 

May 22 

May 27 

Jun 25 

Jul 2 

Oct 11 

Oct 27 

Nov 1 

Dec 5 

1957 

Mar 18 

Mar 27 

Mar 30 

Apr 14 

Apr 17 

Apr 19 

Apr 27 

May 5 

May 8 

May 10 

May 13 

May 15 

May 17 

May 21 

May 28 

Jun 5 

TABLE I 

ANTECEDENT Pl{ECIPITATION 

Rain Flow The or 

0.67 0.0 0.278 

1.85 0.014 0.552 

0.56 0.0 0.224 

1.7 5 o. 110 0.546 

0.79 0.0 0.297 

0.76 0.015 0.298 

0.53 0.0 0.181 

0.68 0.0 0,250 

0,82 0.0 0.233 

0.54 0.0 0.220 

0.68 0.0 0.255 

0.91 0.017 0.329 

0.93 0.031 0.335 

1.97 0.461 0.607 

0,84 0.307 1. 017 

1.27 0.391 0. 513 

2.26 0.098 0.889 

0,91 0.205 0. 327 

0.81 0.253 0. 594 

1.02 0.234 0.358 

2.32 0.027 0.695 

0.95 0.080 0.339 

3.66 .2. 161 1. 928 

1.93 0.099 0.576 

1.69 0.088 0.517 

2.58 0.781 0.761 

27 

ANPR ADJA 

0.007 0.0 

0. 045 0.027 

0.381 0.0 

0,487 0. 181 

0.282 0.0 

0.147 0.0 

0.005 0.0 

0.009 0.0 

0. 126 0.0 

0.057 0.0 

0.081 0.0 

0. 183 0.0 

0.486 0.0 

0.196 0. 119 

1. 424 0. 534 

1. 477 0.376 

0.700 0.343 

0.679 0.008 

0.829 0.323 

1. 394 0.373 

0.863 0.406 

1. 297 0.970 

1.000 0.506 

2.069 1. 792 

1,831 0.631 

0.948 0.510 
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of the se11son when mean temperatures were used to calculate it. So 

the next parameter to be used in the development of the rainfall-runoff 

relationship will be the ATI. 

Antecedent Temperature Index (ATI) 

'l'abte II shows the ATI distribution for 1956 and 1957. The table 

corresponds to the output of the second program, Appendix A. Figure 

4. l is a graph of the ATI from February to December for 1956, 1957, 

and for the average of the six years of record. The peak values of ATI 

seem to occur during or very near the 35th week, which corresponds to 

the middle of September. The values of ATI are lower for 1957 than the 

average, reflecting the higher precipitation and, consequently, a 

larger number of days of cloud cover. A measurement of the ATI is 

not an accurate substitute for the season, but the location on the A TI 

curve is a close approximation. Also, the variation of the ATI from 

its normal values for the time of year offers an advantage in its use 

over the seasonal values. If the A TI is higher than normal, vegetal 

cover may suffer and less soil moisture will be present. This reduc

tion in cover is ignored if the seasonal parameter is used by itself. 

Conversely, a lower than normal ATI reflects a higher soil moisture 

and a thicker vegetal cover. 

An attempt to develop a relationship between A TI and the theoreti

cal runoff curve similar to the one developed for antecedent precipita

tion was unsuccessful. This was due to the rainfall distribution for 

this area. The bulk of the year's precipitation falls during the late 

spring. Thus, rains during the early spring do not result in large run

offs because of the low soil moisture. The normally expected low 
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TABLE II 

ANTECEDENT TEMPERATURE INDEX (ATI) 

Week ATI ATI 6-Year 
Month Day No. 1956 1957 Average 

Feb 6 2 26.9 36.0 37.4 

Feb 20 4 29.7 38,8 38.4 

Mar 2 6 34.8 39.6 40. 1 

Mar 16 8 37.2 41. 9 41. 9 

Mar 30 10 41. 5 43.7 43.9 

Apr 13 12 44.7 44.9 46,6 

Apr 27 14 47.6 48.8 50.5 

May 11 16 52.7 52.2 53.7 

May 25 18 56,5 55.3 56.7 

Jun 8 20 59.8 58.7 60.2 

Jun 22 22 63.6 61. 7 63.6 

Jul 6 24 67.3 65.6 67.0 

Jul 20 26 70.6 69.5 70.5 

Aug 3 28 73.7 72.3 73.1 

Aug 17 30 76.7 74,0 75.0 

Aug 31 32 78,0 75.5 76.5 

Sep 14 34 78.7 74.8 76.6 

Sep 28 36 78,5 73.5 76.6 

Oct 12 38 77.6 71. 7 75. 4 

Oct 26 40 75.0 67.7 71,5 

Nov 9 42 70.7 64.5 67. 1 

Nov 23 44 66.5 60.8 64.5 

Dec 7 46 62. 1 57.9 60. 1 
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moisture condit tons of the summer and fall due to the higher tempera

tures are macle even less by the scarcity of ratn. However, in the late 

spring, soil moisture is high due to the higher antecedent precipitation. 

Also, the late spring storms generally produce greater amounts of 

rainfall, and the heavier rains usually produc:;:e runoff amounts closer 

to the theoretical runoff curve than the lighter rains. 

The net result is a much larger predicted runoff for high and low 

values of ATI than actually occur. Moderate values of ATI are associ

ated with actual runoff greater than the predicted values .. This makes 

a first-order relationship impossible to develop. A second-order equa

tion was also found to be unreliable. Adjusting the theoretical values 

with the known antecedent precipitation relationship did not improve the 

results. It was then decided not to modify the rainfall-runoff relation

ship, but to develop entirely new theoretical runoff equations for several 

ranges in the A TI. 

Eight ranges in the ATI were used; the lowest was for all values 

below 40, the highest for all values above 70. The six middle ranges 

were each given a range of five degrees. The same data was read into 

this program as for the antecedent precipitation, except that A TI values 

were input instead of antecedent precipitation. '",['he least squares 

method was again used, this time to calculate the curves on a plot of 

runoff versus rainfall for each of the ranges of ATI. These new equa

tions were used to predict the runoff. The program made all calcula

tions and printed out all results in terms of the station flows (Program 

Three in Appendix A). These station flows were converted into stream 

flows for Table III. Results for 1956 and 1957 are shown in the table. 

The column headings are the same as before, except that ADJT is the 
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TABLE III 

RUNOFF PREDICTIONS USING ANTE-
CEDENT TEMPERATURE 

Month Day Rain Flow The or ADJT ATI 

1956 

Mar 18 0.67 0.0 0. 278 0.008 37.2 

May 10 1. 85 0.014 0.552 0. 100 49.6 

May 22 0.56 0.0 0.224 0.0 54.9 

May 27 1. 76 0.109 0.545 0.331 56. 5 

Jun 25 0.79 0.0 0.303' 0.047 63.6 

Jul 2 0.76 0.015 0. 298 0.032 65. 6 

Oct 11 0.53 0.0 0. 180 0.010 78. 1 

Oct 27 0.68 0,0 0.250 0.010 75,0 

Nov 1 0. 82 0.0 0. 248 0.023 75.0 

Dec 5 0. 54 o.o 0.221 0.016 64.5 

1957 
,----

Mar 18 0.68 0.0 0.255 0.051 41. 9 

Mar 27 0.91 0.017 0.335 o. 163 42.4 

Mar 30 0.93 0.031 0.341 0. 171 43.7 

Apr 14 1. 97 0.461 0.599 0.535 44.9 

Apr 17 0.84 0.307 0.320 0. 167 44.9 

Apr 19 1.27 0.391 0.414 0.292 44.9 

Apr 27 2.26 0.098 0.695 0. 156 48.8 

May 5 0.91 0.205 0.329 0.040 50.4 

May 8 1. 96 0.253 o. 591 0.383 50.4 

May 10 1. 02 0.234 0. 358 0.078 50.4 

May 13 2.32 0.027 0.695 0.505 52.2 

May 15 0.95 0.080 0.340 0.035 52.2 

May 17 3.66 2.i61 1. 735 1. 879 52.2 

May 21 1. 93 0.099 0.583 0.409 54.0 

May 28 1. 69 0.088 0.523 0.265 55.3 

Jun 5 2.58 0. 781 0. 566 0.048 56.5 
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new predicted runoff values based on the ATI and ATI is included instead 

of antecedent precipitation. 

The results again show slightly better results for the dry year 

than for the wet year. But the results are generally good, showing an 

easily developed relationship to exist betwe.en the antecedent tempera

ture and the rainfall-runoff curve. As may have been expected, the pre

d1.cted runoffs for the early spring and summer are not as good as for 

the late spring. The soil moisture is lower during these periods than 

the ATI is able to show by itself. Also, a larger number of events dur

ing April and May makes the results for these two months statistically 

more reliable. 

Now that the two relationships have been developed, one to define 

the theoretical runoff curve using the ATI, and the other to modify the 

exiE;Jting curve with respect to antecedent precipitation, it is time to 

test the interaction of the two parameters. This means modifying the 

antecedent precipitation program to accept the eight equations depen

dent on ATI and redeveloping the theoretical runoff difference equation. 

Combined Antecedent Parameters 

From Chapter II, the theoretical runoff equation (Equation (2. 2)) 

is 

Runoff = Bx Rainfall+ C. 

Eight values of B and C were calculated for the various ranges of 

ATI. These values were read into the Antecedent Precipitation program 

and used to calculate the new theoretical runoff. The theoretical, or 

predicted, runoff will now mean the runoff calculated from the theoreti

cal runoff equation using the constants calculated for the ATI ranges. 
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The theoretical runoff was adjusted as before, using the least squares 

method to find the new theoretical runoff difference equation. The re

sults are shown in Table IV. As before, the results for 1957 are less 

reliable than {or the dryer year. Using the ATI as a substitute for the 

seasonal fluctuations may be partially responsible. The values of ATI 

used in May and June of. 1957 corresponded to those of a month earlier 

in 1956. The seasonal variation cannot be totally accounted for by the 

use of the ATI. In the next section, seasonal variation is treated, by 

itself and in conjunction with ATI. 

Seasonal Variation 

The seasonal variation was approached using the same procedure 

as was used with the antecedent temperature, the fourth program in 

Appendix A. The year was divided into seven.,.week segments. For 

each time period, a new value for B and C were found for the theoretical 

runoff curve. These values were averaged with the values calculated 

from the ATI program to give a combined seasonal and temperature 

runoff equation. Table V shows the results: Column "ADJS" is the re

sults using seasonal constants only; "Theor" represents the results 

using the original equation (Equation (4.1)); and "ADJT" is the results 

using the average of the ATI and seasonal variation. 

Combining the two equations brings good net results. The late 

su:m.mer and fall predictions show similar results using either method. 

For 1957, early spr ln~redictions are generally better with the season

al method, while late A1'ril and May give better results using the ATI 

calculations. Because of the stabilizing effect of the two theoretical 
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TABLE IV 

COMBINED ANTECEDENT PARAMETERS 

Month Day Rain Flow The or ADJA ATI 

1956 

Mar 18 0.67 0.0 0.008 0.0 37. 2 

Ma,y 10 1.85 0.014 0.100 0.0 49.6 

M;:ty 22 0.56 0.0 0,0 o.o 54.9 

May 27 1. 76 0.109 0.331 0. 119 56.5 

Jun 25 0.79 0.0 0.047 0,0 63.6 

Jul 2 0.76 0.015 0.032 0.0 65.6 

Oct 11 0, 53 0.0 0.010 0.0 78. 1 

Oct 27 0.68 0.0 0.010 0.0 75.0 

Nov 1 0.82 0.0 0.023 0.0 75.0 

Dec 5 0. 54 0.0 0.016 0.0 64.5 

1957 

Mar 18 0.68 0.0 0.051 0.0 41. 9 

Mar 27 0,91 0.017 0.163 0.0 42.4 

Mar 30 0.93 0.031 0. 171 0.0 43.7 

Apr 14 1. 97 0.461 0.535 0.193 44.9 

Apr 17 0.84 0. 307 0.167 0,126 44.9 

Apr 19 1. 27 0.391 0.292 0.314 44.9 

Apr 27 2. 26 0.098 0. 156 0.700 48.8 

May 5 0.91 0.205 0.040 0.0 50.4 

May 8 1. 96 0.253 0,383 0. 221 50.4 

M1;1.y 10 1. 02 0.234 0.078 0.053 50.4 

May 13 2.32 0.027 0.505 0.862 52.2 

May 15 0.95 0 080 0,035 0.031 52.2 

May 17 3.66 2. 161 1. 879 1. 676 52. 2 

May 21 1. 93 0.099 0.409 0.771 54.0 

May 28 1. 69 0.088 0.265 0,363 55.3 

Jun 5 2.58 0.781 0.566 0.948 56.5 



Month Day 

1956 

Mar 18 

May 10 

May 22 

May 27 

Jun 25 

Jul 2 

Oct 11 

Oct 27 

Nov 1 

Dec 5 

1957 

Mar 18 

Mar 27 

Mar 30 

Apr 14 

Apr 17 

Apr 19 

Apr 27 

May 5 

May 8 

May 10 

May 13 

May 15 

May 17 

May 21 

May 28 

Jun 5 

TABLE V 

SEASONAL VARIATION AND ANTE
CEDENT TEMPERATURE 

Rain Flow The or ADJS 

0.67 0.0 0.278 0.014 

1. 85 0.014 0.552 0. 272 

0.56 0.0 o. 224 0.0 

1. 76 0.109 0.545 0. 328 

0.79 0.0 0.303 0.016 

0.76 0.015 0. 298 0.015 

0.53 0.0 0.180 0.010 

0.68 0.0 0.250 0. 010 

0.82 0.0 0.248 0. 021 

0.54 0.0 0.221 0.006 

0.68 0.0 0.255 0.009 

0.91 0.017 0.335 0.026 

0.93 0.031 0.341 0.028 

1.97 ·O. 461 0.599 0.302 

0.84 0.307 0,320 0. 142 

1. 27 0.391 0.414 0. 191 

2. 26 0.098 0.695 0.357 

0.91 0.205 0.329 0. 142 

1. 96 0.253 0.591 0. 289 

1. 02 o. 234 0.358 0. 142 

2.32 0.027 0.695 0.407 

0.95 0.080 Q. 340 0.014 

3.66 2. 161 1. 735 1.000 

1. 93 0.099 0.583 0. 373 

1.69 0.088 0.523 0. 243 

2. 58 0. 781 0.566 0.622 
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ADJT ATI 

0.010 37. 2 

0. 188 49.6 

0.0 54.9 

0.317 56.5 

0.015 63. 6 

0.022 65,6 

0.010 78. 1 

0.010 75.0 

0.021 75.0 

0.007 64.5 

0.036 41. 9 

0.095 42.4 

0. 100 43.7 

0.430 44.9 

0,052 44.9 

0. 241 44.9 

0.259 48.8 

0,075 50.4 

0.337 50.4 

0. 108 50.4 

0.406 52. 2 

0,021 52. 2 

1. 945 52. 2 

0.373 54.0 

0.255 55.3 

0. 594 56. 5 
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equations on each other, the average of the two calculated values will 

be used in all future theoretical runoff predictions. 

Duration 

Corrections for storm duration were made by changing the slope 

of the runoff curve. Reliable results were not obtained until the pre

dicted runoff values were first adjusted for antecedent precipitation. 

The reasons for thi1;1 can be seen by noting that most of the summer 

storms are of short duration. Because of the low antecedent precipita

tion, these storms produce little or no runoff, whereas storms of 1;1imi

lar size and duration produce sizable stream flows in May. 

Th~ correction factors were calculated by classifying all storms 

into three categories; less than 24 hours, between one and two days 

duration. and longer than two days. The predicted values for all the 

storms in each category were summed and divided into the total actual 

flows of the three durations. The resulting correction factors, called 

F, were multiplied by each storm's total rainfall to give the new pre

dicted flows. The program was then modified to multiply each storm's 

effective rainfall by the correction factor. This second procedure was 

found to givE;? the better results when the correction for antecedent pre

cipitation was not allowed to reduce the initial rainfall requirement by 

more than one-half. The duration program is the sixth one in Appendix 

A. 

Areal Distribution 

Each of the four preceding programs are based on the estimated 

station flows. One of the assumptions made in calculating the stat ion 
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flows is that a storm would produce the same runoff anywhere in the 

ba$in. In the last program in Appendix A, adjustments are made for 

the different runoff characteristics of the three station areas. In this 

program, the actual stream flow is used in conjunction with the calcu

lated area flows. Whereas all of the other programs can be applied to 

a basin with any number of weather stations, this program was written 

to handle only a three-station basin. A correction factor, AD, was 

calculated for each station. The totals of all the predicted flows for the 

testing period were summed for each station. The total actual stream 

flows for all the storms in the testing period were summed. The sum 

of all the predicted flows should equal the sum of the actual stream 

flows. The difference between the predicted total and the actual total 

can be reduced by the statiop correction factors. Thus, 

TSF = AD(l) x Flow(l) + AD(2) x Flow(2) + AD(3) x Flow (3) 

where 

TSF = Total Stream Flow 

AD= Areal Distribution correction factor 

FloyV = Pretj icted area runoff. 

Subscripts 1, 2, and 3, respectively, represent the Stillwater, 

Maramec, and Cushing Thiessen areas. AD(2) and AD(3) were assumed 

to be equal to one, and a temporary value of AD(l) was calculated. 

Temporary values of AD(2) and AD(3) were calculated in a $imilar 

manner. Then AD( 1) was foµnd from the following equation: 

AD(l) = 1 - (1 - (AD(l)) x (AD(l)/TAD). 

TAD is the sum of AD(l), AD(2t and AD(3). AD(2) and AD(3) are found 

in the same manner. The calculated values of AD are shown in Appen

dix A. 
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Surnmary 

Theoretically, the rainfall-runoff curve should follow the straight 

line relationship: 

Runoff ::.: B x Rainfall+ C (4.3) 

The C term, in conjunction with B, defines the initial rainfall require

ment, I. R. This is the quantity of rain required to fill the local depres

sions, satisfy interception demands, and saturate the upper layer of 

soil. The I. R. area of Figure 2. 2 corresponds to phase two of the run

off cycle. A 11 the parameters controlling the second phase of the run

off cycle can be accounted for if good values of B and C are found. 

With rainfall in excess of the I. R., the runoff is dependent on B alone. 

The slope of the line represents the percent of the rainfall which 

reaches the stream quickly as overland flow. The remaining fraction 

inflitrates into the ground, is evaporated, or becomes interflow, to 

reach the stream later. As the intensity of the storm increases, the 

runoff fraction in turn increases. 

The values of B and C are considered to be largely dependent 

upon the time of year, and a function of the antecedent temperature, 

represented as ATI. Table II and Figure 4. 1 show the ATI for two 

years, 1956 and 1957. If temperature is a factor in the runoff cycle, 

largely because of its effect on evaporation rates and variations in the 

vegetal cover of an area from the norm for the season, then the com

puted values of B and C should produce values of the I. R. which show 

this. Table VI shows values of I. R. calculated for three ranges of the 

antecedent temperature index using the third computer program. A 11 

factors other than rainfall amount and antecedent temperature are 
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considered constant in this program. A scarcity of data for the other 

ranges resulted in their exclusion from the table. 

TABLE VI 

INITIAL RAINFALL (ATI) 

Antecedent Tempera
ture Index (ATI) 

40 - 45 

45 - 50 

50 - 55 

Initial Rainfall 
(I. R. ) 

. 23 

. 20 

. 66 

The sea13onal variations again represent cover. temperature. and 

evaporation rates. Other climatic factors. such as the rainfall distri-

bution during the year, are incorporated in the seasonal variations 

more than in the antecedent temperature. An area's type of vegetation 

remains predominately a function of the season, although the .ATI will 

determine its condition. This is especially true of an agricultural re-

gion. The ATI should be. a more reliable substitute for evaporation 

rates and soil moisture because of the mutual effect of cloudy and rainy 

days on the three parameters. Initial rainfall, calculated with the 

fourth program and holding everything constant except rainfall amount 

and time of year, is shown in Table VII for three five-week periods. 



TABLE VII 

INITIAL RAINFALL (SEASON) 

Days 

Mar 5 - Apr 8 

Apr 9 - May 13 

May 14 - Jun 18 

Initial Rainfall 

0.20 

0.32 

0.54 
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A s~arcity of runoff producing storms in the summer and fall 

again make results for the rest of the year quantitatively meaningless. 

Qualitatively, it can be said that only the very heavy storms will pro

duce runoff during the summer and fall unless the ATI is much lower 

than normal; in other words, the yearly rainfall is higher than the 

average. 

Antecedent precipitation was not considered to be a factor in the 

determination of the slope of the curve, B, or in the fraction of effec

tive rainfall which becomes runoff. Instead, it is used to correct the 

values of C, and with a constant slope, to indirectly determine the ad

justed initial rainfall requirement. The theoretical difference equation 

was calculated using the fifth program (Appendix A) and the previously 

calculated relationships based on antecedent temperature and season 

were found to be 

DIFF = -0.0952 x ANPR + 0.0403 

where ANPR is the Antecedent Precipitation. This is the value added 

to the theoretical runoff equation to calculate the expected runoff. The 

horizontal intercept, when DIFF is zero, occurs at an antecedent 
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precipitation value of 0.425. Values above this reduce the I. R. while 

lower values produce higher values of the initial rainfall. During the 

summer, B is generally very small. As a result, the absolute value of 

C is smaller than in the spring. During the wet years, the antecedent 

precipitation will at times be high enough t<:;> cause a corrected value of 

C to become positive. C must be restricted to negative values, If the 

B and C values are accurate, this would imply that the antecedent pre

cipitation will have little effect above a certain level, which varies with 

the season. The value of DIFF is limited to values which do not de

crease the initial rainfall by more than one-half in the programs. The 

B and C values for the summer are probably not as reliable as for the 

spring, because of the rarity of events. 

The drought year, 1956, produced no large storm when the antece

dent precipitation value was 0.600 or higher. Only three storms during 

the 300 days of the investigated year produced measurable runoff. Of 

these, the largest was the storm of May 31, whose total runoff was less 

than seven percent of the total rainfall. Using the ATI theoretical run

off curve and adjusting it with the theoretical difference equation, a 

value of 0.60 inches is found to be needed to meet the initial rainfall re

quirement. This implies that the·percent of the effective rainfall which 

ran off is about ten percent. This is higher than expected for late May, 

but the short duration of that storm may be the reason. 

The effect of duration is largely on the slope of part of the theore

tical runoff curve representing the effective rainfall. Initial ranfall re

quirements remain basically the same. The amount of infiltration will 

vary with the time required to fill local depressions, but infiltration is 

a small quantity during this phase compared to the amount needed to fill 
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the depressions and saturate the top layers of soil. For slow rains of 

long duration, after the initial rainfall requirements are met, runoff 

may be very small if the infiltration rate of the area approaches the 

rainfall intensity. 

However, for areal distribution, the first, or initial, rainfall 

stage of a storm may be more important, although the slope of the 

effective rainfall portion of the curve may be affected. The physical 

features will greatly determine the local storage, although this may 

also be dependent on season, and is in agricultural areas. Areal dis

tribution is important if infiltration rates vary in the basin. This can 

happen if the amount of relief varies in the different station areas and 

the permeability and type of vegetal cover are dissimilar. The correc

tion factors for the three areas are shown in Table VIII. These values 

show that even in the smaller basins with relatively uniform geophysical 

characteristics, runoff will vary according to areal distribution. 

TABLE VIII 

AREA DISTRIBUTION CORRECTION FACTORS 

Station 

Stillwater 

Maramec 

Cushing 

Correction 

0.93 

0.96 

0.91 
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Only three durations were considered: less than one day, between 

one and two days, a;nd longer than two days. The results are shown in 

Table IX. Fractional values wer(;) calcuiated for the three durations, 

and these were used to adjust the slope of the effective rainfall section 

of the theoretical runoff curve. Theoretical'Ly, the slope should be in

creased for short duration storms and decreased for ·storms of longer 

duration. .A higher value for the longest duration than for the second 

longest duration may be caused by the infiltration rates approaching 

the soil transmission rates. 

TABLE IX 

DUR.A TION COR!lECTION FA CT ORS 

Duration (Days) 

less than one 

one to two 

greater than two 

Fraction 

1. 21 

0.5~ 

0.78 



CHAPTER V 

CONCLUSIONS AND REMARKS 

There are many methods of runoff predict ion in use today. Most 

are empirical in nature and attempt to describe runoff by use of con

stants which must be estimated. Usually, these formulas are indepen

dent of the climatic condit lons- -antecedent temperature, antecedent 

precipitation, and season. As can be seen from this study, these three 

factors have a very great effect on the amount of runoff from any rain

fall. An attempt to estimate runoff from rainfaH without considering 

antecedent precipitation and either or both season and antecedent tem

perature will net very questionaple results. Of course, this study was 

made for an area where these parameters radically alter the climatic 

and physical characteristics of the basin. Other areas may not have so 

extreme a range in temperature, and may have relatively uniform rain

fall during all seasons. The effects of these three parameters may 

then not be as critical. 

The quantity of flow may not be as important as the rate or stage 

of stream flow in some cases. However, if a unit hydrograph of a 

drainage basin is known, the stream flow can be found at any time. The 

unit hydrograph is a measure of stream flow versus time, such that the 

quantity of flow represented as the area under the curve is equal to one 

inch of runoff. For flows other than one inch, every point on the unit 

hydrograph is multiplied by the actual flow in inches. The unit hydro-

4!1 
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graph can be obtained by actual time measurements of stream flow after 

a storm. or if the runoff data is unavailable, an adequate hydrograph 

may be obtained from one of the equations which defines the unit hydro

graph in terms of the basin's physical features and the duration of the 

storm. 

Runoff predict ion has two major purposes. The flow rate, which 

can be converted into the stage of the stream, is used i:q flood warnings. 

The time factor involved would make f109d warnings on a basin the size 

of Council Creek impractical. However, larger basins are comprised 

of subbasins. The runoff may be predicted more accurately in these 

small basins. Then these smaller flows, and their resultant hydro

graphs, may be routed down the larger stream to predict flood stages 

and to control the storage in reservoirs. Reservoir storage is related 

to flood control in many cases, but is also important in regulating down

stream channel flows and withdrawal rates. 

The programs discussed in thi1:1 study developed relationships be

tween the rainfall-runoff curve and various measurable climatic fac

tors. To do this, it was necess'ary to have extensive records of the 

basin. But runoff data is not available for most basins of this size--30 

square miles. If it is desirable to be able to predict runoff for this 

type of basin, then the relationships calculated from histroical data 

must be obtainable by some other method. It may be possible to de

velop the theoretical difference equation for antecedent precipitation by 

knowledge of soil types, and it could be practical to apply relatio;nships 

obtained for one basin to a similar basin. It may also be possible to 

apply the results of this study to other streams in the region, such as 
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Stillwater Creek. The feasibility of this type of study should certainly 

be investigated. 

The basic relationship between rainfall and runoff is a function of 

both the season and antecedent temperature. Antecedent precipitation 

a'lters the basic;: rainfall-runoff relationship by chanitng the initial rain

fall requirement. The maximum alteration of the initial rainfall due to 

antecedent precipitation is dependent on the season and antecedent pre

cipitation. The effect of storm duration is most felt during the effective 

rainfall stage of the storm. A real distribution's effect on runoff is de

pendent on both the physici:il characteristics of the drainage basin and 

the antecedent weather conditions of various parts of the basin. 

This research was performed to show that basic relationships can 

be found between the routinely measured weather conditions and the 

runoff cycle. The dependence of the runoff cycle on each parameter is 

too complex to have been completely evaluated in this report. But a 

relationship has been shown using the season, antecedent temperature 

and precipitation, storm duration, and areal distribution. It is hoped 

that an increasing knowledge of the runoff cycle will accelerate the re

search of each factor involved, and continue the attempt to blend the 

knowledge of each of the factors into a qualitative description of the 

runoff eye le. 
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RUNOFF PARAMETERS 
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In Appendix A is a listing of seven programs. Each program is 

preceded by a brief description of any peculiarities of that program. 

Following each program is a sample of the output. The same data deck 

was used for the last five programs except that for the last four pro

grams the runoff parameters calculated by the preceding programs are 

included. Because of the method of calculation used in one program, 

runoff from storms producing no runoff was input as 0. 001 inch. Since 

ra infaU was only recorded to the nearest 0. 01 inch, any resulting error 

is insignificant. 

Program One 

Separation of Storms 

The first program is used to divide daily stream flow and rainfall 

records for one year into total rainfall and duration for individual 

storms. The antecedent precipitation for each storm is also calculated 

for a period of thirty days prior to the start of each storm. Runoff for 

any one storm is assumed to be the total stream flow following the 

storm until the stream flow reaches the level of the calculated baseflow, 

or for a period of not more tpan eight days, minus the calculated base

flow for the pe;?riod of runoff. If a second storm occurs before the end 

of the eight days, then the first storm's runoff is assumed to last until 

the increase in runoff. 

When the stream flow for two consecutive days differs by less 

than a quantity (XM), which is read in as data, the l;Jaseflow of those 

days is the average of the flows. On days when the baseflow cannot be 

calculated in this manner, the baseflow is assumed to vary linearly be

tween two days for which the baaeflow is calculated. 



SJOR *****************,Tl~E=30 JOE FEHRlNG 
n1 MENS ION PREC ( 5,366) ,RC( 366 ),CON( 5) ,Br ( 3661 ,L( 5 I ,LOUR ( 51, 

A OUR( 51,FLO'W( 5 J ,FL IN( 5) ,ANPR( 5 I, RA IN(5) ,FRAC( 5), STA(5) 
READ(5,10) JYEAR,LSTA,LREC,RSF,XM,XN,A 

10 FCRMAT(5X,3I5,3F5.2,Fl0.2) 
WRITE(6,201 JYEAR 

20 FORMAT(lHl,///23X7HYEAR = ,Pi//) 
Pl<INT 80 

SO FORMAT(26X43HFLOW - DURATION - ANTECEDENT PRECIPITATION 
LPLUS=lSTA+l 

READt5,30) (STA( U,l=l,LPLUSJ 
30 FORMAT (9F8.3) 

DO 15 I=l,LPLUS 
CON(ll=,5*A*STA(ll*640,/12, 

WQ.ITE(6,601 I,CDN( I I 
15 cnNTit>JL'!: 
60 FGRMAT(//22Xl6H STA CON ,/5(26X,15,Fl0.3ll 

WRITE (6 ,40 ! 
40 FORMAT ( //23X3HOAY, 4X3HS TA ,4X3HDUR, 6X4HRA I N,6X4HF LOW ,6X4HANPR/ I 

PRECIPlTATION CONVERSION 
READ(5,100J t(PREC<I,KI, 1=1,LSTAI, K=l,LR.EC) 

100 FORMAT(5X,9F8,2 l 
READ(5,300l (RO{ll, l=l,LRECI 

300 FORMAT{Bfl0,2) 
130 OD 140 1=1,LREC 

PREC{LPLUS, I l=O,O 
DO 140 K=l,LSTA 
PREC (LPL US, I l =PR EC {LPLUS, 11 +STA {KI *PREC { K, I l 

140 CONTINUE 
310 BF( 30l=BSF 

M=30 
DO 380 Lf=30,LREC 
lf{ABS{RO{LFI-ROILF-lll ,LE,XMI GO TO 340 
GO TO 360 

340 BF(Lfl={RO(LFl+RO{LF-11112. 
IF(~.LT.LF-11 GO TO 350 
M=Lf 
GO TO 380 

350 DO 360 K=M,LF 
Bf{Kl={RO{LF l+RO{Mll/2. 

360 CONTINUE 
M=Lf 

380 CONTINUE 
LOCATE START OF INCREASED FLOW 

!OAY=32 
410 IF{IOAY,GE,LREC-81 GO TO 2110 

LSTAGE=O 
IF{RO{IDAYl,GE.RO(IOAY-ll+XMJ GO TO 510 
IF{PREC{LPLUS,IOAY-ll,GT,XN*Z,l GO TO 910 
IOAY=!OAY+l 
GO TO 410 

AREAL OISTRl8UTION Ill 
510 LOAY=IDAY-2 

IO= !DAY 
N=IDAY+l 

570 00 550 JK=l,LPLUS 
L (JKl=-l 
Q(l 510 KJ=l, 4 
IF(P~EC(JK,LDAY+KJ).GT.XN) GO TO 532 
LIJKl=L<JKl+l 

5,0 CONTINUE 
5S2 LOUR(JKl=l 

LB=LOAY+KJ 
DO 540 KJ=l,5 
IFIPRECIJK,LB+KJl,LE,XNI GO TO 550 

"LDURIJKl=LOUR(JKl+l 
040 CONT I NUE 
550 CONTINUE 
560 DO 580 !J=l,LPLUS 

ANPRIIJl=O.O 
no sea 11=1,30 
LO= !0-! l+l( I JI 
ANPR { IJ l =ANPR{lJ I+ 11./1 ! l •PRECI IJ ,LOI 

580 CtiNTINUE 
CALCULATION Of TOTAL FLOW {FLOW{LPLUSll 

DO 630 I=l,LPLUS 
KA=IO+LI 11 
KB=K'.+LDUR{ 11 
RAIN{Il=PREC{I,KA) 

630 CONTINUE 
DO 650 I=l,LPLUS 
DO 640 JA=KA,KB 
RAIN{! l=RAINI I l+PRECI 1,JA+l l 
IFIROIJA+2J.GT,RO(JA+ll,AND,ROIJA+ll,LT,RO{JAll GO TO 650 

640 CONT I NUE 
650 CONTINUE 

·ll=N+B 
FLOWILPLUS)=RO{IDI 
DO 720 l=N,LL 
IF{ROl!l,GT.ROll-ll,AND,ROll-ll,LT,RO{l-211 GO TO 740 
!FIRD(ll,LE,BFI Ill GO TO 730 
FLOW{ LPLUS I =FLOW I LPL US l +RO{ I l 

720 CONTINUE 
730 DURILPLUSl=l-1-10 

FLOWILPLUSl=FLOWILPLUSI-BfllDAYl*OUR{LPLUSl 
LLL=-0 
GO TO 750 

740 LLL=l 
750 DO 760 K=l,LSTA 

IF(RA!NILPLUSl,LE,O.l GO TO 830 
FRAC(Kl=IRAINIK)/RAINILPLUSll*LSTA 

760 CONTINUE 
TOTAL=O.O 
DO 770 K=l,LSTA 
TDTAL=TOTAL+FRAC(K)*STA(Kl*A 

770 CONTINUE 
FLIN{LPLUSl=FLOW{LPLUSI/CON(LPLUSI 
OD 780 K=l,LSTA 
FLOW{Kl=FRAC(Kl*STA(Kl*A*FLOWILPLUSI/TOTAL 
FL!N(K)=FLOW(Kl/CON(Kl 

780 CONTINUE 
PRINT RESULTS 

LSTAGE=LSTAGE+l 
WR·ITE(6 1 2001 10,LSTAGE,LOUR(LPLUSJ ,RAIN(LPLUS),FLINlLPLUSJ, 

A ANPRILPLUSl 
on 820 K=l,LSTA 

W?T Tf (6 ,400 J K, LIJUP (KI ,RAJ N( K), FltN(K), ANDR(K I 
rl20 cra,.IT 1 NUE 
200 Ff'IRMATl/19X,3I7,3Fl0.11 
400 F0R~AT(26X,2I7,3Fl0.3) 

(Jl ,..... 
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A30 

QlO 

!DAY= I 
IFIIDAY.GE,LREC-81 GO TO 2110 
IFILLL.fQ.01 GO TO 410 
LOAY=IDAY· 
N=IDAY+l 
FLOWILPLUSl=ROII-11 
IO=N-1 
GO TO 520 

OPOUGHT (ONO! T IONS 
!O=IDAY-1 
LD= ID 
DO gzo I=l,4 
IFIPOl!D+ll.GE.ROI !Dl+XMI GO TO 930 
l O= ID+! 

qzo CONTINUE 
g10 DO g50 K.=l, LPL US 

LDUR(Kl=O 
RAINIKl=PRECIK,LDI 
00 940·l=LD,IO 
IFIPRECIK,11.LE.XNI GO TO 950 
LOUR(Kl=LOURIKl+l 

940 CONTINUE 
950 CONTINUE 

DO 960 K=l,LPLUS 
g6Q CONTINUE 

DO qso IJ=l,LPLUS 
ANPR(IJl=O.O 
DO 980 11=1,30 
LD=IDAY-11-1 
ANPR I I JI =ANPR I lJ I+ (1. fl [ ).*PRECI IJ ,LOI 

9SO CONTINUE 
WR[ TE I b ,600 I IOAY, LOUR( L PLUS 1, RAIN I LPLUS 1, ANPR IL PL US I 

600 FORMAT l/23X 13, l OX, 14, FlO .3, l OX, F 10. 31 
DO 1020 K=l,LSTA 

WRJTE=(6,A()Q} K,LDllP{Kl,RAJN(K1,ANPRIK1 
800 F-UR.MA.Tl26X,l.I7,Fl0.3,lOX,Fl0.3) 

1020 CONTINUE 
I DAY= 10+2 
GO TO 410 

2110 PRINT 1000 
1000 FORMATI IHI I 

STOP 
END 

Sf NT RY 

YEAR 1956 

FLOW - OURATION - ANTECEDENT PRECIPITATION 

STA CON 
177.173 

STA CON 
418.773 

STA CON 
209.387 

STA CON 
4 805.333 

OAY STA OUR 

52 1 
1 I 
2 1 
3 I 

!Ob 2 

117 1 

122 1 1 

151 1 

158 1 1 

259 ? 

RA IN 

0.652 
0.540 
0.750 
o. 550 

1.240 
1.440 
1.000 
1. 550 

0.,14 
O.b 10 
o. 750 
o.140 

1. 777 
0.610 
2.660 
1.000 

o. 813 
0 .400 
o. 940 
0.910 

o. 760 
o. goo 
tJ. 7go 
'.}. rl ~() 

o. 6 32 
a. g&o 

FL ml 

o.1t 1 
J.038 
o. 166 
0 .062 

0.01<; 
0.018 
0,01' 
O.Ul 1 

ANPR 

0.001 
0.000 
0,007 
0.001 

0.046 
0.035 
O.O?l 
0 • 04 7 

0.4g8 
0.563 
0.452 
0. 533 

0.490 
0.419 
0.524 
0.481 

o. 282 
0.254 
0.300 
0.211 

o. 16I 
0.120 
0. l ':>3 
0 •.? 14 

0.010 
G.00? 

CJ] 

[:SJ 
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After storm runoff is calculated for the basin, the flow is divided 

into station or area flows. The basin rainfall is calculated by the 

Thiessen method. A quantity, called FRAC, is calculated for each area 

to be equal to the rainfall for that area times the total number of areas, 

divided by the basin rainfall. A second value, TOT.AL, is calculated as 

the sum of each value of FRA C times the total area each value repre

sents. Each area flow is then assumed to be equal to the value of FRAC 

times the area that station represents, divided by the quantity, TOTAL. 

A definition of terms used in the first program follows. 

Definitions 

A Area of basin in square miles 

ANPR - Antecedent ];>recipitation 

BF 

BSF 

CON 

FRAC 

!DAY 

IYE;J\R 

KA 

KB 

LDUR 

LPL US 

LREC 

LSTA 

PREC 

Base Flow of stream 

Assumed base flow for the beginning of the year 

Conversion from seconds-feet-days to inches of 

rainfall 

Conversion from stream flow to area flow 

Day storm begins 

Year of record 

First day of runoff 

Last day of runoff 

Duration of storm 

As a subscript, it represents basin values 

D~ys of record 

Number of weather stations 

Daily precipitation at each station 



RAIN 

RO 

XM 

XN 

Total rainfall for one. storm 

Daily stream flow 

Minimum change in stream flow considered by 

the program 

Minimum daily rainfall considered (0.3 in.). 

Program Two 

Antecedent Temperature Index 
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The second program is used to calculate the ATI. Any number of 

years of record may be read into the program. The ATI is calculated 

and printed for each year before the second year's records are entered. 

The mean daily temperature for the days of record comprise the data. 

The first week's average temperature is calculated. The ATI for the 

first two weeks are assumed to be equal to this value. The ATI's for 

the next three weeks are calculated using the ATI definition, 

ATI = .9ATI(Prev. ~eek) + .1 Avg. Temp. (Prev. week). 

The AT! for the first week is then adjusted by subtracting one fourth of 

the difference between the ·first and fifth weeks' ATI. This value is the 

result of assuming a linear variation in the ATI over this period. The 

ATI for the rest of the year is calculated based on this adjusted value. 

Definitions of the terms used in the program follow. Terms not 

defined are the same as in the first program. 

Definitions 

A TEMP - Average weekly temperature 

ATI - Antecedent Temperature Index 



SJO~ 
c 

*****************,TIMF=30 
ANTECEDE~T TEfil'PERATURE 
ATI=. 9AT I ( PREV .WEEK)+. l 

DIMENSION Tf•Pl366l ,ATH521 
READ(5,1001 NN 

JOE FEHR ING 
INOEX IATJI 

c 

100 
300 

110 

AVG. TEMP (PREV.WEEKI 

DO 910 1=1,NN 
FOR•ATl5X,2151 
FORMAT(5X,15F5.0I 
READ(5,1001 JYEAR,LREC 
RfAD(5,300) (TEMPtll, L=l,LREC) 

ATEMP=Q.O 
AVERAGE TEMPERATURE FOR FIRST WEEK 

DO 110 J=l,7 
ATEMP=ATEMP+TEMP(J) 

CONTINUE 
FTf'-tP=AT(MP/7. 

C ESTABLISH FIRST WEEKS AT! 
A Tl I 11 =FTEMP 
AT! 121=FTEMP 
ATEMP=O.O 
DO 140 K=3,5 
DO 130 J=l,7 
ATEMP=ATEMP+TEMP((K-2)*7+Jl 

llO CONT I NUE 
ATEMP=ATEMP/7 

ATl(Kl=.9*ATIIK-ll+.l*ATEMP 
140 CONTINUE 

A Tl 111 =AT 111 I - • 2 5* I A Tl 15 I-A Tl 111 I 
C All FOR REST OF YEAR 

AT! (2 l=.9*AT I( 11 +. l*FTEMP 
NRWK=LREC/7 
00 240 K=3 ,NRWK 
ATE~P=O.O 
DO 230 J=l, 1 
ATfMD=aTEUP+Tf~P((~-21•7+Jl 

230 CONTINUE 
ATIIKl=.9*ATIIK-ll+.l*ATEMP/7 

240 CONT I NUE 
N=NRWKIZ 

310 WRITEl6,2001 JYEAR 
DO 320 K=l,N 
M=(K-11*7+1 
KN=K+N 
MN=M+7*N 

WRITE (6 ,400) M, K,AT I ( K) •HN,KN, ATI CKN) 
320 CONTINUE 

PRINT 600 
200 FORMAT(lHl/////20X7HYEAR = ,14//20X3HDAY,5X,4HWEEK,6X, 

A 3HATT,10X,3HOAY,5X,4HWEEK,6X,3HATI/I 
400 FORMATClOX,21lOX,13,6X,12,5X,F5.l)) 
600 FORMAT (lHll 
910 CONTINUE 

$ENTRY 

STOP 
END 

YEAR 

DAY 

1 
8 

15 
22 
29 
36 
43 
50 
57 
64 
71 
78 
85 
92 
99 

106 
113 
120 
127 
134 
141 
148 
155 

1956 

WEEK All 

I 26. 7 
2 26.9 
3 28.4 
4 29. 7 
5 32. 3 
6 34.8 
7 36. 4 
8 37 .2 
9 38.9 

10 41. 5 
11 43.0 
12 44. 7 
13 45.6 
14 47 .6 
15 4q.6 
16 52. 7 
17 54.9 
1·8 56. 5 
19 58.1 
20 59.8 
21 61.6 
22 63.6 
23 65,6 

DAY WEcK 

162 24 
169 25 
176 26 
183 27 
190 28 
197 29 
204 30 
211 31 
218 32 
225 33 
232 34 
239 35 
246 36 
253 37 
260 38 
267 39 
274 40 
281 41 
288 42 
295 43 
302 44 
309 45 
316 46 

AT! 

67.3 
69.3 
70.6 
12.1 
73. 7 
75.5 
76. 7 
77 .2 
78.0 
77.9 
78. 7 
78.9 
78.5 
78.1 
77.6 
76.3 
75.0 
73.0 
70. 7 
69.0 
66.5 
64.5 
62,l 

C,Jl 
C,Jl 



FTEMP 

NN 

NRWK 

TEMP 

A ssµJl).ed ATI for the first two weeks 

Number of years of record entered 

Number of weeks 0f record 

Daily mean temperature. 

Program Three 

Antecedent Temperature Index Constants 
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For this program and for all of the following programs, the same 

basic data deck tE~ used, On each card is r~nched the year, day, sta

tion n\lmber, stc\.tion flow? rainfall for the $ta.Hon, duration, antecedent 

precipitat ~on, and antecedent temperature index (A Tl). The day, sta-

tion number, rainfall, and the ATI are read into this program to develop 

t:r.e theoretical runoff equations for the eight ranges of ATI. Storms for 

several years of record are !;!eparated according to the ATI at the begin

ning of the storm. Assuming a linear relationship between runoff and 

rainfall, the theoretical rl,lnoff equation is 

Runoff = B x Rainfall+ C. 

B and C cap be calculated by the le;:tst squares method using the follow

ing equations: 

and 

B = A~(Raipfall x R~noff)-, ~Rai~~all x ERunoff 

AE Rainfall - (E;Rainfall) 

C ::= E Rainfa112 x E Runoff - ERainfall x E (Rainfall x Runoff) 

. AE Rainfall 2 - (E Rainfall? 

This program calculates B and C using the above eguations for eight 

ranges of ATt and prints these values as well as a table to show the re-

sults of using this method. A definition of terms follows. 



$.108 *****************,TIME=30 JOE FEHRING 
ANTECEDE~T TEMPERATURE INDEX CONSTANTS c 

c 

c 

100 

300 

500 

130 
140 

DIME NS ION ID( B, 50) ,RA tNtB,50) ,FLINl8,50J ,NI I BJ, ADJT 18 ,50) ,J(B), 
B SUMB(81,SUMC(81,SUMBC(81,SUMBB(81, 
A LS( 9,501, THE OR 19, 501 ,All (9 ,50 I ,A( 8), 8( 8) ,Cl 8 J 

REA0(5,1001 N,lNllll,l=l,NI 
FORHATl5X,15151 

READl5,3001 LSTA,AA,88,CC 
FORMAT (5X, 15, 7F 10. 31 

INPUT 
00 140 l=l ,N 
J l 11=0 
DO 130 K=l ,50 

READ ( 5.,5001 IO{ I ,Kl ,LS( I ,KI ,RAIN I I, KI ,FL IN( I, K 1 1 All I I ,Kl 
FORMAT(lOX,215,5X,2Fl0.3,lOX,Fl0.3) 

!Fl!Oll,KI.EQ.01 GO TO 140 
J( ll•J(l l+l 

CONTINUE 
CONTINUE 

CALCULATION OF CONSTANTS 
DO 320 [:1:l.,8 
SUMB( 11=0, 
SUMC( 11=0. 
SUMBC! 11=0. 
SUMBB( 11=0. 
A( 11•0. 
Blll=O, 
Cl 11•0, 

320 CONTINUE 
DO 490 1=1,N 
Jl•Jlll 
DO 490 Ksl,JA 
IF(ATlll,Kl,GE,40,1 GO TO 420 
Al ll=A(l l+l, 
SUMS( l l =SUM.Bl l l +RAIN( I, Kl 
SUMC( l l=SUMC ( 11 •FL !NI 1,KI 
SUMBC(ll•SUMBClll•RAIN(l,Kl*FLIN(l,KI 
SUMBB( ll=SUHBB! l l+RAIN( 1,Kl*RAIN( l,KI 
GO TO 490 

420 IF(ATl!l,Kl,GE.45,1 GO TO 430 
Al21=Al21H, 
SUMB(21=SUMB!21+RAINll,KI 
SUMC!21=SUMC(21+FLIN!l,KI 
SUMBCl21=SUMBC(2l+RAINll,Kl*FLINll,KI 
SUMBB!21=SUMBBl21•RAIN!l,Kl*RAINll,KI 
GO TO 490 

430 IF(ATl!l,Kl,GE,50,1 GO TO 440 
Al 3 l=Al3 I +l, 
SUHB(31=SUHB!31+RAINll,KI 
SUHC!3l=SUMCl31+FLIN11,KI 
SUMBC l 31 =SUM BC 13 l+RAIN( I, KI *FLIN( 1, KI 
SUH8Bl3l=SUMBBl3l+RAIN(l,Kl*RAlNll,KI 
GO TO 490 

440 !FlATlll,KI.GE.55,1 GO TO 450 
A(4l=Al4t+l. 
SUMRl41=SUM.Bl4)+RAINll,K) 
su~.C(4)=SUMC (41 +Fl IN( I, K J 
SUt,!BC 14} =SUMBCC 41 +RAINl I, K)*FL IN( 1,K, 
SUMP.Bl 41 =SUMBB(4) +-RA 1 N( I, K) 4<RAIN( t ,K, 
GO TO 490 

450 IF(ATl!l,Kl,GE.60,1 GO TO 460 
A(51=A(51+1, 
SUMBC51=SUMB(5l+RAINI 1,KI 
SUMCl51=SUMCl51•FLINll,KI 
SUMBCI 5 l=SUMBCl 5 l+RA IN( 1,K I *FLIN( 1,K I 
SUHBBl 51 =SUHBB! 51 •RA IN! I, KI *RAIN( 1,K I 
GO TO 490 

460 IF!ATl!l,KI.GE,651 GO TO 470 
Al 61 =Al 6 I +l. 
SUMS( 61 =SUMB ( 6l+RAIN l 1, KI 
SUMC l 61 =SUHC l 61 +FLIN! 1, Kl 
SUM BC l 61 =SUMBC! 61 •RAIN( I, KI •FL! NI 1,K I 
SUM BB( 6 I =SUM BB( 6) +-RA IN( 1, K J *RAI Nl I ,KI 
GO TO 490 

470 If(ATl(l,Kl.GE.70.1 G(l TO 480 
Al7t=A(71+-l. 
SUMB(71=SUMB(71•RA!Nl1,KI 
SUHC!71=SUMC!71+FLIN!l,KI 
SUM BC l 71 =SUHBC(7 I+ RA IN 11, Kl *FL! NI 1,K I 
SUM BB l 71 =SUH BB! 7 I +RAIN( 1, KI *RAIN l 1,K l 
GO TO 490 

480 A(Bl=AlBl•l, 
SUMB(Bl=SUMBIBl•RAIN(l,KI 
SUMC!81=SUMC!81+FLIN(l,Kl 
SUM BC ( 81 =SUM SC( 8 )+RA IN( I, K) *FL I NI I ,K J 
SU"4BB l 8) :::=SUM88( 8 )+-RAIN (I, K )*RAIN( I ,KI 

4go CONT I NUE 
DO 530 IJ=l,8 
lf(A(IJl,LE,0,1 GO TO 520 
OENOH•Al I JI *SUMS Bl IJ 1-SUMB l l JI •SUHB! I JI 
B ( I JI= ( Al I JI *SUMBC I IJ 1-SUMB! IJ I *SUHCl !JI I /DENOM 
Cl!Jl=!SUHBB(IJl*SUMC(IJI-SUMBIIJl*SUHRC!IJII/OENOH 
IF!B!IJI.GT,0,1 GO fO 530 

520 Bl!Jl~0.2 
Cl !JI =-.!l5 

530 CONTINUE 
DO 6g0 I=l,N 
JA=J l 11 
DO 690 K==l,JA 
ADJT( 1,Kl=AA4<RAINC I,Kl**Z+BB*RAIN( l,K)+CC 
[F(AOJTll,Kl,GT,0.1 GO TO 610 
ADJT( 1,Kl=O.O 

610 IF!AT!ll,Kl,GE,40,1 GO TO 620 
THEORI 1,K I =Bl 11 *RA IN( I, Kl •Cl 11 
GO TO 690 

620 IF(AT!ll,KI.GE,45.1 GO TO 630 
THE OR l I, KI =Bl 2 J *RA IN ( 1, KI +-C 12) 
GO TO 6gO 

630 IF(ATl!l,Kl,GE.50,I GO TO 640 
THEOR!l,Kl=Bl31*RAIN(I,Kl•Cl31 
GO TO 690 

640 !F(ATl!l,Kl,GE,55,1 GO TO 650 
THEORC I ,K) =Bl 41 *RA IN I I, K l+C (4 J 
GD TO 6qQ 

650 IFlATll!,KI.GE.60,I GO TO 660 
THEOR( I ,K)=IH 5l*RAINI l ,K l+-C(51 
GO HJ 6g0 

660 IFIATl(I,KI.GE.65.1 GO TO 610 
THE OR( I ,Kl=Bl 6) *RA IN( I, K )+-Cl 6J 
GO TO 690 

Ul 
-.J 



610 IFIATlll,KI.GE.70.1 GO TO 680 
THEORll,Kl=8171*RAINll,Kl+Cl71 
GO TO 690 

680 THEORll ,Kl =8 I 81*RA IN 11, KI +CI 8 I 
690 CONTINUE 

C PRINTOUT 
00 140 1=1,N 

WRITEl6,2001 NIIII 
200 FORMATl1Hl///20X1HYEAR = ,14//20X62HOAY STA RAIN 

AW THE OR ADJT ATI I 
JA=JI II 

DO 140 K=l,JA 
IFITHEDRll,KI.GT.O.I GO TO 710 
THEORll,Kl=O.O 

710 WRITE 16,4001 1011,K I ,LSI I ,K 1,RAI NC I ,Kl, FL INC 1,K 1,AOJTI I ,Kl, 
A THEOR(l,Kt,ATlll,K) 

400 FORMATl16X,217,4Fl0.3,Fl0.11 
740 CONTINUE . 

PRINT 600 
600 FORMATl1Hl//f/20XlHl,6X,lHB,lOX,1HC//I 

00 820 1,=1,8 
WRITE16,8001 1,8111,Clll 

800 FORMATl20X,11,2Fl0,41 
820 CONTINUE 

PRINT 1000 
1000 FORMATllHll 

STOP 
ENO 

~llTf\.Y. 

1 0.0269 
FLO 2 0,2133 

3 o.0·110 
4 o.2s11 
5 0.2284 
6 0.1940 
1 0.2000 
8 o. 0818 

c 

-0.0009 
-0.0486 
-0.0062 
-0.1903 
-0.0342 
-0.0460 
-0.1350 
-0.0624 

CJl 
co 



Definitions 

A 

4\DJT 

B 

Number of storms during each ATI range 

Predi9ted runoff using Equation (2. 1) 

Slope of runoff curve calculated using the ATI 

59 

aB .,... Assumed slope of runoff curve 

C y-intercept of runoff curve calculated using the ATI 

cc 

J 

N 

NI 

SUMl3 

SUMBB 

Sl,JMBC 

SUMC 

THEOR 

Assumed y- intercept of runoff curve 

Number of storms during any year 

Number of years of record 

Year of record 

Sum of rainfalls during one range of A TI 

Sum of squares of rainfalls during one range of ATI 

Sum c;>f rainfalls times runoffs for one range of ATI 

Sum of runoffs for one range of ATI 

Predicted runoff using Equation ( 2, 1 )1 

Program Four 

Seasonal Variation 

This program is similar to the third program in procedure. The 

same data is read into the pri;:,gram except that the eight values of B 

and C calculated for the ATI ranges, referred to as BT and CT, are 

also entered. The year is divided into seven segments, each one 

approximately five weeks long. New values of B and C are calculated 

using the least squilres method and signified as BS and CS. These 

values are printed at the end of the program. Values of the predicted 

runoffs calculated using Equation ( 2. 1 ), the seasonal values based on 



SJOB *****************•TIME•30,PAGES•16 JOE FEHFt ING 
C SEASONAL ,VARIATION 

DIME NS ION 1018, 501,LSl8 ,501,RAINl8, 501, FLINl8 ,50 I, AT! I 8, 501, 
A BSl71,CSl71,BTl81,CTl81,THEOR18,50l,ADJSl8,501,ADJTl8,501,Ml71 
B , Jl81,Nll81,SUMRI 81 ,SUMFIBl ,SUMRFIBI, SUMRRl81 

READ15,IOOI N,INHll,l•l,NI 
100 FORMATl5X,l5151 

REA015,3001 LSTA,AA,BB,CC 
300 FORMAT15X,15,7Fl0,31 

READ15,7001 IBTlll,CTIIl,I•l,81 
700 f[jgMATllOX,2Fl0,41 

DO 140 I=l,N 
Jlll•O 
DO 130 K=l, 50 
READl5,50lll IOI I ,Kl ,LSI I ,Kl ,RAINI I ,Kl ,FLINI I, Kl, All 11,K I 
IFIIDll,Kl,EQ;OI GO TO 140 
JI ll•JI 11•1-
THEORII ,Kl•AA*R,l.lNI l,Kl**2•BB•RAINU ;Kl •CC 
.IFITHEORtl,Kl,GE,0,1 GO TD 130 
THEORII .Kl.=-0. 

110 CONTINUE 
140 CONTINUE 
500 FORMATllOX,215, 5X,2Fl0,3 ,lOX,F 10, 31 

DO 220 K•l,7 
SUMRIKl•O, 
SUMFCKl-•O, 
SUMRFIK).=O, 
SUMRRIKl•O, 
BSIKl•O, 
·csCKl•O, 
MIKl•O. 

220 CONTINUE 
00 390 l•l,N 
JA=JIII 
00 390 K=l.JA 
IFIIDll,Kl,GE,711 GO TO 320 
KK•l .. 
GO TO 380 

320 IFIIDll,Kl,GE,1061 GO TO 330 
KK=2 
GO TO 380 

330 IFIIDll,Kl,GE,1411 GO TD 340 
KK=3 
GD TO 380 

340 IFIIDII,Kl,GE,1761 GO .TO 350 
KK=4 
GO TO 380 

350 IFIIDll,Kl,GE,2111 GO TD 360 
KK•5 

. GO TO 380 
360 IFIIDII,Kl,GE,2461 GO TO 370 

KK•6 
GO TO 380 

370 KK=7 
380 CALL SEASONISUMRIKKl,SUMFIKKl,SUMRFIKKl,SUMRRIKKl,RAINll,KI, 

A fLINII,Kl,"lKKII 
':\90 CONTINUE 

00 6"t0 K=l• l 
IFIMIKl,EQ,01 GO TO 630 
DENOM=MIKl*SUMRRIKI-SUMRIKl*SUMRIKI 

BSIKl•IMIKl•SUMRFIKI-SUMRIKl*SUMF(KII/OENOM 
CSIKl•ISUMRRIKl•SUMFIKI-SUHRIKl*SUMRFIKII/OENOM 
GO TO 640 

630 BSIKl=0,2 
CSIKl•-0,135 

640 CONTINUE 
00 495 l=l,N 
JA=JI 11 
00 495 K=l ,JA 
IFIIDll,Kl,GE,711 GO TO 420 
KK=l 
GO TO 450 

420 IFIIDll,Kl,GE,1061 GO TO 425 
K1<=2 
GO TO 450 

425 IFIIDll,•l,GE,1411 GO TO 4!0 
KK•3 
GO TO 450 

430 IFIIDll,Kl,GE,1761 GO TO 435 
KK=4 . 
GO TO 450 

435 IFIIDII,Kl,GE,2111 GO TO 440 
KK=5 
GO TO 450 

440 IFIIDll,Kl,GE,2461 GO TO 445 
KK-=6 

445 
450 

455 

460 

465 

470 

475 

480 

GO TO 450 
KK=l 
IFIATIII,Kl,GE,40,1 GO TO 455 
KL=l 
GO TO 490 
IFIATill,Kl,GE,45,1 GO TO 460 
KL=2 
GO TO 490 
IFIATlll,Kl,GE,50,1 GO ·TO· !,65 
KL=3 
GO TO 490 
IF(ATlll,Kl,GE,55.1 GO TO 470 
KL=4 
GO TO 490 
IFIAT_lll,Kl,GE,60,1 GO TO 475 
KL=5 
GO TO 490 
IFIATIII,Kl,GE,65,1 GO TO 480 
KL=6 
GO TO 490 
IFIATlll,Kl,GE,70,1 GO TO 485 
KL=7 
GO TO 490 

4·85 KL=B 
490 ADJSII,Kl•AA*RAINll,Kl••Z+BSIKKl*RAINll,Kl+CSIKKI 

ADJ Tl I ,KI= I AA•RA IN I I, Kl ••z+BT I KLI *RAIN 11, KI +C Tl KLI +ADJS I I ,K 11/2 
495 CONTINUE 

00 740 1=1,N 
WRITEl&,2001 Nllll 

200 FORMATl1Hl////20X7HYEAR ,l4///20X,58HOAY STA RAIN FLG• 
THEOR AOJS ADJT AT! I 

JA=J l II 
DO 740 K=l,JA 
IFIADJSll,Kl,GE,0,1 GG TO 720 

en 
0 



ADJSll ,Kl=.O. 0 
720 IFIADJT{l;Kt.GE,0.1 GO TO 730 

ADJTI l11Kl•O.O 
730 WRITEl6,4001 IDll,Kl,LSll,Kl,RAINll,Kl,FLINll,Kl,THEORll,KI, 

A ADJSll,Kl,ADJTll,Kl,ATlll,Kl YEAR c 1956 
400 FORMAT117X,216,5F8,3,F7.11 
11o0 CONTINUE. 

PRINT 600 DAY STA 
WRITEl6,8001 11,BSlll,CSIII, l=l,71 52 1 

600 FORMATllHl////20XlHI ,10X,2HBS, 8X,2HCS/II 52 2 
800 FORMAT(20X, ll ,5X,2FlO,r,t 52 3 

STOP 105 l 
ENO 105 2 

SUBROUTINE SEASON( SUMR, SUMF ,SUMRF,SUMRR,RAIN,FL i N, MI 
105 3 
117 l 

SUMR=SUMR+RAIN 117 2 
.M~M+l 122 l SUMF=SUMF+FLIN 122 2 
SUMRF=SUMRF.+RAIN•FLIN 122 3 
SUMRR=SUMRR+RAIN•RAIN 151 l 

RETURN 151 2 
END 151 3 

158 l 
Wfl\Y 158 2 

158 3 
259 l 
259 3 
275 l 
275 2 
280 l 
280 3 
314 1 
314 2 

RAIN FL.OW THEOR 
0.652 0.001 0.212 
o. 750 0.001 0.2'13 
o.550 0.001 0.250 
l.980 0.015 0.590 
l.440 0.011 o.r,54 
2.560 0.020 o.745 
0,670 0.001 0,276 
o. 750 0.001 o. 2'13 
0,610 0.038 0.263 
2.660 0.166 0.773 
1.000 0,062 0.350 
0,400 0.001 0.211 
0.940 0.001 o.336 
0.910 0.001 0.329 
0.900 0.018 0.327 
0,7'10 0,015 0,302 
0,580 0,011 0,256 
0.960 0.001 0,341 
1.280 0,001 0,416 
0,850 0,001 0,316 
0,890 0.001 0,325 
1,740 0.001 0.528 
1,650 0,001 0.506 
0,520 0.001 0,243 
0.110 0.001 0,298 

AOJS AOJT 
0.063 0,043 
0.078 0.053 
0.049 0,034. 
0.276 0.195 
0.189 0,129 
0.378 0.275 
D.046 0.026 
a.on D.051 
0.021 0.069 
o.726 0,703 
0.150 0.180 
0.052 0.043 
0.193 0.111 
o.18s 0.164 
0.182 0.120 
0,153 0,0'13 
0.098 0,042 
0.015 0.023 
0,026 0.047 
0,012 0,015 
0,013 0.018 
0,047 0,086 
0,043 0.018 
0.005 0.000 
0.010 0,061 

ATI 
37.2 
37.2 
37.2 
49.6 
49.6 
49.6 
54.9 
54.9 
56.5 
56,5 
56.5 
63,6 
63,6 
63,6 
65.6 
65,6 
65.6 
78.l 
78,l 
75.0 
75.0 
75.0 
75,0 
75.0. 
64,5 

0) .... 



62 

BS and CS and the average values calculated using both the ATI and 

seasonal values, are printed out under the column headings THEOR, 

ADJS, and ADJT, respectively. Definitions used in this program which 

differ from previous definitions or appear for the first time are listed 

below. 

Definitions 

ADJS 

ADJT 

BS 

BT 

cs 

CT 

M 

SUMF 

SUMR 

SUMRF 

SUMRR 

Predicted runoff using season only 

Average predicted runoff using season and ATI 

Slope of runoff curve using the season 

Slope of runoff curve using the ATI 

y-intercept of runoff curve using the season 

y-intercept of runoff curve using the ATI 

Number of storms during one season 

Sum of flows during one season 

Sum of rainfalls during one season 

Sum of rainfalls times flows during one season 

Sum of square of runoffs during one season. 

Program Five 

Antecedent Precipitation 

The listing which follows is the final form of the program. It in

cludes the use of the B and C values calculated in the previous two pro

grams. Thus, it differs from the program used to calculate the data in 

Table I, which was converted from the program utilizing only Equation 

( 4. 1 ). The difference between the predicted runoff and actual runoff is 



SJf'R **************4!**,T IME=30 JOE FEHR ING 
C ANTECEDENT PRECIPITATION 

DIMENSION OIFF(8,501,10(8,501,RAIN(8,501,FL[~(B,501,AOJA(S,501, 
A ANPR18,501, JI 81,LSI 8,501, THEORI 8, 50 I ,NI 181,ATI I 8, 501, Bl 81 ,CIB I 
8 ,8SIBl,CSl81 

READIS,100) N,(Nl(ll,I=l,NI 
100 FORMATISX,15151 

READl5,3001 LSTA,AA 
READ15,7001 (B(ll,Clli,e's111,cs111, 1=1,BI 

300 F0RMHl5X,15,7F10,31 
700 FORMAT! 10X,4Fl0,41 

DO 140 1=1,N 
JI 11•0 
DD 130 K=l,50 

C INPUT · 
READ(5 ,500 I ID( I ,tc) ,LS ( I ,tc J ,RAIN( 1, K J ,FL Jt.Jt I, Kl ,ANPR CI ,KI 

A,ATl(l,Kf .. 
500 FORHATl10X,215,5X,5Fl0,31 

IFIIDll,Kl,EQ,01 GO TO 140 
JI ll=Jll l+l 

610 1FCATlll,Kl,GE,40,I GO TO 620 
THE ORI 1,Kl=BI 11 *RA'IN I 1, i< l+C Cl I 
GO TO 6qo 

620 IFIATlll,KI ,GE.45.1 GO ··TO 630 
THEDR I I ,Kl •elll•RAINI 1,K )+C 121 
GO TO 690 

630 IFIATlll,KI.GE.50.I GO TO 640 
THEORll,Kl=Bl31*RAINll,Kl+Cl31 
GO TO 690 

640 IFIATlll,KI.GE.55.1 GO TO 650 
THEORCl,Kl=Bl41*RAINll,Kl+Cl41 
GD TO 690 

650 IFIATl(.l,.KI.GE.60.1 Ga Ta 660 
THEORI 1,K l•B 15l*RAINI 1,Kl+C 151 
GO TQ o<io .-

660 IFIATlll,Kl,GE,65.I GO TO 670 
THEORll,Kl•Bl61•RIINll,Kl+Cl61 

670 IFIATlll,KI.GE.70.1 GO TD 680 
THE ORI I ,Kl =BI 71 *RAINI I', K l+C 171 
GO TO 690 

680 THEORll,Kl•Bl81*RAINll,Kl+Cl81 
690 CONTINUE 

IFIIDll,KI.GE.711 GO Ta 320 
KK•l 
GO TO 380 

320 IFCID(l,Kl,GE.1061 GD TO 330 
KK=2 
GO TD 380 

330 IFIIDll,KI.GE.1411 GO Ta· 340 
KK='3 
GO TO 380 

340 IFIIDll,KI.GE,1761 GD TO 350 
KK=4 
GO TO 380 

350 IFIIDll,Kl,GE.2111 GO TO 360 
KK=':i 
GU TO 3RO 

lbO IFIIDll,KI.GE.2461 GO TO 370 
KK=6 
GO TO 380 

370 KK•7 
3~0 THfORI 1,K I =ITHEORI 1,K l+BS IKKl*RAINI I ,Kl +CSIKKI IJ·2. 

IFITHEORCl,KI.GT.O.I GO TO 120 
THEORll,Kl=o.o 

120 OIFFll,Kl=THEORll,KI-FllNCl,KI 
1 lO WNT INUE -
140 CONTINUE 

C CALCULATION OF CONSTANTS 
SIJMO•O.O 
SUMA=O.O 
SUMDA=O,O 
SUMDO=o.o 
M=O 
DO 440 1=1,N 
JA=JIII 
M=M+JA 
DO 440 K=l,JA 
SUMD•SUMD+ANPRI I ,Kl 
SUMA=SUMA+DIFFll,KI 
SUMOA=SUMDA+DlFF 11,K l*ANPRl-1,KI 
SUMDD=SUMOD+ANPRll,Kl*ANPRll,KI 

440 CONTINUE 
DENOM•M•SUMDD-SUMD*SUMD 
SLO=I M•S\JMDA-SUMD•SUMAI /·DEN'JM 
'BIN• l'SUMDD•SUMA-SUMD*SUMDA l /DENOM 
DO 540 J=l,N ,, 
JA=J I II 
00 540 K=l,JA . 
ADJAI 1,K l•THEOR 11, Kl -I ANPR 1-1, KI *SLO+B IN I 
IFCADJAI 1,KI .GT.O."I GO TO 51t0 
ADJA( l,K l•O.O 

540 CONTINUE 
DO 740 1=1,N 

WRITEl&,2001 NIIII 
2~0 FOR~A1(1Hl////20X7HYEAR ,14///20X58HDAV STA PAI~ FlGW 

A THEOR ANPP AOJA ATI I 
JA=J I II 
DO 740 K=l,JA 

WRITE (6,400J J 0( I, Kl, LS ( I ,tc I ,RAIN( I ,Kl, FLIN(· I ,Kl ,THEOR 11,K I, 
A ANPR(l,K),AOJA(I.Kl,ATICI,K) 

400 FORMAT!l7X,216,5F8,3,F7.l) 
740 CONTINUE 

WRITE16,6001 SLO,BIN 
600 FORMATl1Hl///20X7HSLO = ,F8.4//20X7HBIN = ,FB.4/lHll 

STOP 
ENO 

SEN.TR.Y. 

en 
w 



YEAR = 1957 

DAY STA PA IN FLOW THEOR ANPR ADJA AT( 
52 I 0.610 0.001 0.067 o.on 0 • .033 41.9 
52 2 0.510 0.001 0.050 0.108 0.020 41.9 
52 3 0.100 0.001 o.082 0.028 0.044 41.9 
61 l 0.660 0.013 0.075 0.180 0.052 42.4 
61 2 0.920 o.01a 0.119 0.219 0.100 42.4 
61 3 1.150 0.023 0.159 0.144 0.132 42.4 
64 l 0.5RO 0;020 0.061 Q.402 0.059 43.7 
64 2 o.930 o. 032 0.121 o.526 0.131 43. 7 
64 3 l. 330 o.045 0.189 0.492 o.196 43.7 
79 1 Q.680 0.161 0.086 0.151 0.060 44.9 
79 2 2.570 0.610 o.3n 0.214 o. 373 44.9 
79 3 2.090 0.496 0.315 0.252 0.299 44.9 
82 l 1.860 0.683 0.279 0.484 0.293 44.9 
82 2 D.300 0.110 0.024 1. 998 D.114 44.9 
82 3 D.910 0 0 334 0.123 lo!BI D.195 44.9 
84 l 1.530 0.473 D.224 1.195 0.297 44.9 
84 2 1.160 D.358 D.164 1. 752 D.290 4lt.9 
84 3 l.230 0.380 D.175 1.112 o. 241 44.9 
92 l 2.630 Ooll9 0.184 0.562 0.198 48.8 
92. 2 2.490 0.113 0.174 o. 792 0.210 48.8 
92 3 1.830 D.083 0.121 0.638 o.14a 4e.e 

100 l o.s40 D.192 0.070 0.513 D.079 50.4 
100 2 ·o. 100 0 0 160 0.043 0.852 o.oa3 50.4 
100 3 1.420 0.325 D.185 D.557 0.198 50.4 
103 l 0.810 0.105 D.064 0.513 0.073 50.4 
103 2 2.460 0.318 0.391 1.040 0.450 50.4 
l Q?. 3 2.150 0,278 0.330 o. 707 o. 357 50 .4 
105 I 1.600 0,368 o. 221 o. 513 0.229 50.4 
105 2 0.960 0.220 0.094 1. 710 o. 217 5Q.4 
105 3 0.500 0.115 0.003 l.·685 0.123 50.4 
108 l 2.650 0.031 0.589 0.513 0.598 52 .2 
JOB 2 1.840 0.022 0.356 1.101 0.421 52 .2 
108 3 3.080 0.036 o. 713 o. 79.I o. 748 52.2 
110 I o. 780 0.065 0.051 1.487 0.152 52 .2 
110 2 D.920 D.077 o. 091 lol07 D.156 52 .2 
110 3 1.240 D.103 0.183 1. 619 0.297 52.2 
112 l 7.450 2.943 1.971 0.963 2.022 52 .2 
112 2 5. 920 2.339 1. 530 D.977 1.583 52 .2 
112 3 2.130 o. 841 0.440 1.110 0.505 52.2 

YEAR s: 1957 

DAY STA RAIN FLOW 
116 l o.aoo o.041 
116 2 2.600 0.132 
116 3 1.670 0.085 
123 l 1.300 0.060 
123 2 2.050 0.094 
123 3 1.300 0.060 
131 l 3. 880 1.206 
131 2 1.980 0.616 
131 3 2.480 o. 717 
134 l D.320 0.225 
134 2 1.110 o. 780 
134 3 1.360 o.956 
14.0 l 2.250 1.103 
140 2 1.100 o.539 
140 3 D.680 o. 333 
144 1 4.620 1.592 
144 2 1. 760 D.606 
144 3 1.490 o.513 
148 l 0.370 0.019 
148 2 0.790 0.040 
148 3 1.300 0.066 
153 l 0.860 o.450 
153 2 1.100 o.575 
153 3 1.160 Q.606 
188 l 0.450 0.001 
188 2 1.010 0.001 
JqB 3 0.670 0.001 
zoo I 0.4qO 0.002 
200 2 o.a10 0,004 
226 l 3.440 0.015 
226 2 3.160 0.01,. 
226 3 3.240 0.015· 
22s l 5.640 o.530 
229 2 2.590 0.243 
22s 3 6.060 Q.569 
267 2 0.790 0.001 
267 3 1.120 0.001 

THEOR ANPR 
0.057 2.450 
o. 575 2.274 
0.307 1.115 
0.243 2.681 
o. 438 1.600 
0.243 1. ;so 
0.914 0.996 
0.420 1.023 
0.550 o. 717 
O.ODD 1. 771 
0.193 1.321 
D.258 1.587 
D.490 o. 790 
0.191 D.872 
D.081 0.813 
0.929 1.055 
D.298 o. 767 
0.238 0.681 
0.000 1.389 
0.083 1.123 
0.196 o.775 
0.099 0.979 
D.152 0.858 
D.165 0.921 
0.000 0.015 
0.047 0.007 
0.002 0.000 
0.000 o. 054 
0.020 0.261 
o.2io 0.267 
0.187 0.168 
0.194 0.212 
0.391 o. 75,9 
0.140 0.859 
0.426 o. 834 
0.002 0.136 
0.015 o.330 · 

AOJA 
0.250 
o. 751 
0.373 
o.1o5a 
0.550 
Q.334 
0.968 
Q.477 
o.578 
o.1za 
0.279 
0.369 
D.525 
0.233 
0.119 
0.990 
O.HO 
0.262 
0.092 
0.150 
0.229 
0.152 
0.193 
o.2i2 
0.000 
0.001 
0.000 
0.000 
0.005 
0.195 
0.163 
0.179 
0.423 
0.[82 
0.465 
0.000 
0.007 

ATI 
54.0 
54.D 
54.0 
55.3 
55.3 
55.3 
56.5 
56.5 
56.5 
59.7 
58.1 
58 .• 7 
5a.·1 
5s.7 
58.7 
6Q.6 
60.6 
60.6 
61.7 
61. 7 
61·7 
61.7 
61. 7 
61. 7 
71.2 
11.2 
71.2 
73 .4 
1~ .4 
75.3 
75.3 
75.3 
75.3 
75.3 
75.3 
10.1 
70.l 

a:, 
>+'> 
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considered to be linearly dependent upon the antecedent precipitation. 

The equation of the difference is calculated by the least squares method, 

as outlined in the third program. Definitions of this program follow. 

Definitions 

ADD 

ADJA 

BIN 

DIFF 

SLO 

SUMA 

SUMD 

SVMDA 

SUM DD 

THE OR 

Correct for antecedent precipitation 

Predicted runoff adjusted for antecedent precipitation 

y-intercept on the runoff difference equation 

Difference between the predicted and actual runoffs 

Slope of the runoff difference equation 

Sum of DIFF for all storms 

Sum of antecedent precipitation for all storms 

Sum of DIFF times antecedent precipitation for all 

storms 

Sum of the square of the antecedent precipitations 

Predicted runoff ignoring the antecedent precipitation. 

Program Six 

Duration Constants 

For this program, the day, station, rainfall amount, duration, 

flow, antecedent temperature index, and antecedent precipitation are 

read into the computer along with the constants calculated from the 

three previous programs. Runoff predictions are made using these 

constants. The initial rainfall is calculated, restricting any reduction 

due to antecedent precipitation to one half the unadjusted value. For 

each storm, the slope on the runoff curve is found by taking the average 



SJOij *****************,TIME:30 JOE f"EHRING 
c nURATION'coNSTANTS 
c 

DI MENS ION 10( 8 ,40), RA 1N(8,40), Fl JN(8 ,40 J, ANPR (8,40) ,J( 81 ,LSI 8,40), 
A THE OR (8,40 I ,NI ( 81,AT IC 8,401,B 18 I, C( el, BS( R) ,CS( 81 ,F( 4), FS(4), 
R ADJO l 8,401, STA ( 41 ,KI ( 8) ,LOUR I 8, 40 I ,FtP ( 8,401, F~ f\( 8,401 
RfA0(5,100) N,(Nl(l),1=1,N) 

100 FORMATISX,15151 
READl5,300l LSTA 

READ(5,700l SLO,RIN 
LPLUS•LSTA+l 

READ(S,7001 ISTA(ll, l•l,LPLUS) 
REA015,700) IB(Il,C(JJ,BS(IJ,CS(ll, 1=1,8) 

300 fORMAT(5X,15,7Fl0.31 
700 FOR~AT( !OX, 4FI0.4) 

A;STAILPLUS l 
DO 140 l•l,N 
J(ll•O 
DO 130 K=l,50 

C INPUT 
RFAOf 5,500) 10( I ,I<. J ,LS( I ,KI ,lOUR I I, KI ,RAIN( t, KJ ,FL IN( 1,K I, 

A ANPRt l,KJ.,ATI l l,KI C 
500 FORMATllOX,315,5Fl0.3l C 

c 
c CALCULATIONS USING CONSTANTS FROM PREVIOUS PROGRAMS 

IF(IOll,K).EQ.01 GO TO 140 
J(l h:J( l)+l 

610 IF(ATl(l,KI.GE.40.l GO TO 620 
KL=l 
GO TO 690 

620 IF(ATl<l,KI.GE.45.1 GO TO 630 
KL•2 
GO TO 690 

630 IF(ATl(l,KI.GE.50.1 GO TO 640 
Kl=3 
GO TO 690 

640 IF(ATl(l,KloGE.55.) GO TO 650 
Kl=4 
GO TO 690 

650 IF(ATlll,KI.GE.60.) GO TO 660 
KL=5 
GO TO 690 

660 IF(ATl(l,KI.GE.65.l GO TO 670 
KL=6 
GO TO 690 

670' IF(ATl(l,Kl.GE.70,l GO TO 680 
KL=7 
GO TO 690 

680 KL=B 
690 CONTINUE 

IF(IDll,KI.GE.711 GO To 320 
KK=l 
GO TO 380 

320 IF(ID(l,KI.GE.106) Go To 330 
KK=2 
Gfl TCi 360 

3 IO IF( ID( I ,Kl .Gt .1411 GU ro 340 
KK=3 
GU TU 380 

340 IF( IOI I ,Kl .GE.l 7hl r.u TO 350 

KK=4 
GO TO 3•0 

350 IFIID<l,KI.GE.2111 GG TO 360 
KK=5 
GO TO 380 

360 IFIIDll,KI.GE.2461 GO TO 370 
K.K=6 
GO TO 380 

170 KK=7 
180 FR8(1,Kl=(~S(KKl+BlKLll/2. 

THl::OR( I ,K ):FRO( I. ,Kl*RAIN( I, K)+(C (KL I+ 
A CSIKKll/2.-(SLO•ANPRll,Kt+BINl 

FIR t.I, K) ,;.C-C CS( KK) +CCKL) I /2.-CSLO•ANPR( I ,Kl+BlNI I/ I BS (Kl< J + 
A BIKLl 112. 

CHECK=-. 50( ( CS ( KK l +Cl Kll ) /( RS·( KK l +Bl Kl l l I 
lf(FIR(l,KI.GT.CHECKI GO TO 385 
FIRII,KlaCHECK 

185 !F(THEOR(l,KI.GT.O.I GO TO 130 
THEOR(l,KlsO.O 

130 CONTINUE 
140 CONTINUE 

CALCULATION OF FRACTIONAL VALUES 
ll•O 
L2•0 
L3,=0, 
00 420 [=1,3 
FI 11•0.0 
FS(ll•O.O 

420 CONTINUE 
OD 460 tzt,N 
JA=J(ll 
00 460 K•l, JA 
IF(LOURll,Kl-21 430,440,450 

4l0 Ll=Ll+l 
F ( l l=FI lJ+THEl'JR( I ,Kl 
FSlll=FSlllfFLIN(l,KI 
GO TO 460 

440 l2=L2+1 
f(21=F(2)+THEOR(J.,KJ 
FSl21•FS121+FLINll,KI 
GO TO 460 

450 L3=L3+1 
F(31=F(31+THEORI 1,KI 
FSl3J=FSl3l+FLIN(l,KI 

460 CPNT INUE 
Fl!J;F(l)/FS!ll 
Fl21=Fl2l/FS121 
Fl31=F(3)/FSl31 
Fl4l=Fl3l 
00 560 Jst,N 
JA=Jlll 
00 S60 K=l,JA 
ADJO( l ,KI =FR Bl 1,K I *l RAIN( I .,K)-FIRt I ,Kl I /F CLOUR.( l ,KI l 

c;t,o cnNTINUE 
rJP 740 I=l,N 
JA;J I 11 

WRITE'(0,2001 Nl(l) 
?00 FrHH4AT(lHl////20X7HYEAR ,l4///20X5~HOAY 

A FLOW TH En~ AOJD I 
STA OUP C./1 TN 

0) 

0) 
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Dlff = -1.019.5 

TAO = 2 .38 74 

I AD 
1 0.9283 
2 0.9590 
3 0.9149 
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of the slopes calculated using the season and the antecedent temperature 

index. For each of three durations, a ratio, F, is found of the sum of 

the predicted flows to the sum of the actual flows. The new predicted 

runoff is found by multiplying the slope of the curve by the effective 

rainfall and dividing by the adjustment factor, F. The effective rainfall 

is simply the total rainfall minus the initial rainfall. 

Definitions 

ADJD 

B 

c 

CHECK 

F 

FIR 

FRB 

FS 

Predicted runoff, adjusted for duration 

Slope of runoff curve using ATI 

y-intercept of runoff curve using ATI 

One half of the initial rainfall 

Correction factor for duration 

Initial Rainfall 

Slope of runoff curve using both season and ATI 

Sum of the flows for any duration, used to calculate F. 

Program Seven 

A real Distribution 

This program was written specifically for a basin with three re

porting weather stations. The predicted area runoffs are calculated 

using the same procedure as in the sixth program. The predicted area 

flows should equal the actual basin flow. The program sums each of 

the predicted area flows, and each of the sums multiplied by the indivi

dual station's correction factor, -AD, is set equal to the sum of the 

actual basin flow. Two of the values of AD are set equal to one, and 



SJOJ:\ *****************,TIME=30 JOE' FEHR ING 
C AREAL OISTRIBUTION CONSTANTS 
c 

01 MENS tON 10(8, 40), RA UH 8 ,40 I, FLIN( 8,401 ,ANPRlB,ltO) ,J( 81 ,LSI 8,401, 
A THE11P. ( 8,40) ,Nt ( 8) ,AT I ( 8 ,40f,8 (A 1, C( 81, BS I 81 ,tSl 81, F(4J.FS (4), 
R ADJO(R,401,STAl41,Kit81,LDUPC8,401,FIPtB,40J,FR9(8,401 
C ,ADI 31,RT (31 

RF ADC 5, 1001 N, ( NI l l 1, l=l ,NJ 
l~lO FORMAT(5X,15ISJ 

RfADl5,3001 LSTA,AA 
R[A015,7001 SLO,BIN 

LPLUS=LSTA+l 
REA.0(5,7001 ISTA.(11, I=l,LPL·US) 
RF.AD15,700) CB(lhC(ll,BS(Il,CS(ll, l=l,81 

300 FORMATl5X,t5,7Fl0.31 
700 FORMAT(lOX,4Fl0.41 

A=STA(LPLUS l 
DD 140 l=l,N 
JI I l=O 
DO 130 K=l,50 

C INPUT 

c 
c 

READ( 5,5001 ID( I ,KI ,LS( I ,K) ,LOUR( I ,K·) ,RAJPIII J.,K) ,FLIN( 1,K 1, 
A ANP.RCI,Kl,ATIII,K) 

500 FORMAT!lOX,315,5fl0,31 

CALCULATIONS USING CONSTANTS FRO'< PREVIOUS PROGRAMS 
IFIIDll,Kl.EQ.Ol GO TO 140 
J(ll=Jtll+l 

610 IFIATlll,K)oGE.40.l GO TO 620 
KL=l 
GO TO 690 

620 IFIATlll,Kl.GE.45.l GO TO 630 
KL=2 
GO TO 690 

6,o IF(ATIII,Kl.GE.50.) Gr, TO 640 
KL=3 
GO TO 690 

640 IF(ATlll,KI.GE.55.) to TO 650 
KL=4 
GO TO b90 

650 IFIATl(l,Kl.GE.60.l GO TO 660 
KL=5 
GO TO 690 

b60 !FIATl(l,Kl.GE.65.l GO TO 670 
KL=6 
GO TO 690 

670 IF!ATlll,Kl.GE.70.1.GO TO b80 
KL=7 
GO TO 690 

680 KL=8 
b90 CONTINUE 

IF(IDll,KI.GE.711 GO TO 320 
KK: l 
GO rn 380 

'70 IF(IOll,Kl,GE.!Ohl GD TO 330 
Kt< =2 
GO TO 380 

3110 IF(ID(l,K).GE.1411 GC TO 340 
KK=3 
Gf1 TU 380 

c 
c 

340 lf(IDll,Kl.GE.176) GC TO 350 
KK=4 
GO TO 3AO 

350 !FIIOll,Kl.GE.2111 GO TO 360 
KK='i 
GI' TO 380 

31JO lf(IO(l,KJ.GE.2461 Gf TO 370 
KK=6 
GO TO 380 

370 KK=7 
3~0 FRB(l,i<.)=(RS(KKl+B(KL)l/2. 

THE OR( 1,K t =FRB( I ,K )*RAJ N( I, Kl+( Cl KL}+ 
A CSIKK)l/2.-ISLO•ANPRll,Kl+BINl 

FIR I I ,Kl =I- I CS( KK l +C (KL l l/2.- (SLO•ANPRI I, Kl +KIN l I II 8S (KK l + 
A ~ (Kl) l/2 0 

CHFCK=-· 5•1 I CS( KK) +C (Kll l II BS (KK l +Bl KL) I l 
IFIF!Rll,K).GT.CHECKl GO TO 385 
FIRll,Kl=CHECK 

385 IflTHEOR( l,Kl .GT.O. J GO TO 130 
THEORl! ,K l=O.O 

I30 CONTINUE 
140 CONTINUE 

STATION CONST ANTS 
00 810 1=1,3 
AD.< I l =O, 
RT(I}sO. 

810 CONTINUE 
RTS=O. 
DO 850 l=l,N 
JA=J( I l 
DO 850 K=l,JA 
RTS=RTS+FLINll,Kl*STAILSl!,Kll 
IFILSll,Kl-21 820,830,840 

'PO RTI 11=PT( 11 +THFOP ( I,K 1 
GO TO 850 

830 RT(2)=RT(21+THEOR(l,KI 
GO TO 850 

840 RTl31=RT("31+THEOR( I,KI 
~'iO CONT[ NUE 

ADI ll =IR TS-RT 12 l*STAI 21-RT( 31 *S TA!3 l ll (RT I I I •STAI l l l 
. AOl2l =IP TS-RT 11 l*STA Ill-RT I 3 l*STAI 3l l /lRTl2 l *ST Al 2 l l 
ADl3l= (RTS-RTll l *STA Ill-RT( 2l*STAtzl lll RT I 3) *STAI 31 l 
T AD=AO( l l +AO I 2 l +AD13 l 
OJFF=RTS-RT(ll*STA(l)-PT(21*STA(2l-RT(3l*STA(3) 
DO 860 K=l,3 
ADI Kl =l .O+( AOIK )-1.0 I *I AO(K l/T ADI 

860 CONTI 'IUE 
WRITEl6,6001 Dlff 9 TAD, (l,AD(II, 1=1,31 . 

600 F0RMATl1Hl///20X,7HDIFF = ,fl0.41/20X,7HTAO ,Fl0.4///20X, lHI, 
A lOX,2HA0/3(20Xll,5X,Fl0.4/1/lHll 

STOP 
END 

1"fNTRY 

0:, 

co 



DO 740 K=l,JA 
WRITEl6,4001 lOII,Kl,LSII,Kl,LDURII,Kl,RAINII,Kl,FllNII,Kl, 

A THEORII,Kl,AOJOII,KI 
400 FORMATl17X,316,4Fl0.31 
740 CONTINUE YEAR = 1957 

WRITEl6,18001 11,Flll, l=l,31 
1800 FORMATl1Hl////24XlHl,lOX,lHF/3124X,Il,5X,Fl0.4/ll 

PRINT 2000 DAY STA DUR RAIN FLOW THEOR AOJO 
2000 FORMATllHll 52 1 1 0.610 0.001 0.033 0.103 

STOP 52 2 1 0.510 0.001 0.020 0.083 
ENO 52 3 2 0.700 0.001 0.044 0.053 

61 1 2 0.660 o.ou 0.052 o. 049 
SENTRY 61 2 2 . 0.920 0.018 0.100 0.073 

61 3 l 1.150 0.023 0.132 0.215 
64 1 1 o.500 0.020 0.059 0.097 
64 2 2 0.930 0.032 0.131 0.074 
64 3 2 1.330 o. O't5 0.196 0.109 
79 1 1 0.680 0.161 0.060 0.119 
79 2 4 2.570 o.610 0.373 0.311 
79 3 2 2.090 0.496 0.299 0.112 
82 l l 1.860 0.683 0.283 0.352 
82 2 2 0.300 0.110 0.174 0.003 
82 3 1 0.910 0.33't 0.195 0.150 
84 1 1 1.530 O.'t73 0.297 0.272 
84 2 1 1.160 0.358 0.290 0.183 
84 3 1 1.230 0.380 0.241 0.215 
92 1 l 2.630 0.119 0.198 0.223 
92 2 2 2.490 0.113 0.210 0.089 
92 3 3 1.830 0.083 0.148 00098 

100 1 2 0.840 0.192 0.079 0.062 
100 2 1 0.700 0.160 0.083 0~110 
100 3 1 1.420 0.325 0.198 a .• 203 
103 l 2 0.810 0.105 0.073 0.059 
103 2 3 2.460 0.318 0.450 0.343. 
103 3 3 2.150 0.278 0.357 G.295 
105 1 3 l.600 0.368 0.229 o. 210 
105 2 2 0.960 0.220 0.211 0.011 
105 3 l 0.500 0.115 0.123 0.055 
108 l 3 2.650 0.031 o.598 o. 528 
108 2 1 1.840 0.022 O.'t2 l 0.537 
108 3 2 3.080 0.036 0.748 0.420 
110 1 1 0.780 0.065 0.152 0.167 
110 2 l o. 920 0.011 0.156 0.216 
110 3 l 1.240 0.103 0.297 o. 328 
112 l l 7.450 Z.943 2.022 2.495 
112 2 1 5. 920 2.339 1.583 1.961 
112 3 l 2.130 0.841 0.505 0.638 

-:i 
0 
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the third value of AD is calculated. This is repeated until all three 

values of AD are found. The final values of AD are found by the equa-

tion 

k assumes the values one, two and three, representing the respective 

Thiessen areas: Stillwater, Maramec, and Cushing. 

Definitions 

AD 

DIFF 

RT 

RTS 

TAD 

A real Distribution correction factor 

Total difference between predicted and actual basin 

flow 

Sum of predicted runoffs for individual stations 

Sum of actual basin runoff 

Sum of the three values of RT. 
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APPENDIX B 

GENERAL FLOW CHART 
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Appendix B is a general flow chart to be followed in calculating 

the rainfall-runoff relationships using only one program. Comments 

pertaining to any step are boxed in dotted lines and placed to the right of 

that step. References are made to the programs listed in Appendix A . 

A 

AD 

ANPR 

ATI 

BIN 

Definitions 

Area of basin in square miles 

A real Distribution correction factor 

Antecedent Precipitation in inches per day 

Antecedent Temperature Index 

y-intercept on runoff difference curve for antecedent 

precipitation 

BS - Slope of runoff curve calculated using seasonal 

variation 

BSF 

BT 

CON 

Assumed baseflow at the start of the year 

Slope of runoff curve using the ATI 

Conversion factor for area flow from seconds-feet

days to inches of runoff 

CS - y-intercept of runoff curve calculated using the 

CT 

DIFF 

F 

FLIN 

FLOW 

FRB 

seasonal variation 

y-intercept of runoff curve calculated using the ATI 

Difference between predicted and actual runoff due to 

antecedent precipitation 

Correction factor for duration 

Flow in inches 

Flow in seconds-feet-days 

Slope of runoff curve using both the ATI and season 



FRC y-intercept of runoff curve using both the ATI and 

ID 

LDUR 

LPL US 

LREC 

LSTA 

N 

PREC 

RO 

SLO 

TEMP 

THE OR 

XM 

XN 

season 

Day the storm began 

Duration of the storm 

As a subscript, it refers to basin values 

Days of record for one year 

Weather reporting stations 

Number of years of record 

Daily Precipitation 

Stream Runoff 

Slope of runoff difference curve for antecedent 

precipitation 

Mean daily Temperature 
.. 

Theoretical or predicted runoff ~ 

Minimum runoff considered in the program 

Minimum rainfall considered in the program. 
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(START ) 

( INPUT: N, A 
LSTA, LREC, BSF, XM, XN 

LPLUS = LSTA + 1 

CALC., CON(I) 
I= 1, LSTA 

I I= 1 

• 

/ INPUT: 
8 

PREC (IJ., ~), 
RO(K), 
TEMP(K), 
( ( IJ = 1, LSTA ), K = 1, LREC) 

CALC. ATI _SECOND PROGRAM~ 

----------, 
FIND: RAIN., FLOW, ID., 
FLIN., ANPR, LDUR FIRST PROGRAM I __________ J 

CONVERT TO DOUBLE SUBSCRIPTS, FIRST 
SUBSCRIPT REPRESENTS YEAR, SECOND 
SUBSCRIPT REPRESENTS STORM NUMBER 

I= I+ 1 

. ___ I_._G_E~·--N __ _, ........ ~~-N ......... o~~~-·~ 
Yes 

----------------- - - - - - - - - - - - -1 

CALC. BT., CT THIRD PROGRAM I ._ _____________ _,__ - - - -- - - - - - --1 

Figure B.1. General :Flow Chart 



------------, 
FOURTH PROGRAM , CALC. BS., CS _______________ ...... - - - - - - - - - - - _, 

--------------- - - - - - - - - ~ - ., FIND: FRB., FRC FRB =(BS+ BT)2 j 
..__f_or_e_v_er+-=y~s-to_r_m _____ -1-- FRC =(CS+ CT)f _ J 
,--__ ___._ ________ _,, - - - - - - - - - - - ·1 

CALC. THEOR., DIFF., FIFTH PROGRAM I 
BIN., SLO I +--------------. - - - - - - - - - - _ J 

DIFF = SLO x ANPR + BIN 

- - - - - - - - - - - -, 
CALC. FIR 

LARGER VALUE OF: I 
-(FRC + DIFF)/FRB i 

..__ ___________ __....: __ or_ -:_(~R_g u_ 2FR_B _ .... _I 

-.---------------, - - - - - - - - - - - - I 
SIXTH PROGRAM I 

,__c_A_L_c_ • ..,...F_J_A----n ______ __. - - SEVENTH PROGRAM J 

OUTPUT: 
BT (K), CT (K)., K=l, 8 
BS(K)., CS(K)., K=l,7 
SLO., BIN., 
F (K)., AD (K)., K= l.__--

Figure B.1. General Flow Chart (Continued) 
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INTERPRETATION OF COMPUTER PRINTOUTS 
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Appendix C is furnished to aid the reader in interpreting the com

puter printouts. The term used by the programs, IDAY, is printed 

with the corresponding calendar date for non-leap years. In a leap 

year, IDAY 1 corresponds to January 31 instead of January 30. Thus 

March 1 is IDAY 31 for all years. The days shown are the first day of 

the weeks numbered. 



79 

TABLE X 

INTERPRETATION OF COMPUTER PRINTOUTS 

Month Day !Day Week Month Day !Day Week 

Jan 30 1 1 Jul 17 169 25 

Feb 6 8 2 Jul 24 176 26 

Feb 13 15 3 Jul 31 183 27 

Feb 20 22 4 Aug 7 190 28 

Feb 27 29 5 Aug 14 197 29 

Mar 6 36 6 Aug 21 204 30 

Mar 13 43 7 Aug 28 211 31 

Mar 20 50 8 Sep 4 218 32 

Mar 27 57 9 Sep 11 225 33 

Apr 3 64 10 Sep 18 232 34 

Apr 10 71 11 Sep 25 239 35 

Apr 17 78 12 Oct 2 246 36 

Apr 24 85 13 Oct 9 253 37 

May 1 92 14 Oct 16 260 38 

May 8 99 15 Oct 23 267 39 

May 15 106 16 Oct 30 274 40 

May 22 113 17 Nov 6 281 41 

May 29 120 18 Nov 13 288 42 

Jun 5 127 19 Nov 20 295 43 

Jun 12 134 20 Nov 27 302 44 

Jun 19 141 21 Dec 4 309 45 

Jun 26 148 22 Dec 11 316 46 

Jul 3 155 23 Dec 18 323 47 

Jul 10 172 24 Dec 25 330 48 
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