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INTRODUCTION

Hydrologic data are basic to the accurate design of hydraulic structures.
The design requires an estimate of rainfall and runoff rates that can be ex-
pected from watersheds for the design period. For this design, the amounts
of water that have to be discharged must be known. If possible, these amounts
should be assessed by direct measurements. If not, indirect methods, such as
calculation of discharges from rainfall data, will have to be used (Stol,
1973).

The most common hydrologic data used for designing hydrologic structures
are rainfall and streamflow records, The first step in designing a water con-
trol facility is to determine the probable recurrence of storms of different
intensity and duration so that the most economical size structure can be pro-

:
vided (Schwab,1966).

The design of hydraulic structures requires an estimate of the peak run-
off rate that can be expected from a watershed. It is physically and economi-
cally impossible to measure runoff from every watershed where an estimate of
peak runoff rates may be needed. Rather, it is necessary te extend the re-
sults of runoff measurements from a small number of watersheds to ungaged
areas.

Any watershed is unique with respect to runoff producing characteristics.
Thus, difficulty is encountered in applying results of runoff studies to other
watersheds, For small agricultural watersheds, the watershed characteristics,
soil condition, and vegetal cover at the time of a storm has as important an
effect on runoff as rainfall amounts and intensities. Without a thorough
understanding of all the factors that affect runoff, the results of runoff
studies must be limited to the area of similar physiography, soils, and land

’

use represented by the measured watersheds.



To provide rainfall and runoff informatiom applicable to a large area in
Central Illinois, rainfall and runoff measurements were started in 1949 on
four small agricultural watersheds in Allerton Park, Monticello, Illinois.

The sizes of the watersheds range from 45.5 acres to 390 acres, The work was
done by the Department of Agricultural Engineering, University of Illinoié,
in cooperation with the Soil Conservation Service, USDA.

The available data from these four small agricultural watersheds are
rainfall, runoff, and, additionally, temperature, humidity, and wind speed.
The rainfall data consist of monthly and annual total rainfall, and maximum
rainfall intensities for various durations. The runoff data consist of monthly
and annual runoff, annual maximum runoff depth, and maximum exceedances runoff
depth, for various durationms.

Similar projects have provided runoff data for the permeaﬁle deep loessal
soils of northwestern Illinois, and the claypan region of southerm Illinois.
However, complete hydrologic data and its interpretation for small agriculturai
watersheds is not available in Central Illinois. The Allerton project covers
soils between the above two soil types; a loessal soil over permeable cal-
careous till, The northwestern and southern Illinois studies were on water-
sheds of steep topography, whereas this study is from agricultural watersheds
of very mild topography.

With these three projects, runoff data for most of the soils throughout

Illinois are provided.

Objective and Scope of the Study

The objective of this study was to provide the best estimate of rainfall
and runoff frequencies for four small agricultural watersheds. The specific

objectives were:



- to obtain the depth-duration-frequency relationships for rainfall
and runoff, and, additionally, to determine the probability relation-
ships for temperature, humidity, and wind speed;

- to determine the generalized relationships between rainfall and rumoff
with a simple regression analysis; and

- to determine if the hydrologic records and the length of those records

for this study are adequate for predicting future events.



HYDROLOGIC DATA ANALYSTIS

Hydrologic data are random in nature depending on thelr magnitude and
time of occurrence. When the data are arranged in the order of magnitude, a
series of data which can be subjected to mathematical analysis is formed, and
the distribution may be studied by the method of statistics {Chow,1953) .,

Statistical analysis as applied to hydrologic engineering consists of:

- estimating the future frequency or probability of hydrologic events

based on the information contained in the hydrologic process, and

- correlating interrelated hydrologic variables.

In probability analysis, statistical methods permit coordination of ob-
served data to yield a more accurate estimate of future frequencies than is
indicated by the raw data. They also provide criteria for judging the reli-
ability of the frequency estimates. In correlation analysis, statistical
methods provide means for deriving the most likely relationship between two
variables, and also provide criteria for judging the reliability of forecasts

or estimates based on the derived relatiomship (Beard,1962).

Selaction of Data

The avallable hydrologic data are generally arranged in chronological
order. Tn order that the data have significant value, it is necessary to
select the data and exclude the insignificant data. Hydrology is highly data
dependent, and requires good data samples, both in time and space, The data
must be representative and homogeneous (Linsley and Franzini,1973),

With respect to time, representative means that the data or the sample
must be long enough to include an adequate range of the information to be
used. The concept of homogeneity implies that the records should have a

common meaning throughout the period of record. This means that the data



for the study must measure the same aspect of each event (Beard, 1962),

Many of the original data have practically no significant meaning in
the analysis because the hydrologic design of a project is usually governed
by a few critical conditioms only. For this purpose, two types of data are
generally selected from the complete duration series, namely the partial
duration series and the extreme value series (Chow,1964). The problem in
making probability estimates is essentially to determine the set of conditions
that most likely generated the sample of data that has been recorded. This
set of conditions is represented by a parent population which consists of all
of the hydrologic events that would be generated if the record continues in-
definitely and controlling conditions do not change. From this parent popu-
lation, the partial duration series and the extreme value series are taken
(Beard,1962).

Partial duration series or partial series is a series of data which are
so selected thét their magnitude is greater than a certain base value. If the
base value is selected so that the number of values in the series is equal to
the pumber of the record, the series is called an annual-exceedance series,

Extreme value series is a series of data that includes the highest or
the lowest values with each value selected from an equal time interval in the
record. The time interval is taken as one year and the series so selected is
the annual series, which can be divided into annual maximum series for the
largest annual events, and annual minimum series for the lowest annual events,

The annual exceedance and the annual maximum series give essentially
identical results for recurrence intervals greater than about 10 years (Chow,
1953). The recurrence interval {s defined as the number of years within which
an event will be equalled or exceeded once on the average (Linsley and

Franzini,h1973).



Frequency Analysis

One of the primary goals of engineering hydrology is to determine design
flows for hydraulic structures. If all the components which make up the
hydrologic cycle were fully understood, and could be described, it might be
possible to compute these flows entirely from a theoretical basis. Since
this state of knowledge has not yet been achieved, one techuique that can be
used is the analysis of past events (historical data) with the purpose of
using this data to predict future events. Such an approach involves examining
the magnitude and frequency of occurrence of an event in the hope of finding
gome relationship between these variables. In this case, the past is extrapo-
lated into the future, under the assumptions that future behavior of the hy-
drologic system will be similar to past behavior. The procedure involved in
this work is known as frequency analysis (Chow,1964).

Hydrologic data most commonly analyzed in this way are rainfall and
streamflow records. Because of our inability to consider all of the factors
which might influence the magnitude of a hydrologic event, we must us; sta-
tistics if we are to be able to say anything at all about the event. We
cannot say with certainty that a certain magnitude of flood will occur next
year or in a certain year in the future, but we might be able to say that
there is a certain chance that a flood of that magnitude or larger will cccur
next year or in a certain year in the future. In this case, we are talking
about the probability of an event occurring, which deals with the measure of
chance or likelihood based on sampled data (Chow,1964).

An array may help the overall pattern of the data to be apparent. The
purpose of the frequency is the primary comnsideration in selection of an
array of data for frequemcy study. As examples, if we are considering using

a frequency curve for estimating damages related to instantaneous peak flows



in a stream, we should select the peak flows from the record. If the damages
are related to maximum mean daily flows, this item should be selected (Beard,
1962).

In probability analysis, there are twe basic approaches to estimate or
infer the parent population from the sample data. The first approach is
arranging the data in the order of magnitude to form a frequency array, and
a graph of magnitude versus observed frequency plotted. The second approach
is to derive general statistics from the data representing the average magni-

tude, the variability from that average, and other pertinment statistics re-

lating frequency to magnitude as indicated by the data (Beard,1962; Huntsberger

and Billingsley,1975).

For discrete random variables, the number of occurrences of a variate is
called frequency. When the mmber of occurrences, or the frequency, is plot-
ted against the variate as the abscissa, a pattern called frequency distribu-
tion is obtained. When the number of occurrences of a discrete variate is
divided by the total number of occurrences, the result is the probability of
the variate, and the distribution of the probabilities of all variates,
instead of their frequencies, is called probability distribution. Both dis-
tributions may be called statistical distributions (Chow,1964; Huntsberger
and Billingsley,1975).

Hydrologic data are treated as a statistical distribution for frequency
analysis. The empirical frequency distribution of the data is then used to
determine the magnitude of the variable to be expected in a given recurrence
interval or return period (Chow,1951; McGuinness and Brakensiek,1964). The
most commonly used distributions in hydrologic frequency analysis are the
normal, extreme - value, and the log-normal distributions.

The best known of the frequency distributions is the normal distribution

-



The normal frequency curve is bell-shaped and symmetrical about the mean.
Special graph paper has been developed on which the normal distribution curve
will plot as a straight line. This method has the advantage that different
sets of data can be easily compared, and if justified, the linme can be readily
extended beyond the range of data for making probability estimates for the
future events. The procedure for fitting frequency distribution is similar
to the log-normal distribution which will be explained later. Fﬁr the data
that are skewed, or not normally distributed, the data have the tendency to
plot as a curve instead of as a straight line.

The extreme-value theory was first investigated by Fisher and Tippett,
and applied to hydrologic data by Gumbel (1954). The mean of the set of data

is calculated from
i=zxi/n E RE B B N B I I ) 8 * 3 8 8@ b w B B S oad d SN s Al LN B I B [1]
and the standard deviation is calculated from

- = 2
g = 1,067 2 (xi x)- / & X, KY et veeaa s e e et .. [2]

where n is the number of events, Ky is the frequency factor of Y or standard-
ized normal deviate which is normmally-distributed. The frequency factor Ky
will be explained in more detail under the log-normal distribution. The data
is then plotted on extreme-value probability paper. The procedure for fitting
the distribution is similar to the log-normal distribution.

Most statistical data in hydrology form an extremely skewed frequency
distribution, but their logarithms are nearly normally distributed. The dis-
tribution of such data is a logarithmico~normal or log-normal distribution
(Chow,1954). The theoretical values for the normal, extreme value, and log~

normal distributions are calculated from the general formula:



x =x+ 58K tissirreeebeanuans e e e aaaees ‘e [3]
c y

For the log-normal distribution, log 10% is used instead of x. The
standard deviation (s) for normal and leg-normal distribution islestimated

from:

_ _=n 2
s =% (xi 7/ = xiKy ......... Ceteecaa s JP [4]

where logloxi is used instead of Xy for the log=normal distribution. The
frequency factor Ky, read from a table, corresponds to the size of the sample
or the number of years of data (n). The frequency factor Ky in this method
depends not only on the probebility (P), or return period (T), but also upon
the coefficient of variation (cv), and the coefficient of skewness (cs).
Computation of Ky for given e, and e is mathematically complicated, and for
simplicity of calculation, a normal probability function table has been pre-
pared (Chow,l1954; McGuinness and Brakensiek,1964). The Ky factors in the
table were obtained by an approximate procedure, and are used as & means of
drawing smooth curves, and do not replace, but are used as aid to, the purely
graphical procedure (Chow,1954). The smoothing procedure has the advantage
that it makes interpolation possible, and that it levels off random varia-
tions, to a certaln extent. It has the disadvantage that it may suggest an
accuracy for prediction that does not exist (8tol,1973).

The earliest uses of frequency wethods were with data of floods and
annual runoff. However, the methods can be used for a great variety of

data, including all hydrologic and weather variables {USDA~SCS,1966).

Regression and Correlation

Correlation is the process of determining the manner in which the

changes in one or more independent variables affect another (dependent)
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variable. The dependent variable is the value sought, and is to be related
to various independent variables, which will be known in advance, and which
will be physically related to the dependent variable. The function re-

lating the variables is termed the regression equation. The proportion of
the variance of the dependent variable that is explained by the regression
equation is termed the coefficient of determination, whtich is the square of
the correlation coefficient (Beard,1962; Huntsberger and Billingsley,1975).

To use a regression analysis, we must assume or know the functional form
of the relationship between the variables. This is expressed in the form of
a mathematical function, in which Y, the dependent variable, is set equal to
some expressions which depend only on X, the independent variable, and on
certain constants or parameters (Beard,1962; Huntsberger and Billingsley,
1975). Ome of the methods to arrive at the desired functiomal form is by
studying scatter diagrams, obtained by plotting the pairs of values of X and Y
as points in a plane, where Y i3 measured along the vertical axis and X along
the horizontal axis. After the points have been plotted, observation of the
diagram may reveal a pattern to the points that indicates what functional form
may be used for the purpose of the analysis.

Because of sampling variations, the observed values or points will not
all l1ie on the line, but will be scattered to some degree about the line. The
regression line is the line that joins the means of the distributions corre-
sponding to all possible values of X. RegressiOn equations, the function
relating the variables, can be linear or curvilinear, but linear regression
suffices for most applications (Beard,l962).

In a simple correlatiom, the process of determining the manner in which
the changes in one independent variable affect the dependent variable, the

linear regression equation can be written as:
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where Y 1s the dependent variable, X is the independent variable, A 1is the
regression constant or the point of intercept in Y axis, and B is the re-
gression coefficient or the slope of the regression line.

The correlation coefficient R is the square root of the coefficient of
determination Rz, which is the proportion of the variance of the dependent
variable that 1s explained by the regressiom equation. A positive correla-
tion means that as one variable increases, the other increases. A negative
correlation means that as one variable decreases, the other increases, or
vice versa. If the correlation coefficient is zero, the variables are un-~
correlated and there is mo linear assoclation between them (Huntsberger and
Billingsley,1975). In the case of simple correlationm, the coefficient of

determination can be obtained from the equation:

2 2 2 2
R (T xiyi) /' Z Xy DYy eevenesennieeinneiieiiiaae [6]

and the correlation coefficient R is the square root of R2.

A correlation coefficient of 1.0 would correspond to a coefficient of
determination of 1.0, which is the highest theoretically possible, and indi-
cates whenever the values of the independent variables are known exactly,
the corresponding value of the dependent variables can be calculated exactly
(Beard,1962).

1f we assumed that the watershed conditions are the same during the
periods of records, the regression line can be used to estimate runoff from
rainfall, since there is a relationship between rainfall and runoff (Stol,
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Temperature, Humidity, and Wind

Weather conditions have an important role in agricultural production.
The estimated anmnual crop yield losses due to various weather counditions are
summarized in Table 1. Although some of the disadvantages of weather condi-
tions can be reduced with modern technology (heavy nitrogen applications,
herbicides, pesticides, demser plant population, etc.), the role of the
weather conditions still cannot be neglected (Changnon,1974),

Meteorological variables are purely physical variables which apply only
to weather. To use them in non-meteorological applications, a means of con-
version to the applied variable must be provided so that the climatological
prediction can be transformed to the applied variable (Trent,1970). The
farmer is concerned with the relationship problem, because tillage, planting,
cultivating, harvesting, and in some cases, the processing of crops are in-
fluenced or controlled by the climate and the weather,

The climate and day-to-day weather are factors to consider in all out-
door activities, including those in agriculture, constructiom, and forestry.
Man, machinery, livestock, crops, and structures are all affected by thermal
extremes and their persistence (Trent,1970). Relative humidity is the amount
of moisture in the air as compared with the greatest amount that the air could
contain at the same temperature, expressed as percentage.

Wind is an important geological agent influencing soil eresion. It
detaches, transports, deposits, and mixes soils, and is a factor in soil
formation as well as soil erosion (Beasley,1976). Wind can also make the
rain gage reading uncertain, by the deformation effect with respect to the
rain gage itself. The effect is because wind reduces the amount of rain
caught in the receiver by blowing the rain drops upward over the edge of the

receiver (Stol,1973).



Annual Estimated Crop Yield Losses Due to Various

Table 1

Weather Conditions in the Five-State Corn Bélt Areaa

13

Average Annual Losses (bu/ac)

Western Corn
Belt (Nebraska,

Central Corn
Belt (Eastern

Eazstern Corn
Belt (Indiana,

Western Lowa) Iowa, Illinois) Chio)

Corn Beans Corn Beans Corn Beans
Hail 3.50 2.36 1.88 1.38 1.25 0.88
Wind 3.67 1.01 3.88 0.94 3.79 1.19
Drought 7.30 2.67 5.40 2.72 8.74 3.67
Excessive
Moiasture 2.71 1.60 4,88 2.59 6.94 2.83
Excessive
Heat 3.53 0.85 2.27 1.12 2.99 1,70
Excegsive
Coolness 0.30 0.33 1.47 0.37 1.51 0.73
Freeze or
Frost 1.10 0,57 0.94 0.38 1.43 0.42
Total Loss 22.11 9.39 20.72 9.50 26,65 11.42
Total as
Parcent of
Total Yield 38 32 28 31 36 38

aFrom Changnon (1974)
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The rate of evaporation or transpiration increases with the rise in
temperature as vapor pressure lncreases with increases in temperature. Wind
also increases the rate of evaporation, particularly as it disperses the
moist layer found directly over the evaporating water surface under stagnant
conditions. As might be expected, from the decreased concentration of water
molecules, which means lower humidity, evaporation increases with decreased

barometric pressure (Schwab,l966}.

Adequacy of the Length of Records

An observed frequency distribution of rainfall can be regarded as a
sample of the frequency distribution of the rainfall that would occur in an
infinitely long observation series or population. If the sample is repre-
gsentative of the population, one may expect that future observation periods
will reveal a frequency distribution similar to the observed ome. Hence, an
obgerved frequency distribution may be used for recurrence predictions.

There is no general agreement among hydrologists and engineers as to the
best method of frequency analysis for a given problem. No matter what method
is used, the length of record available for the analysis affects the reli-
ability of the final results. 1In hydrologic frequency analysis, 1t is
assumed that the observed events represent true umbiased observations, The
reliability of frequenmcy analysis increases as the length of gecord increases.
The length of record that is acceptable will depend on the return period that
is of interest for design. Estimation of an event with a recurrence interval
mich greater than the period of record involves uncertainties that may cause
considerable error. A period of record of 20 years usually produces a good
approximation for practical purposes in design of many water control struc-

tures (Chow,1953).
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Practice has been to assume that whatever frequemcy distribution was
used, was suitable for the purpose at hand. However, frequency lines may
vary considerably from sample to sample at the same station, Ox as sample
size increases. We need some criterion by which we can judge when we have
enough data for a frequency line that will remain relatively stable. This
criterion is usually based on a statistical level of significance (Mockus,
1960). Where time trends exist in the data, we may confine the data sélec-
tion to some definite period in order to improve short-term predictions.

Tt is a basic law of statistics that conclusions drawn for the popula-
tion on grounds of a sample will be increasingly reliable as the size, or in
this case, the length of records of the sample increases (Stol,1973).

One method to estimate whether the sample or the length of records is
adequate is by calculating the minimum acceptable years of record for a given
level of significance by the method of moments (Hersfield,1961). The formula,

according to Schwab (1966), is:

Y = (4.30 tloglok)z T [7]

where ¥ is the minimum acceptable years of record, t is the student's
statistical value at the known level of significance with (N-6) degrees of
freedom, N is the total mmber of events in years, and R is the ratio of the
magnitude of the 100-year event to the 2-year event.

The wvalue oé the 2-year event is a measure of the first moment, the
central tendency of the distribution. The relationship of the 100-year to the
2-year events is a measure of the second moment, the dispersion of the distri-
bution., These two parameters are used in conjunction with the return period
diagram of the magnitude versus return period for estimating values for other

return periods (Hersfield,1961),
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A 10 percent level of significance is used for the criterion, which is
about as high a level as can be used with hydrologic data. The significance
may be interpreted as meaning that nine times out of ten, on the average,
the test will be adequately representative of the long-term line (Mockus,
1960). A line failing to pass the test is either abandoned or additional
data are estimated and added using data from nearby stations in making the

estimates.
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DATA BASE

Allerton Watersheds

The Allerton watersheds consist of four small agricultural watersheds,
designated as watersheds A-1, B-1, W-1, and W-2. Watersheds A-1 and B-~1
(82 acres and 45.5 acres, respectively) are located on agricultural land
where the land use system consisted chiefly of a G-0-M-M rotation until 1959.
Watershed W-2 (63 acres), located above Tomahawk Pond, was kept in permanent
grass and legume mixture until 1959. Since 1959, most of these watersheds
have been in row crop production. Watershed W-1 (390 acres) contains the
first two smaller watersheds in addition to land under permanent grass and
woodland cover.

Watershed A-1 has 3 soil types, with Flanagan silt loam soil the dominant
one. The slopes consist of three.classes, with 0-1.5% and 1,5-4% classes the
dominant ones. This wafershed has maltiple flow patterns,

Watershed B-1 has 4 soil types, with Flanagan silt loam and Drummer
silty clay loam soils the dominant ones. The slopes comsist of two classes,
with 0-1,5% class the dominant ome. The watershed has a single flow pattern.

Watershed W-1 includes watersheds A-1l and B-1. It has 5 soil types, with
Sunbury silt loam. and Drummer silty clay loam soils the dominant omnes. The
watershed is rather compact, but with multiple flow patterns.

Watershed W-2 has 5 soil types, with Sunbury silt lcam and Catlin silt
loam soils the dominant ones, The watershed is compact, with a simple flow
pattern.

Instruments have been installed in the watersheds since 1949 for regular
measurements. The instruments consist of six recording rain gages, four

standard rain gages, four runoff stage recording gages, a hygrothermograph for
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measuring temperature and humidity, and an anemometer. The location of the

instruments in the watershéﬁs is shown in Figure 1.
Rainfall Data

The data consist of monthly and annual total rainfall, and annual maximm
intensities for various durations. The data were obtained from six recording
rain gages, two of which are installed the year-round, and the other four
which collect growing season data.

The rain gages were Friez Single Traverse Recording Rain and Snow Gages
until the early 1970's. New Bendix Reversing Traverse Gages were installed
at that time. The charts used on these rain gages are mostly l2-hour charts
with one gage having a 7-day chart. The charts are normally changed at
weekly intervals. For simplicity, a rain gage will be designated as RG.

Operation of RG-1 and RG-5 have been continuous since July and August
1949, respectiﬁely. Operation of RG-2 was for the period of April 1 to
November 1 each year from 1949 to 1953, The operation was discontinued in
June 1956 after the records were fragmentary from April 1956. The operation
of RG-3, RG-4, and RG-6 began in August 1949, for the period of April 1 to
November 1 each year. This period Is considered as growing season or summer
months data. In July 1965, RG-7 was installed, and in operation for the
summer months period. The location of RG-~7 is about 2,200 feet north of
RG-3.

The basic data were rain gage charts that were transcribed to computer
punch cards. These data were reduced and accumulated using a computer program
(Mitchell,1965) to obtain monthly total rainfall (in inches), and maximum
rainfall intensities (in inches per hour). The durations for the rainfall

intensities are 2, 5, 10, 15, 20, 30, 60, 120, 240, 360, and 720 minutes.
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RG-1 and RG-5 provide year-round data, while the others are used to
collect summer months rainfall data. The data from RG-2 and RG-7 are ex-
cluded since they’are very short records (4 years, and 7 years of records,
respectively).

The rainfall data from the individual rain gages were converted to area
rainfall by means of Thiessen weighted averages using a watershed composite
program (Mitchell,1968). The Thiessen method agsumes that the recorded rain-
fall at a station is representative of the area half-way to the adjacent sta-
tions. Each station is therefore connected with its adjacent stations by
straight lines, the perpendicular bisectors of whicﬁ form a pattern of poly-
gons. The area which each station is taken to represent is the area of its
polygon, and this area is used as a weight factor for its rainfall, The sum
of the products of station areas and rainfalls is divided by the total area
covered by all stations to get the weighted average rainfall, The area

average rainfall is computed as:

~ AlP1 + A2P2 + A3P3 F oieraas t AnPn

Y - L RN NN AN [8]
Al +'A2 +'A3 T oaee. An

where A is the station area, and P i1g the individual rainfall in that area.
The program by Mitchell (1968) accumulates rainfall using the Thiessen method
for each time increment. The individual rain gage data used with the program
provided rainfall accumulations and maximum rainfall intensities for each of

the four watersheds.

Runoff Data
The runoff data were from the four watersheds. It comsists of monthly
and maximum runoff depth for various durations, and maximum exceedance depth

for various durations.
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The runoff recording stage gages for measuring runoff from watershed
A-1 and watershed B-1 were V-notch weirs, stilling wells, and recorders,
which continuously monitor the runoff flows from the watersheds, The weirs
are l6-inch broad crested, triangular concrete weirs having 5:1 side slopes.
Each weir is equipped with a Friez Water Level Recorder model FW-1, used with
a six~hour chart, The recorders from watershed A-1 and watershed B-1 have
been in continuous operation since Augus£ and September 1949, respectively.

The outlet structure for measuring runoff from watershed W-1 consists
of a large modified two-level concrete drop-inlet spillway. The lower level
outlet has two triangular sharp edge weirs to provide accurate low flow cali-
brations. The upper level has a six by six foot pipe drop-inlet for flow at
high stage. The structure has been in continucus operation since December
1951, but the data are mostly for the period of April 1 to September 1, each
year.

The structure for measuring runoff from watershed W-2 is a tube-riser
spillway. The structure has a 2-foot square concrete riser 10.8 feet high,
and an 18-inch diameter comcrete tube 49.6 feet long laid om a 1.03 percent
slope.

The empirical equations for weir-flow control and pipe-flow comntrel,

respectively, were determined by Replogle et al (1961) to be:

3.5LH1.57 RN I BEE RN I IR B R IR IR RS B R B B B IR RN [9]

o
u

and

8.12 (h + 10.65)°°% .......... e 1O)

A2
1]

The structure has been in continuous operation since April 1950,

The basic runoff data were stage recorder charts that were transcribed
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to computer punch cards. These data were reduced and accumilated using a
computer program (Woolhiser and Saxton,1965) to obtain total monthly and
aomual runoff, and maximum runoff depths for various durations. The runoff
intensities were measured for duratioms of 1, 2, 6, 12, 24, 48, 72, 120, and
192 hours.

The monthly and annual runoff depth data are complete for watersheds
A-1, B-1, and W-2, For watershed W-1, the data were for the summer months
period, April 1 to August 31, each year. The length of records are 27 years
for watersheds A-1, and B-1, 23 years for watershed W-1, and 24 years for

watershed W-2.

Temperature, Humidity, and Wind

Temperature and relative humidity were measured using a Bendix Hygrother-
mograph Model 594 with a 7-day chart, The temperature unit consists of a
Bourdon-type thermo-element filled with alcohol. The humidity measuring unit
consists of a hygro-element (hair-element). The hair does not change uni-
formly at all percentages of humidity, and two cams are provided which change
the non~linear action of the hair to the linear action of the pen. The basic
temperature-humidity data were hygro-thermograph charts that were transcribed
to computer purnch cards. These data were reduced and accumulated using a
computer program (Mitchell,1967) to obtain daily and monthly maximum, minimum,
and average temperature and humidity. Urbana temperature and humidity data
were used for those periods where the Allerton recorder malfunctiomed.

The basic wind data and Urbana average wind data were transcribed to
computer punch cards., These data were reduced and accumulated using a com-
puter program (Mitchell,1967), that distributed the Allerton total wind dis-

tance in the same daily ratio as the Urbana daily average wind speed. Average



daily, monthly, and anmual wind speed, and monthly and annual maximum and
minimum wind speed were determined. The wind speed was measured using a

totalizing anemometer.

23
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ANALYSES AND RESULTS

Rainfall

Procedure

The rainfall data analyzed comsisted of monthly total rainfall depth,
and maximum rainfall intensities for various durations, The data were from
individual rain gages, and from each watershed.

The monthly total rainfall was divided into two different analyses
according to the data sources, i.e. analysis for full-year data, and analysis
for partial or summer-months data. The full-year data were from RG1, RGS,
and from each watershed. The summer-mouths data were from RG3, RG4, RG6, in
addition to data from RGl and RG5. The basic data are presented in Appendix A,
Tables Al through A9. Urbana rainfall data are presented in Table AlQ.

The maximum rainfall intensities for various durations were from RGI1,

RG5, and from the four watersheds. The basic data are presented in Appendix A,
Tables All through Al6.

The analysis for the monthly total and rainfall intensities was made
using the log-normal distribution described by McGuinness and Brakensiek (1964),
which 1s summarized in Appendix Bl. The plotting position used in the analysis

is the method recommended by Chow (1953), using the Weibull formula:
T=(m+1)/m iieiiriricienisarnaans veseacimemanenn een [11}

where T is the return period for the series in years, n is the number of

years of record, and m is the rank of the data in decreasing order.
Computer programs were used in computing the descriptive statistics of

the data, i.e. the logarithm-mean, and the standard deviation (s). The pro-

gram list is presented in Appendix B2, The fitting equation is:
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10g10x = loglox + sKy resacevaanaaans tesasaeeas cvoea {12]

For drawing the lines of best fit; see the corresponding descriptive
statistics for the data in Appendix B, Table B2, and the frequency factors
K,y in Table Bl.

Rainfall is measured at certain points. It is likely that the rainfall
in the vicinity of a point measurement is approximately the same everywhere,
but farther away from the point, this may not be true (S5tol,1973). Since the
data are from a number of individual rain gages, they were tested to determine
if differences exist among those data. The purpose of the test is to deter-
mine whether the data from the gages can be combined or not.

The test may be made using the t-test for a selected level of significance.
The procedure for a paired comparison test method is summarized in Appendix
Cl and C2. 1If the calculated t falls in the rejection regiom R, we reject
the null hypotheses that there is no difference in the two sets of data, in
favor of the alternmative hypotheses that the data are statistically different,
and vice versa. Depending on the level of significance selected, the dif-
ference can be significant or highly significant (for 5% and 1% level of
significance, respectively). If statistically there is no difference, the
data can then be combined. If there is any difference, the data should be
treated separately or individually.

Results and Discussion

RG-1 and RG-5 provided year-round data, both for monthly and annual total
rainfall (Appendix A, Tables Al and A2), and rainfall intensities for various
durations (Appendix A, Tables All and Al12). RG-3, RG-4, and RG-6 provided
monthly total rainfall for the growing season April to October (Appendix A,

Tables A3, A4, and A5). The calculated descriptive statistics for the monthly
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and annual total rainfall for the rain gages are presented in Appendix B,
Table B2. Using the step by step procedure for fitting the log-normal fre-
quency distribution (Appendix B1), the log-probability curves for the above
data were constructed (Appendix D, Figures DLl through D3).

The curves show that they are similar in many respects for each corre-
sponding month, but they do not have a specific pattern from month to month.

The test for differences among the above data reveals that statistically
there is mo difference between RG-1 and RG-5 data, for monthly and annual
total rainfall. Testing RG-1 to Urbana data, and RG-~5 to Urbama data, the
results indicated that the data are significantly or highly significantly
different (Appendix C, Table Cl). These differences are probably caused by
the difference in locality. Also, the Urbana weather condition is affected
by urban activities while Allerton watersheds are not.

Since RG-1 and RG-5 monthly and annual total rainfall data are statis-
tically the same, the data can be combined, The combined log-probability
curves for the non-growing season monthly total rainfall, and annual rainfall
are presented in Figure 2.

The tests for differences among the summer months data from RG-1, RG-3,
RG-4, RG-5, and RG-6 reveal that statistically there are no differences
(Appendix C, Table C2). Thus, the data from these rain gages for monthly
total summer months can be combined. The descriptive statistics for the
combined data are presented in Appendix B, Table B2, and the combined log-
probability curves are presented in Figure 3.

For most of the data, the monthly total rainfall for January and
December have zero values in their series. Since the logarithm of zero is
unde fined, the log-normal distribution method of anmalysis does not apply for

these months., The January and December data were excluded for the analysis

of monthly total rainfall.
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The descriptive statistics for the rainfall intensities for wvarious
durations are presented in Appendix B, Table B3. The constructed log-
probability curves for RG-1 and RG-5 are presented in Appendix D, Figures
D6 and D7.

Testing the RG-1 and RG-5 data for rainfall intensities for various
durations reveals that statistically there is no difference between the two
sets of data (Appendix C, Table C4). Thus, RG-1 and RG-5 rainfall intensities
data can be combined. The combined log-probability curves are presented in
Appendix D, Figure D8, and the corresponding rainfall intensity-duration-
frequency curves are presented in Figure 4,

A rainfall measurement is a point observation and may not a priori be
representative of the area., Usually area rainfalls have a smaller variability
than point rainfalls. For high return periods, this results in area rainfalls
which are smaller than point rainfalls, and vice versa (Stol,1973). However,
area rainfalls will differ less from point rainfalls if the duration is taken
longer. Therefore, mean rainfalls taken over long periods will be approxi-
mately equal for points and for areas, if the area is homogeneous with respect
to rainfall.

The Thiessen method which was used to develop watershed rainfall data,
agsumes that the recorded rainfall in a statiom 1s representative of the area
halfway to the adjacent station. The Thiessen method can be used when the
stations are not evenly distributed over the area, and is restricted in use
to relatively flat areas, which applies to the Allerton watersheds.

The log-probability curves for monthly and annual total rainfall for
each watershed were constructed using the descriptive statisties (Appendix B,
Table B2), and are presented in Appendix D, Figures D9 through D12, Comparing

the curves visually, the log-probability curves have the same patterm for
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each corresponding month, and the annual total rainfall.

Testing these monthly and annual total rainfall data from the four water-
sheds (Appendix C, Table Cl) revealed that only 7 out of 78 tests data or
about 9 percent are significantly or highly significantly different. It
gseems that involving the area in the weighted average by means of the
Thiessen method does not enlarge the differemces that already exist. Testing
the RG-1 and RG-5 with each watershed (Appendix C, Table C3) reveal that only
17 out of 104 tests or about 16 percent are significantly or highly signifi-
cantly different. The watersheds data are origimally rain gage data converted
to watershed data. From the previous tests among the rain gages, we know that
there is statistically no difference. If we assume that we may accept a 16
percent difference, then we can say that the average of RG-1 and RG~5> for non-
growing monthly and annual total rainfall (Figure 2), and average of RG-1,
RG-3, RG-4, RG-5, and RG-6.for growing season monthly total rainfall (Figure 3)
can be considered as representative of the monthly and annual total rainfall
for the Allerton watersheds.

The descriptive statistics for rainfall intemsities for each watershed
are presented in Appendix B, Table B3, The constructed log-probability curves
are presented in Appendix D, Figures D13 through D16, The corresponding.rain-
fall intensity-duration-frequency curves are presented in Figures 5, 6, 7, and
8 for watersheds A-1, B-1, W-1, and W-2, respectively.

Testing the rainfall intensities data from the watersheds reveal that 34
out of 66 tests (Appendix C, Table C4) are significantly or highly signifi-
cantly different. This indicates that the watersheds data for the rainfall
intensities should be treated individually. The watersheds rainfall intensity
data were originally rain gage data. Evidently, combining rain gage data by

area and time increment enlarges the differences that already exist. Testing
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the RG-1 and RG-5 rainfall intensity with the watersheds data revealed that
25 out of 88 tests or about 28 percent are significantly or highly signifi-
cantly different, The same reason for these differences applies.

From the rainfall intensity-duration-frequency curves for the watersheds,
we can estimate that for watershed A-1, the 2-year event and 100-year event
have the values of 5.4 and 13 inches per hour for 2-minute duration, respec-
tively, and 1.9 and 4.4 inches per hour for 720-minute durations, respectively.
For watershed B-1, these values are 5.2 and 12 inches per hour for 2-minute
duration, and 1.9 and 4.6 inches per hour for 720-minute durgtion, respectively.
For watershed W-1, these values are 4.2 and 14 inches per hour for 2-minute
duration, and 1.8 and 4.5 inches per hour for 720-minute duration. For water-
shed W-2, these values are 6 and 12 inches per hour for 2-minute duration,

and 1.9 and 4.6 inches per hour for 720-minute durationm.

Runoff

Procedure

The data used in this study were the annual exceedance runoff depth for
various duratioms. Many of the lower depths in the annual maximm series
have values of practically zero (Appendix A, Tables Al8 through A21),
The data were from each watershed. These low values cause the standard
deviations to be very high, making a frequency study using the anmual maximum
series for the runoff impractical. Thus, for the study, we used the annual
exceedance data for duratioms from l-hour to 192 hours (Appendix A, Tables
A22 through A25).

The purpose of the study was to determine, within reasonable limits, the
rates of runoff that can be expected during certain durations for various

return periods. If a runoff depth-duration-frequency relationship can be

0
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reasonably defined, then the relationship may be used to select a runoff

rate for the most critical duration period and design frequency (Kohnke,1961).
The procedure used is the same as that used in the rainfall studies, i.e.
using the log-normal frequemcy distribution method described by McGuinness

and Brakensiek (1964).

Regults and Discussion

The basic data for the annual exceedance runoff for l-hour to 192-hour
durations are presented in Appendix A, Tables A22 through A25 for the four
watersheds.

The descriptive statistics are presented in Appendix B, Table B4, The
log-probability curves are presented in Appendix D, Figures D17 through D20.
The corresponding runoff depth=frequency for yarious durations, where the
depth is plotted against the durations for return periods from 2 to 100-years,
are presented in Figures 9 through 12 for the four watersheds.

Examination of Figures 9 through 12 show that the results for the four
watersheds are similar in many respects, For the durations of l-hour and 192-
hour, the runoff depths for the watersheds fall within a range of 0.15 to
0.23 inch, and 1.0 to 1.3 inches, respectively, for 2-year return period. For
100-year return period, the values for l-hour and 192-hour durations are 0.8
to 1.2 inches, and 3.2 to 5.0 inches, respectively.

Although in general the results of the analysis are similar on the four
watersheds, some differences exist. There are a number of possible reasons
for this, including variations in soil, the type and extent of farming
practices and vegetative cover, the degree to which topsoil has been removed
by erosion, and other factors.

To know whether the differences are just chances or statistically dif-

ferent, the data were tested using the t-test. The tests (Appendix C,
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Table C5) shows that the basic data from the four watersheds ére statistically
different, for most of the durations. Thus, it is obvious that the runoff
exceedances data should be treated individually for each watershed. Most of
the differences are probably because each watershed has different dominant
soil types.

The differences between watersheds A-l and B-1 runmoff are probably
because of soils, topography, size and shape of the watersheds. Watershed A-1
hag more slope classes than watershed B-1, but watershed A-1 has less soil
types than watershed B-1., Also watershed A-1 has multiple patterns of flow,
while watershed B-1 has a single pattern and is more compact.

The differences between watersheds A-1 and W-1 are probably because
watershed A-1 is only a small part of watershed W-1, which contains both
watersheds A-1 and B-1. Watershed W-1 runoff includes the accumulation of
the tile flow from watersheds A-1 and B-1, The individual watershed has its
own characteristics and agricultural practices. Similar reasons would apply
to differences between watersheds B-1 and W-1,

The differences between watersheds A-1 and W-2 are probably because those
two watersheds had different cropping practices from 1949 to 1959, although
gince 1959 they have similar cropping practices. Similar reasons would apply
to differences between watersheds B-1 and W-2.

The differences between watersheds W-1 and W-2 are probably because
watershed W-1 runoff includes the accumulation of tile flow from watersheds
A-1 and B-1l, while watershed W-2 i{s a single watershed with surface runoff.

As can be seen in Figures 9 to 12, and Appendix D, Figures D17 to D20,
the curves for the longer durations (48-hour to 192-hour durations) are much
higher for watershed W-1 than the other three watersheds. For watershed W-1,

the curves show a stable rate of increase in depth with the increase in
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duration, while the other watersheds have a declining rate of increase in
depth with an increase in duratiom.

| Watershed A-1, B-1, and W-2 runoffs are surface flow which are much
affected by the rainfall intensity and duration. With the decrease in in-
tensity for longer durations, the surface runoff depths in these watersheds
will decrease with longer durations. Watershed W-1 is a much larger watershed
and hence a longer time of concentration. Also W-1 runcff has tile flow as
well as surface runoff. The runoff depth is not directly affected by the

decrease in rainfall intensity for longer durations.

Rainfall-Runoff Correlation

Procedure

The regression constant A, and regression coefficient B were caleculated
using the procedure in Appendix El, These values were used to draw the lines
of the best fit for each watershed. The correlation coefficient R, which is
the square root of the coefficient of determination Rz, was also calculated
as shown in Appendix El.

There are two methods in testing the limits of the correlation cﬁeffi-
cient R for rainfall-runoff relationships; the first method uses the confidence
intervals for R, and the second uses three standard deviations of R on both
gides of R (Snedecor,1956).

For the first method, the calculated R is compared with the R-table for
(n-2) degrees of freedom for a certain level of significance. If the ecalcu-
lated R is higher, then we can infer that there is a linear relationship
between the rainfall and runoff. If the calculated R is smaller, then we can
infer that there is no relationship.

For the second method, the standard deviation of R is:

s_= (1 - R2)/ﬁ ....... e T [13)
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where Sr is the standard deviation of R, and n is the number of events. The
limits are (R + 3Sr)' If both limits (R - SSr) and (R + BSr) are of the same
gign as R, it is considered that R 1is statistically different from zero. If
the limits have different signs, them R is not considered different from
zero; in other words, there is no relationship between rainfall and runoff
in that watershed {(Chow,1964),

The simple linear regression analysis by the method of least squares
used in this study was dome by use of a computex program (Appendix E2). The
basic data for anmual total rainfall and runoff, and for summer months rain-
fall and runoff are presented in Appendix A, Tables A6 through A9 and Table

Al? L]

Results and Discussion

The value of a rainfall-runoff relatiomship is to extend the length of
runoff records from rainfall records. The varying wateréhed conditions that
can exist with identical rainfall makes it logical to assume there cannot be
a simple two-variable correlation between rainfall and runoff. The rainfall-
runcff study conducted, assumed that the watershed conditions are the same
during the period of record, and that the effects of some variables were
neglected.

The simple linear regression analysis revealed that there is a linear
relationship between the total annual rainfall and runoff for watersheds A-1,
B-l, and W-2, and between the total summer-months rainfall and runoff for
watershed W-1 (Appendix E, Table E1), The lines of the best fit for the
relationship for each watershed with the corresponding descriptive statisties
for each watershed are presented in Figures 13 to 16.

The correlation coefficient R for the four watersheds range from 0.5297
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to 0.7005. The correlation coefficient is the statistical parameter for
measuring the degree of assoclation of the two linearly dependent variables.

The coefficient of determination R2 of 0.4165 for watershed A-1 (Figure
14) indicates that 41 percent of the variance is accounted for, and 59 per-
cent umaccounted for, which is the error variance. The standard error is
the square root of 59 percent or 77 percent, which is the percentage of the
original standard deviation of the dependent variable. Thus, with a co-
efficient of determination of 0.4165 (or correlation coefficient of 0.6454),
the average error of estimate would be 77 percent of the average errors of
estimate based simply on the mean observed value of the dependent variable
without a regressionm analysis.

For watersheds B-1, W-1, and W-2 with coefficients of determination of
0.4907, 0.2806, and 0.4322, respectively (Figures 14, 15, and 16}, the average
error of estimates would be 71 percent, 85 percent, and 75 percent, respec-
tively., These average error of estimate percentages indicate that the corre-
lation between the total rainfall and runoff are very poor. Thus, the corre-
lation may be used only for rough estimate of rumoff from rainfall.

From the regression lines, we can conclude that for watershed A-l
(Figure 13) runoff occurs when the total annual rainfall exceeds 25 inches,
for watershed B-1 (Figure 14) when annual rainfall exceeds 23 inches, and for
watershed W-2 (Figure 16) when annual rainfall exceeds 22 inches. For water-
shed W~1 (Figure 15) runoff will occur when the total summer months rainfall
exceeds 6 inches. For watershed W-1, the situation is different from the
other three watersheds. The runoff in watershed W-1 includes tile flow in
addition to surface runoff from watersheds A-1 and B-l. Also, some of the
runoff is probably caused by the snow melt in spriang, even when annual rainfall

wasg low.
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Testing the regregsion lines among the watersheds rainfall-runoff rela-
tionships (Appendix E, Table E2) reveal that statigtically there is no dif-
ference for the four regression coefficients. This indicates that once the
runoff began on each watershed, they have the same trend as the rainfall in-
creases,

Testing the regression constants A using the same procadure as for the
regression coefficient B (Appendix E, Table E2) reveal that the differences
among them are highly significent. There are a number of reasons for this;
those caused by the variatioms fn soil, the type and extent of farming prac-
tices, and the degree to which topsoil has been removed by erosion, and other
factors. Thus, the differences in the points of intercept are probably caused
by the differences in time needed to reach the saturation point of each soil,

especially for watersheds A-1, B-1, and W-2.

Temperature, Humidity, and Wind

Procedure

Using the same methods as for rainfall data, the log-probability curves
for minimmm and maximm temperature, humidity, and wind speed were constructed,
The basic data used in the study are presented in Appendix A, Tables A2¢
through A31. The descriptive statistics for these data are presented in

Appendix B, Table BS.

Results and Discusgion

The constructed log-probability curves for the minimum and maximum daily
average temperature, humidity, and wind speed for each month are presented in
Appendix D, Figures D21 through D32.

From these curves, some inferences can be made. The highest temperatures

for 2-year and 100-year return periods are 94°F and 108°F, respectively, which
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occur in July and June. The lowest minimum temperatures for Z-year and 100-
year return periods are -53°F and -8°F, respectively, which occur in January.

The meximum humidity, which is 100 percent, occurs mostly at the 4-year
return period for each month. For the 2-year return period, the maximm
humidity is 98 percemt and occurs every month each year. The lowest minimum
humidities are 17 percent and 3 percent, for the 2-year and 100-year return
periocds, respectively, and both occur in October.

The highest maximum wind speeds are 16 miles per hour and 54 miles per
hour for 2-year and 100-year return periods, respectively, which occur in
February. The lowest minimum wind speeds are 1.8 miles per hour and zero,
for 2-year and 100-year return periods, respectively, and both occur almost
each month through the year.

The maximum and minimum temperature, humidity, and wind speed for each

month are presented as dlagrams in Figures 17, 18, and 19, respectively.

Adequacy of the Length of Records

The method of moments by Mockus (Mockus,1960; Hersfield,1961; Schwab
et al,1966) was used to test the adequacy of the length of record, The re-
sults of these tests are presented in Appendix F, Tables Fl through F5, and
are summarized in Table 2.

The results of the tests reveal that most of the monthly total rainfall
data are inadequate in the length of records. For annual total rainfall
(RG-1 and RG-5, and watersheds data), the tests reveal that they are adequate
in the length of records.

For annual maximum rainfall intensities, the tests reveal that those

data are adequate in the length of records, both for rain gage data and water-

shed data.
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Summary of the Adequacy of the Length of Record Tests

Table 2
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Length of Record (Years)

Source of Data Minimpum Remark
Available Acceptable

Rain Gage Monthly

Rainfall:

RG-1 (full-year) 26 9-68 inadequate

RG-5 (full-year) 26 9-100 inadequate

RG-3 (growing season) 25 23-70 inadequate

RG-4 (growing season) 25 26-84 inadequate

RG-6 (growing season) 26 24-76 inadequate

Watershed Monthly and

Annual Rainfall:

A-1 26 9-100 inadequate

B-1 26 9-100 inadequate

W-1 26 9-104 inadequate

w-2 26 9-101 inadequate

Annual Maximum Rainfall

Intensity: '

RG-1 27 12-19 adequate

RG~5 27 14-20 adequate

Watershed A-1 27 9-17 adequate

Watershed B-1 27 13-15 adequate

Watershed W-1 27 10-24 adequate

Watershed W-2 27 9-17 adequate

Anmual Maximum

Exceedances Runoff:

Watershed A-1 27 17-27 adequate

Watershed B-1 27 21-27 adequate

Watershed W-1 23 26-32 inadequate

Watershed W-2 24 16-24 adequate

Other Weather Data:

Maximum Temperature 15 7-9 adequate

Maximum Humidity 15 6 adequate

Maximm Wind Speed 20 8-23 adequate to

inadequate
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For annual maximum exceedances runoff data, the tests reveal that the
data are adequate in the length of records, except for watershed W-1 which
is the summer months data.

For maximum temperature, meximum humidity, and maximum wind speed, the
tests reveal that the data are adequate in the length of records. The minimum
temperature, minimum humidity, and minimm wind speed are not tested, becausge
the test only applies to the data that is increasing with the longer return
period.

The frequency distribution of the data series is only an estimate of the
frequency distribution of the population, or the probability distributiom. The
degree to which an estimate can deviate from the population value iz dependent
on the sample size: the larger the sample, the smaller the deviation tends
to be.

In the method we use in this study for fitting the distribution, the
deviation from the population is designated as the standard deviation s. The
larger the s, the steeper the slope. Since we used the method of moments for
testing the adequacy of the length of record, the larger the s, the steeper the
slope and the larger the ratio of 100-year event to the 2-year event. Thus, it
will require the minimum acceptable years of record to be longer., The large
standard deviation was caused by the wide range between the largest value and
the smallest valuye in the data series, Thus, the wider the range in the data

series, the longer the data needs to be recorded.
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SUMMARY AND CONCLUSIONS

In this study, various hydrologic data were analyzed. They are rainfall
depth (monthly and annual total), rainfall intensity for durations ranging
from 2 minutes to.720 minutes, and runoff exceedance depths for durations
ranging from 1 hour to 192 hours. In additionm, maximm and minimum temper-
ature, humidity, and wind speed were analyzed.

The rainfall data were from individual rain gages (for full-year and
partial-year), and from individual watersheds. The watershed rainfall data
were rain gage data converted by means of a Thiessen weighted average pro-
cedure. The runoff data were from the individual watersheds.

The data were tested among each other to see if there were differences.
The test for monthly and annual total rainfall reveal that there are no dif-
'ferences among the rain gage data, among the watershed data, and between RG-1
and RG-5 and watershed data., This means that the monthly and amnual total
rainfall are from a homogeneous population.

The log probability curves from the average of RG-1 and RG-5 (Figure 2)
are representative for the non-growing season monthly total and annual total
rainfall for the Allerton watersheds. The log-probability curves from the
average of RG-1, RG-3, RG-4, RG-5, and RG-6 (Figure 3) are representative for
the growing season monthly total rainfall.

The test for the rainfall intensity data reveals that there are no dif-
ferences between RG~1 and RG~5 data, but significant differences exist between
RG-1 and RG-5 and watershed data, and among the watersheds. The rainfall
intensity-duration-frequency curves for RG-1 and RG-5 are from homogeneous
population and are representative for the Allerton watersheds (Figure 4). The

differences between RG-1 and RG-5 and watershed data occur because combining
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the rain gage data by area and time increment enlarges the differences that
already exist. The individual watershed rainfall intensity-duration-frequency
curves are presented in Figure 5, Figure 6, Figure 7, and Figure 8.

The test for runoff depth for various durations reveal that the indi-
vidual watershed data are different from each other, which means that the
watersheds have different runoff producing characteristics,

The study on the relationships between annual rainfall and ﬁnnual runcff
for watersheds A-1, B-1, and W-2, and between summer months rainfall and
summe T months runoff from watershed W-1 reveal that there are linear rela-
tionships. However, the correlations are very poor when considering the
standard error. The correlations can only be used for rough estimates of
runcff from vainfall data.

The temperature, humidity, and wind speed analysis are summarized in
Figures 17 through 19.

The tests for the adequacy of the length of records reveal that most of

the data are adequate, except for monthly total rainfall.
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TABLE a1

MONTHLY AND ANNUAL TOPAL RALNFALL {IN), RG-1

YEAR JAN FEB HAR APR MAY JUN J UL ANG SEP OCT NOV

1950 5.83 2.92 1.28 4.13 1.35 4,45 2.45 1.97 2.42 2.04 2.33
1951 1.53 5.03 3.01 4,07 3.19 5.47 5.68 5.26 2.80 2.72 1.17
1952 1.86 1.4p 3.33 5.23 3.74 5,13 1.76 2.85 1.59 1.25 2.66
1953  1.48 1,92 6.20 V.42 1.86 5.23 3.65 1.26 0.72 2.05 0.60
1954 1.29 0.96 1.65 4,20 3,38 1.5%1 2.72 6.01 0.44 3.92 0.35
1255 2.75 2.55 1.23 3.04 4,56 3.82 u4.45 1.12 3.28 8.69 1.52
1956 0.32 1.94 0.61 3.26 3,43 2.18 5.72 3.84 0.44 0.63 2.7
1957  1.51 1.83 1.23 7.07 4.481 7.47 1,97 1.11 1.65 2.95 2.97
1958 1.33 0.37 0.99 2.07 5.83 6.14 7.41 0.77 3.92 0.55 4.47
1959 2.20 2.52 3.19 2.77 3.64 0.97 1.47 1.43 .61 3.53 2.41
1960 1.28 1.45 0.69 2.86 3.66 5.64 2,10 1.13 2.62 1.%3 2.52
1961 0.00 1.59 2.99 4.54 5,26 #4.86 3.09 2,12 3.84 3.59 3,20
1962 3.27 1.03 2.22 1.84% 4,42 1,73 5,23 2.64 .88 1.45 1,22
1963  0.50 0.36 4.67 3.39 0.69 0.83 3.33 5.45 9.22 1.86 1.61
1964 1.46 0.86 3.83 8.20 0.46 4.02 3.61 2.52 2.20 0.00 13.47
1965 3.15 t.07 2.10 5.27 1.70 3.9% 3.13 5.90 7.04 1.21 1.00
1966 0.22 2.06 1.09 4,59 2.20 1.01 2.34 2.58 5.95 1.64 3.69
1967 2.52 1.06 2.49 1.74 5.40 2.65 2.74 2.75 2.75 4.11 2.11
1968 2.11 1.46 1,35 3.77 6.76 6.10 2.18 1.27 2.34% 0.26 4.29
1969 3.00 1.02 0.40 3.29 1.46 1.09 3.08 1.84% 6.93 4,93 2.73
1970 0.02 0.53 1.75 6.69 1.80 5.15 2.70 2.08 6.38 2.66 1.02
1971 0,00 2.54 1.03 0.66 2.99 3.19 9.93 1.70 5.62 1.45 1.63
1972 0.48 0.50 2.86 5.93 2.11 1.97 1.51 3.89 7.32 1.35 4.33
1973 1.43 0.53 7.20 2.78 3.15 8.92 7T.44 1,11 2.58 2.99 2.73
1974  3.65 3.17 2.75% 4.05 7.61 8.31 1.49 7.34 1.63 1.50 3.90
1975 3.39 1.06 2.61 3.23 3.87 4.76 4.55 7.36 3.10 2.52 2,34

DEC

ANN

0.62
1.67
1.16
1.09
1.38
0. 26
2.22
4,09
0.59
2.03
0.91
2. 26
¢.00
0.40
1.45
2.6hH
3.73
6416
1.67
0.55
.69
71.20
5.54
2.82
2.786
2.75

31.79
41.60
32.02
27.44
27.81
37.27
26.76
3do 26
34.44
29.17
26.79
37.34
26.913
23.21
32.048
368. 14
31.10
3o, Uy
33.65
30.49
31.42
38,03
37.749
43.6048
48,32
42.490
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TABLE A2

MONTHLY AND ANNUAL 'POTAL RALNKFALL (IN), RG-5

YEAR JAN FEB MAR APH MAY JUN JUL AUG SEP acT NOV DEC ANN

1950 5.46 2,97 1,32 4,12 1,28 4.17 2.13 1.68 2,73 1.74 2.11 0.76 30.47
1951 1.02 4.99 2.82 4.09 3.58 5.73 5.47 5.07 3.06 2.61 1.32 1.64 41.40
1952 1.89 1,42 3.33 5.29 3.64 5.13 1.64 2.72 1.27 t.16 2,73 1.20 31.42
1853 1.47 1.89 6.27 1.57 1.51 4.98 3.31 1.20 O.e64 1.89 0.53 1.35 26.61
1954 1,27 0.96 1.74 3,93 3.24 1,27 2.80 5.95 0.53 4,16 0.40 1.42 27.73
1955 2.68 2.56 1.36 3,01 4.55 4.01 4.47 0.99 3,27 48,83 1.53 0.21 37.47
1956 0.25 1.70 0.43 3.16 2.88 2.02 #4.67 3.94 0,47 0.66 2.15 2.07 24.4¢
1957 1.31 1.72 1.28 6.77 4.60 7.29 2.07 0.395 1.81 2.78 2.41 4.04 37.03
1958 1.33 0.37 0.97 1.94 4,90 6.34 7.17 U.b67 3.88 0.53 4.24 0.51 32.91
1959 2,16 2.52 3.40 2.73 3.59 0.96 1.39 1.52 3.52 3.50 2.37 1,95 29.a1
1960 1.29 1.60 1.02 2.87 3.86 6.30 2.13 1.10 2.31 1.96 2.50 1.06 28.00
1961 0.00 1.5% 2.81 4,54 5,26 4,86 2,80 2.23 3.7% 3.48 3.22 1.95 36.49
1962 3.13 1.03 2.22 1.66 6.843 2.00 5.03 2.62 1.89 7%v.44 1.30 0¢.00 28.75
1963 0.50 0.50 6,50 2.24 0.87 1.04 3,64 3.64 0.8 1.17 1,73 0.58 22.59
1964 1,45 0.69 3.88 8.33 0.50 4.28 3.78 2.71 2.53 0.4 3.60 1.33 33.14
1965 3.28 1.12 1.99 4.5% 2.16 4.01 3.39 6.21 7.1 1.23 1.15 2.6 38,81
1966 0.2t 2.02 1.33 4.86 2.07 1.19 1.899 2.48 6.25 1.17 4.06 3.86 31.49
1967 3.02 1.%1 2.35 1.72 5,24 2.37 3.15 3.09 2.52 4,09 1,78 &.26 36,70
1968 1.40 1.56 1.20 3.38 6.917 5.96 2.16 1.58 2.24 0.18 4.15 1,74 32,45
1969 2.61 0.98 1.22 4.03 1.49 0.97 2.94 1.52 €.97 5.12 2.73 0.66 31.34
1970 0,02 0.52 1,39 6.36 1.88 1,97 2,96 2.18 o0.36 2.53 0.91 0.9 30.77
1971 0.00 2.77 .32 O0.e6 3.08 3.3%1 10.09 1.47 5.53 1.35 1.37 7.42 38.37
1972 0.39 0.55 2.98 5.70 2.23 2.02 1.40 4,16 7.51 1.82 3,72 5.43 38.19
1973 1.56 0.73 8.99 6.15 3.15 9.28 6.86 0,96 2.94 2.96 2,64 2,88 H49.04
1974  1.96 3.02 3.5 4.7% 8.63 8.89 1.43 6.64 1.54 1.35 3.96 2.90 48.65
1975 4.20 2.1%16 2.50 2,98 3,72 4,33 3.98 6.37 2,78 2.12 2.38 2,75 40.27
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TABLE A3
HONTHLY TOTAL RAINFALL (APRIL-OCTOBER)

RG~3

YEAR APR NAY JUN JUL AOG SEP oCT

1950 4.132 1.30 #4.17 2.26 1.67 2.66 1.83
1351 4.22 3.11 5.62 5.46 5.13 2.70 2.66
1352 5,04 3.50 4.93 1.587 2.96 1.53 1.23
1953 1.29 1.71 5.10 2.98 1.19 0.57 1.95
1354 3.99 3.17 1.34. 2.54 5.87 0.44 3.92
1955 1.97 4.46 4.01 4,22 1.51 3.18 4d.64
1956 2.99 3.26 2.09 5.09 4.24 0.52 0.65
1957 6.57 4.36 "7.45 2,07 1.07 0.98 3.26
1958 1.32 4,89 5.92 7.42 0.67 3.9t 0.38
1959 2.89 3.51 ©.90 1.51 1.03 3.50 3.29
1960 2,82 3.64 5.88 2.00 0.98 2.48 1.62
1361 3.99 5.13 3.81 3.04 2.14 3.67 3.15
1962 2.47 3.74 1.37 4.58 2.28 1.86 1.20
1963 2.22 0.90 2.26 4.32 5.34 0.32 0.99
1964 9,55 0.58 5.20 3.76 2.57 2.35 0.17
1965 5.09° 1.77 4.02 3.07 5.88 6.85 1.17
1966 4.81 2.47 1.10 2.42 2.58 5.88 1.65
1967 2.39 4.79 2.38 2.60 2.72 2.63 3.91
1968 3.54 6.48 5.85 2.25 1.49 2,12 0.21
1969 6.00 1.38 1.14 3,04 2,12 6.92 4.74
1370 5.70 1.80¢ 4.98 2.70 2.07 5.87 2.47
1971 0.71 2.886 3.01 9.50 1.40 5.28 1.44
1972 4.71 6.69 2.08 13.56 3.64 6.67 1.92
19374 4.02 7.19 8.31 1.648 7.59 0.82 1.63
1375 3.1t 3.92 4,79 4.4 7.26 3.15 2.52




TABLE A4
HONTHLY TOTAL RAINFALL (APRIL-OCTOBER)
RG-~4

YEAR APR MAY = JUN JUL AUG SEP ocT
1950  4.04 1.22 4.33 2.62 i.96 2.45 1,97
1951 4,048 3,17 5.76 5.19 5.44  3.03 2.53
1932 3.89 3.55 u4.34 1.71 2.80 3.20 1.19
19353 1,57 1.50 4.87 2.66 0.98 0.58 1.79
1954 4,10 3.12 1.30 2.44 5.38 0.43 3.61
1935 3.41 4.45 4.00 4,18 0.91 3.24 7.50
1956 3.00 3.23 2.02 5.09 4.26 0.42 0.62
1957 6.62 4,40 7,28 2.18 1.03 1.28 2.78
13358 1.26 5.17 6.22 7.%1 0.78 3.99 0.42
1959 2.89 3.61 0.80 1.44 t.24 3.33 3.52
1960 2,89 3.80 5.95 2.07 1.05 2.46 1.87
1961 4.248 5,11 u4.26 2.82 2.21 3.92 3.14
1962 2,97 3.77 1.50 4,32 1.90 1.23 1.389
1963  2.22 0.90 2.26 2.01 4.70 0.28 Q.84 _
1964 5.85 0.49 4,75 3.23 2.66 0.21 0.16
1965 4.81 1.35 3.72 2.83 6.14 5.70 1.96
1967  1.84 S.44 2.52 3.07 3.06 2.61 4,12
1968 3.31 S.68 5.91 2,23 1.42  2.24 90.22
1969 6.00 1.51 1.20 13.12 1.70 6.99 4.88
197¢ 5.58 2.23 5.17 2.64 2.09 6,14  2.5(
1971 0.72 2.88 3.04 9.47 1.31 5.19 1.50
1972 S.43 2,32 1,93 1.78 4.23 7.44 1,53
1973 4.80 6.44 4,72 6.69 1.08 2.63 2.91
1974 4.30 7.58 8.31 1.26 .33 1.34 1.30

3.1 4035 4.51 4.38 6.01 2.76 2.3%

1975
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YONTHLY TOTAL

TABLE

A5

RAINFALL (APRIL-OCTOBER)

RG-6

YEAR APR MAY JUN JUL AUG SEP uCT

1350 3.98 1.36 4.u¢0 2.36 1.66 2.39 1.30
1331 3.91 3.483 5_39 5.63 4.99 2,70 2.59
1352 3.82 3.21 5.11 1.50 2.72 1.55 1.15
1933 1.57 1.56 4.80 3.33  1.21 0.61 1.83
1958 3.74 3.15 1.47 2.86 5.70 0.45 4.04
1955  2.94 4.39 3_g5 4.49  1.07 3.17 10.33
1956 2.35 2.92 2.02 4.67 3.94 0.39 0.58
1957 6.58 4.25 6.83 2.02 1.12 1.74 2.66
1958 1.72 4.73 4,97 7.22 0.81 4.22 0.47
1959  2.82 3.59 1.04 .49 1.70 3.70 3.53
19360 2.92 3.93 5,99 2.16 1.01 2.30 1.93
1961 3.66 5.35 4.gg 3.25 2.42 3.88 3.25
1962 2,97 4,55 32.07 5.36 2.83 2.19 1.33
1963 2.22 0.86 0.92 3.16 4.23 0.18 0.65
1964 5,03 0.49 4.09 3.82 2.35 2.25 0.17
1965 3.28 1.75 3.s51 2.59 5.30 6.90 1.16
1966 4.93 2,37 1.09 2.61 2.74 4.90 1.73
1967 2.59 4.66 2.13% 2.78  2.92 2,75 3.5
1968 3.61 7.02 6.27 2.32 1.37 2.22 0.19
1969 6.00 1.60 1.29 3.9 1.92 6.82 4.95
1970 5.58 1.72 4.88 2.78 2.09 5.92 2.45
1971 0.75 2.86 3.15 9.79 1.43 4.96 1.24
1972 5.56 2.53 1.98 1.5 3.66 7.47 1.5%
1973 4.23 2.96 4.92 6.90 0.92 2.62 2.53
1974 4,49 7.97 8.37 1.43  6.42 1.49 1,24
1975 2.85 3.95 13.99 4.60 6.93 3.10 2.23




TABLE &6

MONTHLY AND ANNUAL [OTAL RAINFALL (IN), WATERSHED A-1

1950 5,40 2.94  1.26 4.42 1,28 4.28 2.38 1.72 2.57 1.83 2,17 0.79 31.04
1951 0,97 5.05 2.80 4.18 3.18 6.00 5.32 5.21 2.85 2.65 1.33  1.65 41,04
1952 1.88 1.35 3.38 5,04 3.57 5.21 1.58 2.65 1.52 1.22 2.72  1.20 31,139
1953 1,487 1,92 6.27 1.40 1.88 5.04 3,50 1.24 0.56 1.94 0.60 1,44 27.26
1954 1,29 0.9 2.53 4.13 3.38 1.31 2.56 5.96 0.42 3.93 0.48 1.38 28.33
1955 3,22 2.55 1.36 3.40 4,38 3.99 4.19 1.39 3.23 7.80 1.7 0,26 37.24
1956 0,32 1.97 0.61 3.27 1.9% 2,34 5.72 3.85 0.58 0.65 2,17 2.22 25.61
1957 1.49 1.83 1.33 6.79 4.21 7.53 2.43 1.18 1.51 2.92 4.37 4.22 39.31
1958  1.33 0,37 1.07 1.97 3.43 4.80 7.59 0.75 3.89 0.42 G.24 0.59 30.45
19549 2,20 2.51 3.29 2,86 3.48 0,91 1.52 1.35 3.56 2.69 1.24  2.03 27.64
1960 1,28 1.65 0.81 2.84 3.86 5.67 1.92 0.93 3.72 1.66 2.51 1.06 27.91
1961 0.00 1.59 2,99 3,95 4.97 3.88 3.25 2.45 3,73 3,33 3.07 2.26 35,47
1362 3,27  1.03  2.22 1.76 4.24 V.46 4.98 2.49 1.47 1.39 1.22 0.00 25.93
1963 0,50 9.3 6.17 3.38 0.69 1,05 3.48 5.72 0.33 0.47 1.65 0.48 25,30
1964 1.46  0.86 3.77 6.48 0.46 4,18 3.41 2.76 2.33 0.04 3.47 1.38 30.60
1265 3,15 1,03 1,99 5,048 1.77 4.03 2.74 5.92 6.87 1.2 1.00 2.66 38.04
1366 0,22 1,90 1.09 3.53 2.25 1,14 2,41 2.5%8 5.82 1.67 3.7 4.17 30.52
1367  2.006 1,08 2.55 1.62 4.91 2,39 2.72 2.74 2.65 3.95 2.11 6.50 35.90
1968 2,23 1.46  1.35%  3.45 6.45 5,89 2.09 1.61 2.06 0.2 4.29 1.7 32.71
1969 3,00 1.02 1.52 4.07 1.46 1,048 2.96 2.08 6.92 4.75 2.73  1.06 32.57
1470 0.02 0.65 2.00 6.98 1.82 5,01 2,72 2,07 6.31 2.47 1.02 0.69 31.76
1971 0,00 2.54 1,10 0.68 2.91 3,64 9.53 1.49 5.21 1.43 1.63 7.25 137.46
1972 0,40 0.91 3,12 5,13 1,93 2.12 1.39 3.68 6.91 1.92 2.86 5,53 35.586
1973 .48 0.57 7,17 2.87 2.u8 9.12 f.44  1.11 2.86 2.93 2.73 2.82 43.99
1974 3,70 3.27 2.75 4,02 7.19 3.32 1.60 7.7: 1.42 7.61 3.85 3.01 48.26
1975 3.54 2,13 2,63 3.1 3,91 4.81 4.33 7.19 3.02 2.52 2.33 2.75 42,47
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TABLF A7

MONTHLY AND ANNUAL TOTAL GAINFALL (IN), WATERSHFD B~

1950 5,88  2.94  1.26 4,51 1,13 84.26 2.40 1.78 2.5%2 1.86 2.14 0.79 31.47
1951 1.56 5,05 2,87 3.98 3.28 5.75 5,20 5.17 2.92 2.5 1.19 1.65 41.18
P52 1,89 1,41 3,38 5,21 3,63 5.22 1.41 2,69 1.63 1.26 2.78 1.65 11.66
1953 1,48 1.92 6,30 .48 1.87 4.77 3.61 1,27 0.53 1.97 0.60 1.44 27.29
1954 1.23  0.96  2.52 8.19 3.38 1.33 2.64 ».00 0.43 31.94 O.u4 1.38 28.50
1955 3,22 2,55 1,36 3.46 4.52 3,97 4.27 1.20 3.24 7.9C 1.47 Q.26 37.57

1956 0,32 1,97 0.61  3.28  1.99 2,34 5,72 3.85 0.49 0.64 2.17 2.22 25.60
1957 1.49 1,83 1,33 6,97 4,33 7.47 2.18 1.11 1.49 2.92 4,37 4,22 9,1
1958 1.33  0.37 1.07 2.03 3.82 5.51 8.06 0.76 3.99 (.51 4.38 0.59 32,42
1959 2,20 2.5t 3.29 2.81 3,53 0.95% 1.49 1.58 3.58 2.831 1.74 2.03 28.05
1950 1.28  1.65 0081 2,79 3,86 5.50 1.72 0.80 2.99 1.84 2,51 1.06 26.81
1961 0,00 1.59 2,99 3,49 4,98 4,03 3,25 2,50 3.80 3.46 3.20 2.26 36,05
1962 3,27 1,03 2,22 1,79 4280 1,28 5021 2,52 1.88 1.37 1.22  0.00 26,03
193 0,50 0.36  A,17 3,38 0,69 1,05 3.82 6.95 0.38 1.45 1.66 C.48 26.49
1958 1.46  £.86 3,77 6,44 Guah 4.24  3.484 2,70 2.2 0.04  3.47 1.38  36.60
1965 3,15 1,07 1,99 5,5, 1.73  3.93  2.95 5,95 6.92 1.25 1.00 2.66 38.11
1956 0,22 1,90 1,09 3,54 2,31 1,11 2,41 2,61 5.71 1.58 3.74 4.17 30. 34
1967 2,52 1.18 2,585 1,56 5,02 2,47 2.85 2,70 2.65 .98 2.11 6 50 15.82
Wen  2.23 1,46 1,35 3,54 A 0l 5,97 1,98 1.64  2.08 0.26 4,29 1.54 32,75
1669 3,00 1.02 1.952 4.05 1.67 1.23 3.01 1.95 €.97 4.75 2.71 1.06  32.96

1370 002 0.65 2,00 4,78 1,90 8.86 2.58 2.C6 6.48 2.4k 1,02 .69 31.50
1971 0,00  2.54  1.10 G.60 2,96 3.54 9,52 1.64 S5.14 1.19 1.69 7,25 37,41
1972 0,871 0,80 3,12 S.8d 2,09 2,07 1.36 3.84 7.13  1.98  2.86 £.53 36.33
1973 O8 0L57 7,07 2,900 3.29 0 9.12 0 7,484 1,11 2.99 2,98 2.73 2.2 44,54

1
919 .70 3027 2,75 w02 T.uh w.32 1.5 7.43 1.30 1,55 3.¢5 3,01 47,95
1975 3,49 2,13 D063 3,23 4.03 4,77 4,61 7.33 3,11 2.52 2.138 2.5 43,01

0L



MONTHLY AND ANNUAL TOTAL RAINFALL (IN),

TABLE A8

WATERSHED W-|

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocCT NOV bEC ANN

1950 5.46 2,97 1.32 4.12 1.28 4,25 2.41 1.77 2.29 1.83 2.18 0.76 30.64
1951 1.02 4.99 2.82 4,08 3.32 6.03 5.15 5.24 3.00 2.61 1.32 1.64 41.22
1952 1.89 1.42 3.33 5.19 3.65 4.85 1.63 2.63 1.39 1.18 2.73 1.20 31.09
1953 1.47 1.92 6.27 1.41 1.83 4.493 3.36 1.19 0.60 1.90 0.60 1.41 26.89
1954 1.29 0.97 2.49 4,17 3.24 1.32 2.64 5.91 (.46 4,04 0.46 1.43 28.42
1955 2.85 2.56 1.39 3.46 4.481 3.92 4.37 1.09 3.25 7.88 1.49 0.26 36.93
1956 0.29 1,99 0.58 3.28 1.75 2.25 5.40 3.94 0.45 0.64 2.17 2.19 24.93
1957  1.47 1,80 1.31 6.88 4.35 7.34 2,44 1.08 1.69 2.82 4.21 4.03 39.42
1958 1,33 0.37 1.03 1.97 4.82 "5.86 7.32 0.76 3.95 0.48 4.28 0.55 32.72
1959  2.18 2.5% 3.33 2,82 3.57 0.90 1.46 1.55 3.52 2.71 1.4 1.99 27.93
1960 1.28 1.58 0.89 2.87 3.96 S5.74 1,96 0.93 3.50 1.85 2.50 1.06 28.12
19671 0.00 1.59 2.92 4.20 4.95 4,40 3,15 2.50 3.82 3.34 3.20 2.14 36.21
1902 3.21 1.03 2.22 1.79 #4.18 1.46 5.01 2.39 1.71 1.20 1.25 0.00 25.45
1963 0.50 0.42 6,31 3.34 0.76 1.03 3.36 b.66 0.33 1.13 1.69 0.52 26.05
964 1.46 0.79 3.72 6.58 0.44 4.32 3,41 2.79 2.33 0.04 3.52 1.38 30.78
1965 3,16 1,11 1.99 4.97 1.82 3.91 2.88 6.02 6.87 1.23 1.07 2.64 37.67
1966 0.22 1.89 1.19 3.75 2.19 1.15 2,17 2.53 5.95 1.64 3.88 4.20 30.76
1967 2.56 3.10 2,47 1.73 5.51 2,48 2.96 2.90 2.68 4.01 1.98 6.42 36.80
1968 1.78 1.52 1.28 3.43 6.75 6.17 2.05 1.70 2.12 0.22 4.24 1.69 32.95
1969  2.84 3.00 1.40 4.06 1.58 1.14 2.99 1.82 6.94 4.89 2.73 0.90 32.29
1970 0.02 0.60 1.84 6.57 1.90 5.01 2.70 2.10 5.13 2.49 0.98 0.69 30.62
1973 0.00 2.63 1.18 0.68 2.97 3.42 9.64 1.51 5.%4 1,36 1.53 7.3% 37.41
1972 0.37 0.52 3,05 5.51 2.42 2.01 1.57 3.91 7.28 1.53 2.81 5.54 36.5%
1373 1.49 0.63 7.80 4.05 2.99 9,12 7.52 1.03 2.98 2.91 2.69 2.82 46.06
1974 2.98 3.16 3.05 4.30 7.58 8.51 1.24 6.76 1.66 1.47 3.74 2.9% 47.40
1975 3.78  Z.15 2.59 3.17 3.97 4.55 4.24 7.03 3.19 2.30 2.38 2.75 42.16

1L



1958
1954
1960
196 1
192
19A 3
19614
1965
19h &
1967
INEE!
1469
1970
1971
1972
19773
1974
1975%

TABLE A9

MONTHLY AND ANNUAL TOTAL RAINFALL (IN), WATERSHED W-2

JAN FER MaR
.40  2.94 1,26
1.20 5.0 2.80
1.86 1.46 3,28
1.483 1.92 6,19
.27 0,99 2,57
2.57  2.57  1.41
N.27 2.00 0,57
1.47 1.7 1,24
.33 0,37 1.00
2,17 2.51 3,37
.29 1.54  0.9%
g.n0 1.59 2.46
4.17  1.03 0 2,22
0.50 0,086 6,40
.45 0,74 31,69
3.18 1.1 1,99
U.21 T.848 1. 26
2.0 1.1 2,40
T.56 1055 1.23
.72 0,99 1,21
0,02 A.nf 1,74
n.an 2,.M 1.27
B,.30  0Ous4 31.02
1.2 0,68 3,73
2.45  3.07 3.3
1.7 20006

2456

3.97 1.32 4.37 2.27 1.67 2.39 1,77 2.09 0.79 30.24
3.917 .40 5,34 5.65 5.08 2.86 2.60 1.42 1.67 41.48
5.2% 3.60 4,71V 1.68 2,48 1.49 1,16 2,66 1.16 30.79
1.24  1.81 4,79 3.44 1.23 0.58 1.81 0.61 1.39 26.49
3.60 2,94 1.66 2.81 S5.59 0.45 4,04 0O.41 1.48 27,79
3.36 4.16 3.82 4,62 1.05 3.03 7.57 1.51 0.27 135.94
3.26  1.38 2.03 6.67 u4.08 0.41 (.58 2.19 2.17 23.61
6,62 4.20 6.83 2.62 1.15 1.95 2.66 4.09 3.2 38,55
1.74 4,52 7.0 7,15 0,80 4,17 0,54 4.28 0.53 33.43
2,90  3.43 1.03  t.48 1.89 3,73 2.73 1.58 1.98 2a,49)
1.9 4.1 95.83 2,15 0.98 3.77 1.92 2.50 1.06 29.13
b.23 5,15 4,95 3.26 2.42 3.48 3.50 3,21 2.05 .70
1.98 4,67 2,05 5,37 2.83 2,19 1,06 1.28 0.00 27.85
2.92 0,80 0.92 3.00 5.87 0.18 9.81 1,71 0.55 24,12
7.5 0.40 4,73 3.51 2.&1 2,40 9.04 3.55 1.39 3I1.65
5,56 1,79 3,55 2,51 5.62 6.87 1.30 1.10 2.62 36.23
4,03 2,36 1,17 2,03 2.u8 4,97 V.66 3.97 4.24 30,26
1.71 85,27 2,40 2.86 2.93 2.78 3.383 1.88 6£.32 35.63
3.52  T.000 4,29 1,931 1.51 2,13 0.19 4,19  1.72  32.82
4,06 1.5 1,29 3,08 1.85 6.82 4.90 2.73 0.77 32.17
6.7 1,71 8035 2,94 2,07 6.31 2.5%  0.94 O.64 31.00
0,75 2,47 3,08 9.50 1,48 4.73 1.19 1.44% 7.44 3I6.46
.84  2.50 1.98 1,39 34.5%9 7.38 1.55 2.77 5.55 36,45
4,23 3.29 9,11 B.72 0.92 3.14 2,53 2.65 2.82 47,84
G.4y  7.97 8,37 .41 5.20  1.53  1.45  3.81  2.91 46.97
2,89 4,00 3,98 4,55 AL.69 2.33 2,23 2,37 2.75 40.98

[£4



MONTHLY AND ANNUAL TOTAL RAINFALYL (IN), -URBANA

- v v e e E w TER YR T M EE AR N N T T EE A AL MR A A s ek e bl e e e e A T TR RS R TE N M S S R e ek S e T W T W A e P e e e e e o e m m—

- T ER T AR R R A ey e W A min e e e e W ey e Wk e R Y W M R M S M TR M W N M R M R e Sk o AR S R e Ao e N A M e ks v e W er =

1964 2.31 1,471 1.69 3.3% 6.97 6.97 2,83 4.80 1.78 0.64 4.68 2.38 39.72
1969 3.60 1.02 2.23 +».00 1.71 1.2 2.98 3.30 S5.74 5,39 1.88 1.38 37.05
370 0,52 0.86 2.30 T7.71 1.72 3,26 4,58 3.12 6.9% 3.07 1.34 1.01 36.48
1971 1.03  3.27 1,46 0.70 3.84 1.22 10.96 1.43 4.77 0.72 1.59 6,16 37.15
1972 0,98 0.83 3.28 4.81 1.40 3.44 2,58 5.71 8.69 2.13 4.17 4.93 42.495
1973 1,11 0.67 6.55 5,14 3,23 7.65 9.21 3.04 3,01 2.91 2.47 4.81 49,20
1974  3.08 3.33 3.86 4d4.74 6.31 5,71 1.47 5.94 1,52 1.30 3.78 2.54 43.58
1475 4,64  2.85 2.59 3.08 3.85 6.2% 4.90 e.43 2.97 2.20 3.32 2.85 45.89

AL A L AR e e R e M L e e e A N L M A e R R A N R A A ek M M L AN ke S i ek e e e e e AR ey e W M TE= SYE e W TES R W RN A M e i W A A e el Ak - ——
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TASLE a1

ANNUAL MAXIMUM RAINFALL INTENSIY (IPH)}, RG-1

YEAR DURATTON (MINUTES)

13493 4.94 4.94 4,33 3.53  2.97 2.11 .13 0.67 0.40 0.27 0.15
1950 2.03 2.03 2.43 1.67 1.7 1.42 0,90 0.46 0.23 06,19 0.11
1937 4,02 4,42 4.02 d4,u2  4.63 3.13 2,10 1.33 0.60 0.40 0.23
1952 3.32 3,32 3,32 2.47 2,07 1,67 1.32 0.71 0.41 0.29 0.15
1953 Z.94  2.84 2.84 2,11 2,11 1.69  0.95 V.62 0.42 0.35 0.22
1954 S5.46  4.17 4.17  4.17 uw. 1! 3.21 1.2 0.82 V.47 0.43 0.21
1255 3.89  3.02 3.02 .02 3,01 2.26 1.76 1.35 1,05 0.83 0.42
T420  3.54  3.54 3,54 2.37 1.78 1,23 0.96 0.56 0,33 0.23 0.12
1957 13.65 6427 3.31 2,11 <4.11 1.82 0.94 Q.83 v.35 0.32 0€.19
1958 3.47  3.47  3.47 3.47 2,89 2,37 1.3 0.75 V.49 0.35 0.23
1999 2,806 Z.86  2.22 4£.15 1.89 1,53 0.42 0.57 0,34 0.27 0.13
1360 1.88 1.84 tlied 1.44 1.88 1.45 0.7 0.01 0.37 0.24 0.12
Mol 5H.0% 5.0% 4.7% 3.41 3.11 2,18 3.20 1,00 Jd.od5 0.45 0.26
1262  7.50  3.59  3.59 2.42 1.83 1.50 1.26 0,72 0.3 0.24 0.13
TIod 3,66 d.66 3.6 F.ul  J,07 2,05 l.u2 G.62 (.39 0.26 0.15
1908 5.9 4. 43 4.1y 3,220 2.85 2,35 1,43 0.79 0.45 0.43 0.22
1965 H.LS 4,24 3,43 3,13 2.81 2.45  1.uy  0.97 G.51 0.40 0.21
Tiee 4,77 4,71 2.493 2,57 2,43 1,67 1.03 v.62 0.40 0.32 0.24
1907  5.92 5.53 .94 2,93 2.6 2,08 1.17 0.eY J.37 0.26 (.13
T9bg 6.6 M.23 2,47 2,03 1,74 1,37 0.43 0.63 0.40 0.36 0.23
luny  3.08 3.0 3,498  3.03 2,77 2.22 1.0 1.12 J.67 0.47 0.3
1970 9099 6.59  T.26 .94 64,99 4,060 2.23 1.21 4,67 0.45 .25
1971 9,39 4,8 L.obve 4,73 3.76 2.56  1.39 .95 G.76 0.54 0.3
1972 T.62 4,01 2,02 .20 1,91 1,54 1.10 4.80 Q.53 0.36 0.18
1973 b.83 6,11 d.5%0 d.dd 2.99 2.u4 Tau2 wv.dZ2 O,448 0.34 0,21
1974 4,75 3073 3.6 2,49 2,49 2,70 1.59  0.97 9.62 0.48 0,27
1975 d.54  B.45 S.3h  wony 4.16 3.0 2,15 1.16 0.50 0.39 ¢.19
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TABLE A12

ANNUAL MAXIMUM RAINFALL INTENSIY (IPH), RG=-5

.  —  w wl ——r T v  —— i ——— A — S A el W WL . P T e e o e A v
A i A A ——— —— A — i —— o ———— T A O i i ——— T ] e AL . ————

e T ke e S S R R e W S e T ———— T e A . —— ke oy 0 ik i ke A WU b wm i o A —

1949 7.33 6.68 4.55 3.71 2.99 2.13 1.16 0.68 Q.42 0.28 0.14
1950 5.63 4,19 2.09 1.40 1.05 0.80 0.41 0.33 0.21 0.19 0.11
1951 5.2% 5,00 4.74 3.90 3.08 2.65 1.98 1.16 0.59 0.40 0.22
1952 5.22 5.22 3.19 2.58 2.75 2.45 1,27 0.66 0.41 0.27 0.14
1953 5.14 4.80 4,37 3.05 2.37 1.65 0.92 0.58 0.40 0.36 0.21
1954 6.44 6.06 5.26 4.94 4.21 3,18 1.82 0.91 0.47 Q.43 0.22
1955 7,13 6.55 6.12 5.14 4.47 3.31 1.82 1.28 1.02 0.68 0.34
1956 8,47 5,53 4.10 3.00 2.44 1.83 1,00 0.58 0.30 0.23 0.12
1957 8.53 6.87 4.17 3.30 2.51 1.68 0.84 0.51 0.34 0.30 0.19
1958 7.483 5.20 4.46 4.28 3.68 2.87 1.77 0.93 0.48 0.34 0,24
1959  7.79 5.52 4,09 2.76 2,07 1.38 1.17 (.66 0.35 0.35 0.18
1960 5.83 3.52 3.18 2.57 2.08 1.54 0.84 (.56 0.33 0.23 0.15
1961 5.49 5.05 4#.79 3.91 3.1 2.18 1.27 1.00 0.65 0.45 0.26
1962 10,05 10.05 7.93 5,85 4.58 3.31 1.7% 0.97 0.49 0.32 0.16
1963 3.78 3.03 2.96 2.35 2.02 1.51 0.88 Q.49 0.27 0.19 0.1y
1964  5.46 5.46 4.93 3.33 2.53 1.73 1.16 "0.75 0.42 0.30 0.8
1965 4,48 4.48 2.96 2.96 2.96 2.96 2.02 1.01 0.54 0.42 0.22
966 4.07 4,07 4.07 2,81 2.17 1,88 1.00 0.56 0.43 0.34 0.25
1907 2.42 2,42 2.42 2.42 2.42 2,03 1,25 0.69 0.39 0.27 0.14
1968 2.99 2.99 2.99 2,12 1.68 1.51 0.94 0.69 0.43 0.36 0.22
1969 2,45 Z.45 2.44 2.44 2,454 2,44 1.87 1.22 0.74 0.52 0.34
1970 3,06 3,06 3.06 3.06 3.06 3.06 2,10 1.14 0.63 0.43 0,22
1971 30.80 13.20 6.60 4.47 3.35 2.24 1.82 1.18 0.76 0.60 0.31
1972 6.21 6.4 5.83 3.92 2.95 1.97 1.02 0.74 0.48 0.33 0.17
1973 7.06 6.30 3.95 2.79 2,33 1.88 1.55 0.88 0.51 0.35 0.31
1974 6.19 6.19 3,19 2.17 1.75 1.75 1.24 ©¢.81 0.49 0.37 0.22
1975 4.27 3.24 3.24 2.23 1.72 1.48 1.48 1.07 0.50 0.37 0.19

e et i  — ———— Y W W G T R WSS e M N W MR A e AT A A D M b WS P R AL R W AR o e o o -
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TABLE A13

ANNUAL MAXIMUM RAINFALL INTENSIY {(IPH), WATERSHED A-1

A T T M P e i i — Al ke ANy ar b T ww e g S P WS wie e - —
D Al S i T e i A Ve o w P R WY VED wik el ik wis e Tev W YR P N A A AP S

S e e TR R PR T e e A A ——————— T ——— A W A At W e W b w s i

1949 5.99 5,04 4,13 3.62 2.96 2.10 1,13 0.67 0.42 0.28 0.15
1950 3.50 2.C07 1.87 1.72 1.50 1,20 0.81 Q.43 0.22 0.19 0.12
1951 6.39 6.04 5.43 4.32 3,83 2.93 2.t4 1,21 0.61 0.41 0,23
1952 4,66 4,56 3.42 2.9Y5 2.83 2.26 1.37 0.73 0.39 0.26 0.15
1953 5.55 4.72 3.55 2.93 2.45 1.72 0.5 0.60 Q.41 0.36 0.21
1994 5,77 5.1 4.36 3.54 3,10 2.39 1.54 0.79 0.47 0.43 0.21
1955 5.60 5.35 5.06 5.49 3.90 2.94 1.75 1,42 1.0% 0.69 0.34
1956 5,19 3.47 3.47 2.37 1.78 1.23 0.96 0.5 0.33 0.23 0.12
1957 5.75 5,53 2.84% 2,25 2.24 1,62 0.93 0.52 0.35 0.31 0.20
1858 3.73 3.73 3.60 3.18 2.74 2.07 1.15 0.65 0.46 0.35 0.18
1959 3,82 3.82 3.82 2.79 2.21 1.54 0.99 0.5y 0.34 0.23 0.13
1960 5,24 3.32 2,52 2.09 1.80 1.33 0.75 0.o1 0.37 0.24 0.12
1961 4,90 4,90 4,90 4,18 3.31 2.32 1.25 1.06 0.67 0.47 0.27
1902 8.74 5,52 3,45 2.66 2,27 1.90 - 1.27 0.73 0.37 0.25% 0.13
1963 3.59 3.59 3.59 2.55% 2.52 1.70 1,30 0.63 0.3% 0.21 0.14
1964 6,00 4.40 4.18 3.19 2,79 2.35 1.41 0.79 0.42 0.31 0.16
1965 4.40 4,00 3.57 3.29 2.98 2.56 1.90 0.98 0.52 0.40 0.21
1966 4,60 4.40 2.87 2.16 2.02 1.57 0.98 0.60 0.41 0.33 0.24
1967 5.80 4.39 3.84 2.93 2.55 2.03 1.19 0.69 0.38 0.26 0.13
1968 5.76 3.92 2.46 1.89 1.70 1.35 0.84 0.63 0.40 0.36 0.23
1969  3.23 3.23 2.94% 2.91 2.69 2.27 1.64 1,11 0.65 0.47 0.30
1970 9.99 8.60 7.23 5.88 4.93 3.98 2.22 1,21 0.67 0.44 0.25
1971 7.95 5.00 4.26 3.76 3.13 2.22 1.34 0.92 0.75 0,53 0.31
1972 10.28 7.80 6.713 4.67 3.94 2.72 1.36 0.80 0.41 0.27 0.14
1973 6,83 6.1 4,53 3.84 3.00 2.04 1.62 0.82 0.48 0.34 0.21
1974 3.81 3.81 3.69 2.70 2.39 2.36 d.44 0.94 0.60 0.50 0,28
1975 6.55 6.55 4.71 4.48 4,19 3.59 2.20 1.17 0.59 0.39 0,20

vl i ke alr e e  —  — — —— U O e W W Y oy — T o W A i e i e iy A v .
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TALLE Al4

ANNUAL MAXIMUM RAINFALL INTENSIY (IPH), WATERSHED B-1

A T Al A R L S e ke - ——————————— i wh mw} W= ma = W Ay o W et e e i
e AN AR e e A A Y T gy e b ke e A ——————— " i W e Wy W wrt s e

A e —— e M A L e e e e W WS U AR RER D N W i D N R e e whd M T o R P AT el W SR FRA ke e

1973 6.83 6.16 4.53 3.84 3,00 2.04 1.62 0.82 0.48 0,34 0.21
974 d.25% 3,81 3.69 2.74% 2,70 2.54 1.54 0.95 0.61 0.49 (.28
1975 5.66 5.66 4.82 4.40 4,04 3.44 2,23 1.20 0,61 0.41 0,20

T e ey AR AR v e —— Y T W R R T TR IF WP CED R ED W ke S U Sl e A e A e e R AR M e v T T M W i
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TABLE &15

ANNOAL #aXIMiUM KAINFALL INTENSIY (1PH), WATDKSIHED 4-1

1949 5,00 4.84 4,20 3,63 2.96 2,10 1.14 C.67 0,42 0.28 0.14
1950 2.60 2.22 1.86 1.72 1.53 1.21 0.4 0O.84 9.22 0.19 0.1
1951 49.70 4.86 #.42 3.80 3.17 2.70 2.01 1.15 9.53 0.40 0.22
1952 4,30 3.96  2.7Y 2,50 2.42 2.12 1.27 0.70 ¢C.39 0.26 0.14
1953 3,47 3.31 2.96 2,92 2.23 1.62 0.92 0.54 0U.39 0.3 0G.21
1954 4,00 3.91 3.40 3,04 2.65 2.11 1,59 0.83 0.47 0.43 0.21
1955 4,30 3.81 3,24 2,92 2.56 2.40 1.67 1.36 0.99 0.69 0,35
1956 3.42 2,18 2.18 1,49 1,12 0.77 0.61 wv.52 0.33 0.22 0.12
1457 o6.61 5.24 3,14 2.17 1.63 1.44 0O.48 O.u46 0.33 0.28 C.19
1958  3.96 2.91 2.73 2.52 2.29 1.78 1.22 0.69 o480 G.35 0.29
1959  3.43 3.36 3.07 2.64 2,15 1.52 4.77 0.46 0.30 0.20 0.13
1960 3.25 2.60 2,21 1.73% 1,43 1.u5 0.1 O.o1 0.37 0.24 C.13
1901 3.43 3.42 3.33 2.82 2.31 1.70 1.06 0.49 0.65 0O.40 0.27
1962 4.61 3.48 2.96 2.36 1.89 1.50 1,09 0.70 0.3 0.23 G.13
1963 2.60 2.24 2,12 1.64 1.45 1.29 G.96 wu.59 wu.30 (.20 0.4
1964  3.80 3.12 2.90 2.26 1.73 1.49 1.17 0.7t 0.41 0.28 .15
196% 3.65 3.52 3.19 3.02 . 2.81 2.50 1.84 0,95 V.50 0.39 u.21
1966  4.60 84.46 2.95% 2,11 1.77 1.38 0.87 0.53 u.42 0.34 0.25
1967 4,04  3.92 3.22 2.062 2,09 1.57 1.03 C.b4 0.37 0.26 wv.13
1968 2.05 2.03 1.97 1,72 1.45 1.27 0.81 0.63 0.41 U.36 0.23
1969 13.95 5.80 3.15 <.40 »2£.22 1.90 1.61 1.15 0.9 0.49 0.31
1970 6£.29 5,85 5.39 4,72 4,13 3,32 Z.0o8 1.13 GC.o3 0.43 U.21
1971 7,64  3.4% 3,22 2,92 2.38 1.07 1.11 0.485 wv.71 4.51 0,30
1972 /.19 4.7z 3.6 2.77 2.35% 1.u3 0.9 0.73 0.8 0,32 0.16
1973 6.83 6.16  4.65 3,84 3,00 2,05 V.54 G.go 0.1 .27 0.19
1974 2.56  2.53  2.24%  1.49% 1.98 1.90 1.25 u.85 0.55 d.4d 625
1475 4.66  4.57  3.47 3,02 2.78 2.58 1.62 0.95 0.5% 0,37 0.1Y

8L



TaBLE A1l6

ANNUAL MAXIMUM RATNFALL INTENSIY ([PH), WATERSHED W-~2

e W e mm Y= W mm e e ot e e e sk ey e e e e e e e M e e MR ML R e B e M R A R BN AL e e MR ek e e NS M A S o AR
——— e e e e e o e e ek e e e ek g e e e e A e MR e e AR e R A A R R R M MR ML M ML MR W M MR M e MR e e e T e

1949 5.70 5.70 4,56 3.69% £.98 2.12 1.16 ¢©.69 0.42 0.28 0.14
1350 3.60 4.36 3.04 2.56 2.10 1.56 OL.s4 O.43 0.2 0.18 0.09
19517 8.31 6.24 5.54 4,36 3.67 3.03 2.08 1.20 0.60 0,40 0.21
1952 6.83 5.82 3.95 2.98 2.9 2.34 1.26 0.b3 wu.38 0.25 0.4
1953 d.44%  7.10 4.27 3.08  2.36 1.64 0.91 0.54 0.36 0.34 0.29
1954  8.40 5.71 H.71 5.09 4.46 3.35 1,43 0.92 0.46 0.43 v0.21
1955 o0.24 6.24 6,24 5,47 4,08 5,02 2.7 1.61 0.81 0.54 0.27
156 8.38 5,33 u.06 2.97 Z2.42 1.82 0.99 u.58 0.30 0.23 0.1Z
1457 7.12 6.92 4.0 3.25 2.5t 1.69 0.85% 0.49 v.33 0.30 0.138
1958 6.26 5.12 #.03 4,11 3.65 2.81 1.70 0.90 0.53 06.38 0.24
1959 7.64 5,52 4,50 3.28 2.46 1.64 1.10 0.5 0.35 0.23 06.13
1960 5,04 3.56 3.17 2.58 2.95 1.49 0.77 0.1 0.37 06.24 0.4
1961 5,00 5.00 4.60 3.8y 3.28 2.36 1.3d6 1.u6 0O.68 0.48 G.27
1962 10.60 7.32 4.66 J.64 2.73 1.88 1.36 0.68 0.34 0.23 0.13
1963 3.70 3.70 2.99 2.3  2.04 1.54 0.79 0,44 0,27 0.20 0.14
el 5,480 4,14 3,16 2,40 .44 1.72 1.G0 0.07 9,43 0.34 0.21
1465 5.37 3.89 3.61 3,14 2.87 2.846 1.81 G.91 0.49 0.38 0.20
1406 5.50 5,30 2.88 2Z.64 " 1.71 1.15 0.d2 0.52 U.43 .35 0.26
1907  4.47 4,47 4,47 3,00 2.4 1.66 1,14 G.72 0,38 0.27 0.4
198 7.5 6.72 3.36 2.24 1,96 1,49 uv.91 u.63 0.39 0,36 (.23
1969 4,22 4,22 3,65 3.49 3.09 2.62 1,84 1.27 0,711 G.51 0,31
1970 6.31 €.31 5,98 5.44 4.81 3.09 22.ud 1,10 0.61 0.471 0,20
1971 6.22 5,27 4.35 3.7¢ 3,03 2,18 t.31 0G.s9y 0.72 0.50 0,29
1972 4,70 3.54 3.10 2,51 ¢2.0d 1.863 1.27 0,85 0G.54 0.J3b vu.1s8
1973 6.83 6.16 4,53 3.84 3.00 2.04 1.62 U.89 0.51 0.35 0.31
1974 6,42 5,43 2,43 2,10 1.60 1.20 0.85 0.71 J.50 0.40 0.23
1975  5.4% 5,45 5,45 5,45 5,03 3.73 2.42 1.52 0.76 0.51 0.25



80

TABLE A17

ANNTAT TOTAL RUYNFF DEPTH {INCIES)

el R — .-—.—...-—-u-—-—-———-.-——-—-..---.-__————-—--—.—-—---_-——_-....—--———-

YFAR ANNUAL TOTAL RUNOPF DEPTH (TINTHES)

—.--.--...-—_-..._-—-.-.-—_—---———-.-.—-—--....--_——.—————_——--———--———-—--.-—

AATERSHED A-1 WATERSHED 2-1 WATERSHED W-1 WATERSHED §-7

--—--—--—-——-—-ﬁ------—-—-——-—-—-—--—-——-qﬁ--.---——-.‘—-—------’—.---—‘———-ﬁ-&&—-

1950 2.0554 2.09C3 6.0C0¢C 2.7736
1951 3,u845 2.7472 2,7084 1.2612
1952 1.0582 2.7223 12.2263 2.5718
1353 0.9u85 7.8241 3.7e25 2.69158
1954 n.0CI2 5.6105 1.0800 2.7853
135% 2.7091 2.1495 3.2104 1.9023
1356 0.0%59 02,0721 2.5141 2.115%7
1257 C. 47951 1.21305% 4,8370 2.781%
1353 1.2154 1.1357 7.8055 4.5178
19317 1.45G4 G.24854 1.1365 4.0560
1960 2,C3490 0.5069 2.9329 3.9791
134 1 1. 3608 3.2419 2.05828 5.8590
1942 £.584u86 2.1933 3.6295 2.3009
13473 N. 6308 0.0777 1.3824 T.2873
1964 2.2928 2.3613 0.2353 2.2969
1965 0.2121 2.3217 4.3585 2.1592
19645 ". 3135 7.6638 5.59¢CS 3.90860
1357 0.2095 2.3995 f.493% 4.2712
1943 . AR 2.2250 10,417 1C.4737
1953 N, 1A37 0.3820 0.A733 4.7352
1379 1.4130 1.23560 10.3439 8.3847
1971 2.3771 1.8203 5.8970 5.5126
1972 1.4859 0.8813 4.7240 3.7379
1273 2.6732 4.4403 9.3550 3.04C3
1974 h.3947 7.7575 3.0768 17.0000C

-----——-—_———.——..-———-..--__—.__--———-.-----——.-———-.——--—-——....--—__—._--_--.-_

NOTE= WETERSHED W-1 DATA ART FAR SUMMER MONTHUS ONLY



TABLFE A1lS

ANNUAL MAXIHUM RUNOFH

UEPTH (EN),

e A R TE e e EE il W BT e e W e e e e e W M M TR R EE M R MR R EE AR MR W M A R B e o = = oy = = = = W = P e e =

e R L R ke e R N e e A SN L e e e S e e ey e e ey ey R MR M TR WY M M W M R M A AL A AR AN M N e o e

YUy
145U
1451
14952
1953
1955
14956
1957
145y
19454
1460
1961
1962
196 3
1964
1965
1966
1967
1968
1964
1940
1971
1974
1973
19 14
1415

U.144
U.ubi
Ue 6k
O.142
V. 115
tJ. 306
(VVIVE ]
0.138
V. 3708
0.2849
U. 0449
3. B U
U. 134
D. 132
Ua.obhi
UD. U334
.7
U.1%2
O.10¢
u. 021
De 344
. 434
U. 1B
U.5bH
Ua%1b
J. U513

O.111

0.b46

b.234
U.2U1
J.H10
U.uu4
0.2349
U.5b5
O.402
.U/l
U.97%5
U. 231
0.230
U.fuy
V.U0B
U.0Y¢%
U.234
U.168
U.0g0
.4 44
U.934
U.243
U. f4y
0.1y
V.U9yY

U. 557
U. 2064
D, 841
U.433
Us3240
1. 192
(VAT
U. 366
.oyl
L.6bY
. 0HY
T.904
G.430
Ue.HB1
1. 328
U, 117
Us22h
Usd2d
U.333
U. U081
U.bud
L. bug
Ua.olg
ToUb1
1.224
Ua. 246

0.692
0.504
.16
U.617
U. 348
12499
0.003
U.366
V.68 7/
1.285
U.089
1.59Y
O.459
U.b51
1. 954
U, 119
JudbU
U.626
U.4306
U.u94
U. fu/
1.014
U. 671
1. 1149
£.298
U.2495

U, /b
U,052
t.218
0.634
U.b442
1.301
0.004
0,466
V.od?
1.4425
.08y
1.560
U,uby
v.667
1./76%
0.114
U.254
.631
0.b27
U.u9d
.73
T1.051
Uats 1o
1.130
2.2
U.2Ys

WALERSHED
48 72
0. 772 .12
U.658 0.658
1.218 1.218
U. 634 0,634
D.522 0.5%23
1. 301 1. 301
J.uU03 $.003
0.366 0.366
U.oB7 U.687
1.430 1.430
0.089 0,089
1.561  1.561
0. 458 U.u4b538
0.675 0.675
T.906 1.9606
. 119 0.119
O.283 0,283
D.0641 U.631
O.59%29 U.529
0.121  0.121
J. 110 UL F10
g.169 1,169
0.688 0.781
1.198  1.198
3.579  1.%9y
O.298 0,298

0.74Y0
0.658
1.2148
0.634
0.523
1.301
0.006
0.3b06
0.647
1.430
0.0869
1.561
O.458
0.675
1.966
0.1149
0.283
0.631
0.529
0.121
0.710
1.892
O.761
1.198
3.5494
0.2438

0.790
0.957
1.218
0.634
0.523
1.301
0.006
0.366
0.680
1.430
0.089
1.561
J. 458
0.675
1.9¢66
6.119
0.283
0.631
U.529
0.121
u.710
24221
U.761
1. 198
3.594
0,298

18



ANNUAL

TAB

MAX1MUM RUNOFF

LE A19

DEPTH (IN),

B-1

—_ T e W R R AL R L e R W N N WS A ML SR e v e Y= R M e M Am e e e e EE EE AR R M ek e A A = o

R R A i W R e R S R A A e v L Ak S ey W W N R e e W N M e A g v — - —

194y
1450
19517
Tub e
1953
14954
1995
1956
1945/
1954
1959
T4 6}
196 1
1962
196 3
1964
19b65H
19466
1Yo/
19643
19649
1970
19/
1942
19413
1974
1975

e 20U8
U.uUb
U. U5
U. 140
Ua 141
V.U 3
U, 389
W.020
U, udYd
0. 1591
U.ule
D.UbJ
U. 350
J. 115
Q.U
U. u48b
O. 043
U.ud4
U. 238
V. 134
U, U38
V. 318
.29
u. 144
U, bld
. 426
U. 141

U897
U.020
U.4d29
U. bbq
U.3506
. 003
1.55¢
.036
U.29!
U, 482
V. U094
U.242
1.255
U.dbo
U,u2y
1,373
0.1194
Ue 321
Vabvild
U.368
U. 184
O.43y
0.840
0.521
IEAL
1.041
L.uyl

1.6 3
U.026
0.451
1.028
U.38¢
v, 003
T.bd Y
U.042
V. 385
J. 505
V.69
V. 329
1.012
U.628
VRV
1.691
U. 14y
U. 396
0.961
J.bdb
U.263
O, 432
U.990
U.e 245
2.U29
1. 14 6
U. 126

1.283
U.040
u.851
1.153
0.957
0,003
1.685
0.043
U.465
2.506
.22
doud
1.879
J.725
U.029
2. 1‘)0
.14y
B.ul3
0.3481
U.8M1
U.1Ub
J.obh
1.011
U.715
2,049
1.18%
O.752

WATERSHED
44 72
T1.30¢0  1.347
0.040 0.042
U.85%1  u©.851
1.1 1.117
d.644 0.651
0.003 0.003
1.085 1.685
0.043 0.043
.468 0.468
U.506 0.5086
U.212 0.27%2
. 417 0.414
2,095 2,114
0.727 0.727
V.029 0.029
2. 0675  2.694
U.150  0.150
U.6050 0,653
0.981  4U.941
0.887 0.84d9
U.412 0.u473
g. 655 O.b55
1.0l 1.01
U.749 0.863
2. 044 Z2.040
1. 733  1.8480
1.333 1.336

V.3849
Q.051
J.851
1.1717
0.651
0.003
1. 685
0.043
G.48y
d.643
0.212
U.494
2.1138
0.727
J.029
2.694
0.150
Deintb
0.281
0.955
0.413
J.655
1.011
0.863
2.040
2.383
1.3 30

1.389
0.054
0.904
1.1717
0.651
0.004
1.685
0.043
(.513
U.b83
0.212
0.501
2.118
0.727
4.0346
2.694
0.260
0.655
U.981
0.956
0.413
0.655
1.011
0.866
2.040
2.383
1.340

Z8



ANNUAL HAXTIMNU®N RUNDIFF DEPTH

FABLE AZ0

WATERSUED

v ——— W e T MR R T R T ER N W e e e W We e e e e N ML A MR e A A e W T e

DURATION

1951
1952
1454
1954
195%
14506
1954
1454
19949
1960
1961
1462
1963
14964
1965
1466
136 f
149648
1904
1910
19 71
1972
1973
IENE

U. 1y
D. 10H
0. Udd
0,044
U, U811
.Ub2
0,06/
3. 126
U.Ulb
U, gbu
U /24
.11/
V.033
. Ud Y
.068
U.190
i}, 20 4
U. 121
v. 02U
0. 111
. 2414
V. 39/
U. 25V
0,219

Uali3d
U. 184
V.44
d.1U6
.140
U, gy
Ual132
D.230
U.uli
D112
1.131
o2/
U.ou
O.ud9
Ua 122
U,2U4
v, 314
Ual41
J. 03}
0.201
O, 344
Uodub
Vellb U
U492

d.UG63
.41
Ua 29Y
0.125
U.22!¢
U. 182
U.30¢
U.446
U.037
U, 235
1. 652
L.4493
V.70
U. 1813
u. 2814
. 204
.31
U, 31y
U.0u4bd
U.i?
D.3Y4
(UM Y
1.149
(ra U0

i}, 105
U. 154
Joyiy
U, 128
U.285
0. 189
U.434
O.504
U.025
V. 320
1.891
0,703
O0.11n
U. 285
O.41/
U. 291
U.318
Vo439
0,045
U.55 Y
U521}
U. 49 2
1.162
1. 342

(14y,

(HOURS)

24 48
0.190 0, 106
0.981 1.345
0.725 V.084
D134 v.150
0.390 0.935
0.240 0. 347
OuoU47 0.607
0.594 0,713
u.07% J.10%
Ou.d492  U.589
2.3740  2.470
3,910 1.193
0.190  0.379
V.409 1,558
U.512 U.6od
D.4716  0.722
0.380 U.%33
O.b8h  1.071
0.0%1  O,05%4
1.096  1.431
J.H69  U,954
d.922  D.b62
1.204 1.303
1.601  2.312

0.339
1. 442
1.270
0.1172
O.6J4d
UalHh9
0.71313
0.821
0.125%
0.65hH
2.529
1.324
Ba.5%5%1
J.626
U. 746
d.916
D. 7413
1.522
Gh.032
T.634
0. 150
D.923
1.712
2.514

0,317
1.611
1931
0,181
Q. 117
0.593
U.324
1.091
U.141
0,824
2.305
1.5u7
U,598
U.724
0,311
1.300
0.316
2,040
0.136
1.920
0,954
1.050
2.1087
2.815

.221
J.799
J.639
1.305
1. 398
J. 284
0.978
3.151
1.741
D. T4
.76 3
1. 357
1.689
1.311
Z.453
J.200
2.575
. 39%
T.762
2.315
3.020

£8



TAB

ANNUAL #AXIMUN RUNOFF

LE AZ1

DEPTH (IN),

e i e N T W e e T M MR M EE R N MR N MR M R N AT W EE AR M MR AR A EE M W e e mm e e ke ey Wy o =k = e e o mE o

1950
1951
1952
1954
1954
14955
1996
1957
1958
1954
14640
1961
1962
1964
1964
1965
19606
196 ¢
19648
14940
1911
19 2
1944
1974

U.U30
.46
U. 126
Ve 132
U.0bu
U. o057/
O. U214
U.U35
U. kU2
U. 021
u. 169
u,5/1
V. U4z
U.U16
Ua )22
U.ubu
J.Un0
UaUb U
U. Wl
U, 336
.1/
G. 149
U 282
V. 316

O.617
U.209
U.214
.04
U.1u1
.00
L.UbY
U.bb3
u.ul42
D.245b
D.4 35
V.012
U046
D.0249
C.07g
U.1u3
g.l02
0. 18y
U.457
U.bdi
U.251
U.J4b
O.4492

0. 133
1.052
L.399
V. J01
U. 153
U. 149
L. 122
G.11b
G.b/ld
v. 112
O.a311
1. 3Ub
.12
U.04u
V.04
0. 160
U. 288
V. 207
U. 403
U.b»83
U. bl 3
U, u82
.11
U.oH1Y

0. 199
1. 394
0.911
U. U415
0.197
0,205
v, 189
U, 142
U. 6490
O. 183
O.462
1. 515
U, 352
U, 0o
V. ub't
0.246
U.b46
g.408
D.554
0.546
VI W
0.5%19
N.6U4
1.455

.23
T1.481
V.b 72
U.436
0.2117
O.314
{}.289
0.194
U.733
Jd,. 309
U.534
1.659
U.171
0,136
Uals?
0,290
U.470
UJehdy
1.044
J.u33
0./
U.531
J.old?
1.644

WATERSIED
48 12
0.307 0.309
T.481  2.190
U.739 0.739
O.u43 0.451
D.240 0.2956
U.448 0.460
U.345 0,377
0.220 0.281
U0.743  0.804
0.612  0.845
U.b86 (.613
T.744 1.4849
U.216 0.216
0.250 U.376
U.,Uus0  0.U80
. 371 0.377
1.435  1.4449
0.592 0.678
1. 273 1.64y
0,993 1. 304
g.768  U.70d
g.508 0.780
J. 7135 0.435
2211 2,044

U.389
2.454
0.739
0.501
0.264
U.495
.46y
b.u68
1.169
0.90G7
0.715
1.880
0.2%0
0.616
0.109
0.377
1.u53
0.723
2.186
1.369
0.9490
1.105
1.072
2.789

6.517
3.014
0.739
0.504
0.406
0.518
0.559
G.561
1. 304
0.933
G.722
1.914
0.2106
6.976
0.149
G.517
T. 460
1.063
2.283
1.450
1.221
1.592
1. 200
2.973
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Maximum Exceedance

Tahle A22

Runoff Depth (In.) Watershed A-1

Duration (hours)

Date 1 2 6 12 24 48 72 120 192
10-21-49  0.148 0.189 0.219 0.223 0.223 0.224 0.224 0.224 0.224
12-22-49  0.134 0.236 0.557 0.692 0.766 0.772 0.772 0.772 0.772

1-04-50 0.064 0.110 0.264 0.504 0.652 0.658 0.658 0.658 0.658

2-21-51  0.183 0.350 0.841 1.188 1.218 1.218 1.218 1.218 1.218

6=-28-51 0.301 0.423 0.552 0.559 0.559 0.560 0.560 0.560 0,560

7-09-51  0.464 0.646 0.814 0.828 0.828 0.828 0.828 0.828 0.828

4-23-52  0.142 0.238 0.433 0.617 0.634 0.634 0.634 0.634 0.634

3-16-53 0,115 0.201 0.320 0.348 0.355 0.356 0.356 0.356 0.356

4-02-53  0.105 0.172 0.266 0.293 0,442 0,522 0.522 0.522 0.522

5-27-55  0.290 0.367 0.463 0.474 0.477 0.477 0.477 0.477 0.477
10-07-55 0.366 0.610 1.192 1.299 1.301 1.301 1.301 1.301 1.301

6-28-57 0.138 0.239 0.366 0.366 0.366 0.366 0.366 0.366 0.366

6-11-58 0.374 0.565 0.687 0.687 0.687 0.687 0.687 0.687 0.687

7-11-58  0.156 0.292 0.380 0.380 0.380 0.380 0.380 0.380 0.380

2-10-59 0.289 0.462 0.669 1.285 1.425 1.430 1.430 1.430 1.430

5-09-61 0.690 0.975 1.504 1.559 1.561 1.561 1.561 1.561 1.561

3-21-62  0.134 0.231 0.430 0.458 0.458 0.458 0.458 0.458 0.458

4-20-64  0.552 0.798 1.328 1.554 1.765 1.966 1.966 1.966 1.966

6-21-64 0.134 0.154 0.168 0.170 0,170 0.170 0.170 0.170 0,170
12-21-67 -.152 0.234 0.323 0.626 0.631 0.631 0.631 0.631 0.631

6-15-68 0.107 0.168 0.333 0.336 0.527 0.529 0.529 0.529 0.529

4-19-70 0.096 0.176 0.324 0.409 0.59% 0.695 0.695 0.695 0.695

6-16-70 0.347 0.434 0.648 0.707 0.710 0.710 0.710 0.710 0.710

7-04-71  0.147 0.269 0.445 0.501 0.503 0.503 0.503 0.503 0.503
12-10-71  0.334 0.538 0.848 1.014 1.051 1,051 1.051 1.051 1.051
12-15-71  0.098 0.164 0.340 0.591 0.968 1.170 1.170 1.170 1.170

4-23-72  0.128 0.243 0.548 0.671 0.678 0.688 0.761 0.761 0.761
12-30-72 0.068 0.171 0.292 0.540 0.665 0.665 0.665 0.665

6-07-73 0.568 0.740 1.051 1,118 1.130 1.198 1.198 1.198 1,198

6-19-73  0.142 0.197 0.440 0.488 0.489 0.489 0.489 0.489 0.489
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Table A22

(continued)

Duration (hours)

86

Date 1 2 6 12 26 4877 120 193
7-23-73  0.274 0.397 0.502 0.506 0.506 0.506 0.506 0.506 0.506
1-23-74  0.136 0.253 0.470 0.790 1.055 1.065 1.142 1.158 1.158
5-22-74  0.105 0.179 0.253 0.255 0.459 0.492 0.676 0.679 0.679
6-23-74  0.515 0.779 1.224 2.298 2.511 3.579 3.594 3.59 3.59%




Table A23

Maximum Exceedance Runoff Depth (In.) Watershed B-1

Date

Duration (hours)

] 2 6 12 24 48 72 120 192
10-22-49  0.199 0.285 0.385 0.403 0.406 0.411 0.411 0.411 0.411
12-22-49  0.208 0.390 0.897 1.163 1.283 1.307 1.307 1.307 1.307
1-03-51 0.113 0.202 0.380 0.472 0.571 0.580 0.580 0.580 0.580
6-28-51 0,193 0.222 0.327 0.340 0.349 0.349 0.349 0,349 0.349
7-09-51  0.305 0.547 0.829 0.851 0.851 0.851 0.851 0.851 0.851
4-13-52  0.107 0.213 0.438 0.514 0.586 0.610 0.610 0.610 0.610
4=24=52  0.170 0.310 0.654 1.028 1.153 1.177 1,177 1.177 1.177
4-23-53 0.141 0.232 0.356 0.387 0.557 0.644 0.651 0.651 0.651
10-07-55 0.389 0.739 1.577 1.684 1.685 1.685 1,685 1,685 1.685
6-11-58 0.142 0,195 0.354 0.366 0.367 0.367 0.367 0.367 0,367
7-12-58 0.151 0.266 0.482 0.505 0.506 0.506 0,506 0.506 0.506
4-25-61  0.314 0.470 0.740 0.990 1.035 1.035 1,035 1.035 1,035
5-09-61  0.350 0.641 1.255 1.672 1.879 2.095 2.118 2,118 2.118
3-21-62 0.085 0,168 0.456 0.628 0,725 0.727 0.727 0.727 0.727
4-21-64 0.485 0.809 1.373 1.691 2.166 2.675 2.694 2.692 2.694
12-08-66 0.840 0,151 0.327 0.396 0.423 0.650 0.653 0.655 0.655
3-23-67 0.125 0.243 0.391 0.572 0.644 0.650 0.650
12-21-67 0.238 0.378 0.537 0.961 0.981 0,981 0.981 0.981 0.981
2-07-68 0,106 0,181 0.342 0.645 0.871 0.887 0.889 0.995 0.957
5-26-68 0.131 0.173 0.199 0.215 0.216 0.216 0.216 0.216 0.216
6-16-68 0.134 0.219 0.368 0.391 0.704 0.712 0.712 0.712 0.712
6-16-70 0,318 0.367 0.430 0.432 0.655 0.655 0.655 0.655 0.655
7-05-71  0.257 0.319 0.416 0.469 0.469 0.469 0.469 0.469 0.469
4=22-72  0.134 0.263 0.521 0.595 0.715 0.749 0.863 0.83 0,863
4-21-73  0.151 0.242 0.330 0.332 0.333 0.333 0.333 0.333 0.333
6-07-73  0.674 1.234 1.798 2,029 2,039 2.040 2.040 2,040 2.040
6-19-73 0.187 0.336 0.594 0.624 0.624 0.624 0.624 0.624 0.624
7-23-73  0.242 0.406 0.485 0.486 0.486 0.486 0.486 0.486 0.486
2-22-74 0.151 0.281 0.663 0.916 0,948 0.984 1,109 1.109 1.109
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Table A23 (continued)

Duration (hours)

120

Date

1 _2 6 12 24 48 72 192
3-12-74 0.070 0.141 0,408 0.704 0.926 1.039 1.044 1.072 1.072
5-22-74 0.279 0.534 1,041 1,123 1.125 1,127 1.880 2.383 2.383
5-30-74 0.149 0.254 0.345 0.346 0.346 0.346 0.346 0.346 0.346
6-23-74 0.426 0.529 0.593 1.146 1,188 1.739 1.739 1.739 1.739
1-11-75 0,131 0.233 0.369 0.391 0.603 0.604 0.604 0.604 0.604
2-04-75 0.119 0,207 0.492 0.726 0.752 1.333 1.336 1.336 1.336
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Table A24

Maximm Exceedance Runoff Depth (In.) Watershed W-1

Duration (hours)

Date 1 2 6 12 24 48 72130 192
7-17-52  0.108 0.188 0.473 0.754 0.981 1,345 1.442 1.611 1.765
6-18-53  0.085 0.144 0.298 0.434 0.725 1.084 1,270 1.531 1.752
8-21-54  0.098 0.106 |
5-07-55 0.315 0.385 0.447 0.533
7-05-55 0.081 o0.140 0,227 0.285 0.390 0,535 0,604 0,717 0.799
8-28-56 0.052 0,099 0.142 0.240 0.347 0.459 0,593 0.639
8-12-57  0.067 0.132 0.307 0.438 0.547 0.667 0,733 0.824 1.005
8-19-58  0.126 0.230 0.436 0.504 0,594 0,718 0,821 1.091 1.398
8-15-60  0.064 0.112 0.235 0,320 0.452 0.589 0.656 0.828 0.978
7-14-61  0.724 1.131 1.652 1.891 2.140 2.476 2.629 2.905 3.151
4-17-62  0.117 0.217 0.493 0.703 0.910 1.153 1.324 1.547 1.741
6-24-62 0.073 0.213 0.346 0.358 0.368 0.377 0.391 0.502
5-18-63 0.379 0.553 0.698 0.744
4-11-64  0.049 0,089 0.183 0.285 0,409 0,558 0.626 0,724 0.763
7-13-65  0.068 0.122 0.287 0.417 0.521 0.668 0.746 0.871 1.357
6-28-66  0.099 0.118 0.195 0.291 0.476 0.722 0.916 1.300 1,689
7-29-66  0.108 0.134 0.163
8-11-66  0.064 0.119 0.159 0.228 0.228
8-15-66  0.137 0.309 0.210
9-03-66  0.111 0.138 0.142
7-11-67  0.070 0.071 0.217 0.380 0.583 0.743 0.916 1.311
7-31-67  0.227 0.227 0.227 0.227 0,227
8-19-67  0.139 0,146 0.146
8-26-67  0.160 0.160 0.160
9-20-67  0.283 0.318 0.318 0.318 0.318 0.337 0.337 0.337 0.337
8-18-68  0.121 0.141 0.319 0.439 0.686 1.071 1,522 2.090 2.453
7-24-70  0.111 0.201 0.437 0.558 1,096 1.431 1.639 1.920 2.575
5-05-71  0.156 0.191 0.214 0.215 0.217 0.335
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Date

Table

A24 {(continued)

Duration ¢(hours)

1 2 6 12 24 48 72120 _ 192
5-17-71  0.046 0.080 0,152 0.223 0.295 0.306 0.311 0.450 0.508
5-25-71  0.051 0.086 0.228 0.441 0,863 0.954 0.954
8-14.71  0.237 0.3446 0.39 0.527 0.523 0.679 0.695 0.799 0.995
7-18-72  0.397 0.404 0.418 0.452 0.522 0.622 0.923 1,050 1,762
8-14-73  0.250 0.480 1.139 1.162 1.208 1.308 1.712 2.087 2.315
7-28-74  0.279 0.492 0.800 1.342 1,601 2.312 2.519 2.815 3.020




Table A25

Maximmm Exceedance Runoff Depth (In.) Watershed W-2

—_—— e
Date Duration (hours)
1 2 6 12 24 48 72120 192
2-19-51 0.143 0.231 0.472 0.647 0.719 0.850 90.993 1.431 1.533
3-03-51 0.169 0,333 0.886 1.390 1.481 1.481 1.481 1.481 1,481
6-30-51 0.217 0.357 0,529 0.583 0.615 0.655 0.659
7-10-51 0.416 0.617 1.052 1.260 1.291 1,291 1.291 1.29%1
8-30-51 0.109 0,193 0.413 0.608 0,704 0.725 0.725 0.922
11-13-51 0.062 0.119 0.316 0.499 0,708 0.829 0.839 0.839
12-31-51 0.066 0.122 0.253 0.391
4-23-52 0.128 0.209 0.399 0,571 0,672
3-15-53 0,132 0.218 0.361 0.415 0.436 0,443
5-28-55 0.150 0,199 0,218
5-02-56 0,503 0.589 0.630 0,662
6~18~58 0.402 0.553 0.673 0.696 0.733 0.733 0.784 0.838 0.873
7-31-58 0.347 0.390 0.554 0.604 0.668 0.743 0.804 1.169 1.304
3-06-~59 0.529 0.646 0.724 0.824
5-23-59 0.612 0.848 0,907 0.933
4-17-60 0.155 0,182 0.229 0.355 0.470 0.742 0.800 0.917 1.074
7-13-60 0.169 0.256 0.377 0.462 0.584 0,586 0.633 0.710 0.710
5-09-61 0.571 0.835 1.306 1.516 1.659 1.744 1.849 1,880 1,914
3-19-63 0.616 0,976
2-12-66 0.049 0.098 0.288 0.546 0.970 1.435 1.449 1.453 1.460
4=24-66 0,056 0.103 0,213 0,301 0.419 0.512 0,512
2-22-67 0,053 0.102 0,261 0,408 0.529 0.592 0.678 0.723 1,063
8-01-67 0.060 0.075 0.494 0.581 0.679 0.727
8-29-67 0.710
2-06-68 0,071 0.137 0.320 0.535 0,917 1,266 1,648 2.186 2.283
5-27-68 0.071 0.139 0.311 0,383 0.447 0.549 0.749
7-07-68 0.101 0.184 0.403 0.558 1,047 1.273 1.356 1.465 1.630
1-31-69 0.045 0.083 0.198 0.277 0.373 0.660 0.660
4-21-70  0.054 0.108 0.324 0.368 0.646 0,993 1,309 1.369 1.450
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Table

A25 {comtinued)

Duration (hours)

Pace 1 2 6 1224 48 72120 192
6-21-70 0.336 0.457 0.583 0.596 0.833 0.854 0.955 1.004 1.074
2-05-71 0.146 0.268 0.562 0.752 0.768
7-05-71  0.180 0.321 0.550 0.687 0.742 0.742 0.742 0.742
9-20-71 0.264 0.265 0.269 0.275
9-26-71 0.614 0.624 0.643 0.651

12-11-71 0.143 0.225 0.376 0.514 0.561 0.586 0.601

4-29-72  0.139 0.251 0.482 0.519 0.531 0.568 0.780 1,105 1.592

3-23-73  0.082 0.157 0.309 0.395 0.502 0.558 0.659 1.072 1.200

6-05-73 0.164 0.248 0.511 0.604 0.647 0.735 0.736 0.757 0.866

7-05-73  0.047 0.091 0,245 0.312 0.377 0.507 0,575 0.640

7-24-73  0.242 0.344 0.426 0.436 0.436 0.442 0.835

7-04-74  0.316 0.492 0.817 1.455 1.644 2.277 2.448 2.789 2,973
0.073 0.130 0.333 0.454 0.613 0.821 0.886 1.033 1.429
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DAILY

AVERAGE MINIMUM TEMPERATURE (DEGREES FAHRENHEILIT)

TABLE AZ26

YEAR JAN FEB MaR APR MAY JUN JUL AlUG SEP ocT NOV DEC
1955 -8.0 -9.0 6.0 30.0 39.0 46.0 59.0 50.0 41.0 32.0 8.0 2.0
1956 1.0 13.0 16,0 28.0 29.0 39.0 u48.0 46.0 29.0 26.0 12.0 12.0
1857 -11.0 11.4 9,0 20.0 30,0 u4.0 53.0 w6.0 30.0 23.0 14.0 3.0
1958 5.0 0.0 18.0 28.0 30.0 45,0 57.0 45.0 34.0 18.0 4.0 0.0
1959 0.0 0.0 18.0 25.0 38.0 40,0 48.0 58.0 40.0 22.0 3.0 16.0
1960 1.0 3.0 -2.0 26.0 35.0 50.0 51.0 51.0 43.0 21.0 18.0 -11.0
196t -5.0 5.0 20,0 19.0 33.0 44.0 45.0 43.0 37.0 25.0 16.0 -2.0
1962 -10.0 1.0 2.0 21.0 4u4.0 49,0 53.0 52.0 30.0 6.0 16.0 0.0
1963 -14.0 -6.0 6.0 25.0 27.0 47.0 50.0 46.0 31.0 26.0 14.0 -6.0
1964 4.0 10,0 12.0 26.0 5.0 42.0 48.0 46.0 40.0 19.0 9.0 2.0
1965 ~-5.0 -6.0 11.0 30.0 29,0 48.0 51.0 47.0 47.0 35.0 17.0 5.0
1966 -12.0 2.0 16.0 20.0 26.0 37.0 656.0 51.0 39.0 21.0 14.0 8.0
1967 -6.0 ~5.0 13.0 32.0 29,0 24,0 43.0 41.0 31.0 27.0 15.0 -10.0
1968 -13.0 3.0 13.0 30.0 36.0 51.0 53.0 49.0 46,0 31.0 20.0 -3.0
1969 -5.0 -14.0 7.0 34.0 15.0 43,0 55.0 50.0 41.0 22.0 13,0 5.0

|
|
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DAILY AVERAGE

TABLE A27

HAXIMUM TEMPERATURE (DEGREES FAHRENHEIT)

YEAR JAN FEB MAR APR MAY JUNK JOUL AUG SEP ocT NOV DEC
1955 58.0 57.0 72.0 80,0 88.0 91.0 95.0 96.0 98.0 84,0 76.0 58.0
1956 52.0 64.0 T4.0 80.0 91.0 94.0 94.0 92.0 92.0 84,0 72.0 67.0
1957 54.0 64.0 69.0 82.0 80.C 90.0 94,0 95.0 91.0 76.0 64.0 58.0
1958 50.0 63.0 56.0 83.0 85.0 92.0 89.0 94.0 93.0 82.0 73.0 52.0
1359 S6.0 63.0 79.0 83.0 92.0 96.0 94.0 95.0 93.0 79.0 66.0 61.0
1960 62.0 45.0 71.0 84.0 84.0 91.0 91.0 9$3.0 96.0 82.0 72.0 61.0
1961 88.0 65.0 70.0 74,0 85.0 99.0 93.0 92.0 94.0 80.0 74.0 60.0
1962 49.0 58.0 70,0 85.0 90.0 94.C 89.0 95.0 89.0 87.0 61.0 59.0
1963 48.0 51.0 80.0 82.0 86.0 95.0 95.0 92.0 87.0 88.0 68,0 59.0
1964 58.0 60.0 65.0 79.0 86.0 90.0 9Y4.0 96.0 93.0 74.0 87.0 53.0
1965 62.0 58.0 60.0 83.0 486.0 80.0 86.0 82.0 8.0 82.0 90.0 83,0
1966 58.0 63.0 80.0 75.0 96.0 91.0 101.0 91.0 90.0 79.0 71.0 67.0
1967 66.0 62.0 79.0 84.0 96.0 9u4.0 91.0 93.0 84.0 88.0 61.0 64.0
1968 53.0 57.0 77.0 78.0 87.0 93.0 9%1.0 92.0 88.0 83.0 72.0 56.0
1969 58.0 44.0 70.0 78.0 87.0 93.0 97.0 93.0 90.0 86.0 66.0 51.0

o —— i — e e A o
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TABLE A28

DATILY AVEKRAGE MINIMUM UUMIDITY (PER CENT)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC

1955 27.0 35.0 23.0 13.0 19.0 45.0 44.0 35.0 29.0 29.0 28.0 46.0
1956 20.0 17.¢ 11.0 10.0 14,0 25,0 31.0 30.0 4.0 13.0 19.0 27.0
1957 30.0 26.0 15,0 22.0¢ 14,0 20.0 21.0 24.0 16.0 8.0 18.0 30.0
1958 27.0 31.0 22.0 15.¢ 16.0 18.0 29.0 23.0 20.0 14.0 18.0 14.0
1959 31.0 25.0 15.0 15.0 16.0 17.0 15.0 23.0 16.0 23.0 19.0 25.0
1960 37.0 25.0 37.0 33.0 32,0 28.0 25.0 29.0 22.0 16.0 25.0 3o.0
1961 36,0 26.0 19.0 13,0 15,0 21.0 16.0 26.0 15,0 15,0 20.0 23.0
1902 t6.0 32.0 22.0 19.0 19.0 25.0 22.0 33.0 17.0 12.0 18.0 1.0
1963 41.0 29.0 12.9 10.4 16.0 17.¢ 31.0 2%.0 13.9 6.3 13.0 26.0

1964 17.0 19.4 3.0 8.0 12.0 6.0 20.0 19.0 14.¢ 3.0 10.0 32.0
1985 28.0 26.0 21,0 14.0 31,0 8.0 18.0 8.0 50.0 48.0 50.0 134.0
1966 40,0 36.0 33.0 26.0 24,0 24.0 34,0 32.0 26.0 21.0 28.0 39.0
1967 28.0 36.0 32.0 30,0 28.0 32.0 36.0 41.0 33.0 29.0 33.0 24.0
1968 46.0 27.0 19.9 27.0 21.¢ 30.0 33.0 36.0 27.0 30.0 26.0 24.0
1969 45,0 24.0 24.0 28.0 30.0 28.0 28.0 9.0 23.90 9.0 22.0 138.0
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TABLE AZ29

DATLY AVERAGE HAXIMUM HUMIDITY (PER CENT)

YTLEAR JAN FEB MAR APR MAY JUON JUL AUG SEP OCT

1955 99,0 99.0 99.0 99,0 99.0 9Y9.0 99.0 98.0 98.0 99.0
1456 100.0 100.,0 100.0 100.0 100.0 99.0 99.0 92.0 100.9 497.0
1957 46,0 94,0 98.0 6.0 94.0 92.0 95.0 90.0 100.0 96.0
1953 98.0 100.0 96.0 98,0 90,0 91.0 87.0 91.0 90.0 9Y93.4
1959 98,0 100.0 92,0 906.0 90,0 90,0 92.0 97.0 100.0 6.0
1460 100.0 100.0 100.0 V00,0 300.0 100.0 91.06 98,0 98.0 100.0
1961 %9.0 160.0 91.0 92.0 88.0 100.0 100.0 9Y6.0 97.0 98.9
1962 88.0 98.0 100.0 100.0 100.0 100.0 WO0.0 WO.0 98.0 9%.u
1963 99.0 10,0 95.0 96,0 96.0 94,0 9Y5.0 498.0 98.0 91.0
1464 100.0 120,00 98,0 100.0 96.0 440.u 100.v 95.0 99.0 100.0
1965 95.0 100.0 92,0 94,0 100,00 100,0 100.0 1030.0 96.0 94,0
1966 T00.0 100.0 100.0 100.0 100.0 100.0 100G, 0 100.0 100.0 100.0
1967 100.0 100.0 100.0 100.0 100.0 96.0 43.0 96.0 98.0 9h.0
1968 98.0 t100.0 100,0 100.u 1006.0 100.,0 100.0 100.0 100.0 166G.0
1969 100.0 100,0 100,0 100.0 100.0 100.0 100.C 100.0 100.0 100.0
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DATLY AVERAGE

TABLE A30

MAXINUM WIND SPEED (MILES PER

HOUR)

FEB

MAR

APR

HAY

JUN

JUL

AUG

0CT

NOV

DEC

22.42
12.“5
17. 86
82.22
16. 24
20,07
20.02
19.03
21.77
19.63
20.92
24, 33
17.29
16.68
23.23
20.97
16. 57
10. 22
18.47
14. 68

20.66
14.19
15. 41
12.61
29.38
19.76
21.92
20.01
24.37
21. 20
17.96
23.00
21.94
18. 68
22.58
17.69
22.70
16.70
18.517
22.53

12.55
15. 84
15.94
16.03
20.07
22.75
22.85
19.96
21.04
23.51
18. 34
26.64
21.06
19. 28
16.060
16.79
19.75
26.08
18.49
19.53

12.40
19.43
15.33

9.39
21.30
20.90
17.03
17.06
17.03
23.41
17.56
21.96
12.22
28.89
16.48
17.01
18.15
13.97
13.47
20.60

11. 38
12.79
7.74
17.94
15.05
16.82
17.10
13.59
14.58
22.00
13.09
To.64
17.99
16.76
12.40
13.27
14 .41
15.49
24 .21
14.85

8.63
13.27
18 .24
16.51
13.490
15.22
12.95
13.35
12.21
16.48
13.34
12.10
15.41%
12.76
12.71
13.59
13.40
13,32
12.28
13.22

8.08
15. 33
24,28
16. 18
13.06
15.09
18.52
15.88
15.67
16.93
13.33
18.65
14.89
12.97
11. 35
11.59
13.40
13. 30
14.03
13.85

8.29
16. 09
21.00
16.71
17.58
13.13
19. 34
14.55
18.35
16.47
14,28
11.75
13.91
11.78
13.85
13.71
13.32
16. 49
18. 21
12.03

10.31

9.92
17.79
15.19
21.46
25.02
14,24
17.56
17.23
16.95
15.77
17.63
15.25
17.67
18.59
13.94
15.74
¥7.27
15.57
15.02

14.26
13.86
20.92
18.15
19.72
20.89
19.75
17.44
26.93
21.35
14.83
19.30
16.61
i5.39
16.85
21.15
18. 14
15.85
19.81
14.40

12.98
11.63
20.26
16.45
16.56
17.42
23.217
20. 35
21. 49
17.45
20.90
22.48
15.76
17.04
20.23
15.99
18.63
20.12
19,25
16.96
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UAILY AVirdsee MINLMUA

1295 15.20 22.42 20.66
195%  2.40 3.5t 2.87
1956 1.8 3.0 3.49
1957  1.22  1.49 2,19
1958 Z2.96 2.9%  2.u0
1959 4,50 3,20 3.72
1460 o8 b, 12 4,065
1961 5.15 4.1y 5. 3¢
1902 6H.02 3,496 1.94
Tuo 1.58 b, 9z 4,73
T96l  b.YH 4,47 4,00
1967 Hou2  Z.97  2.82
140y 3.50 J.ba 4,9t
1Y 1.5%4 u, 32 4,13
VaH0 5,00 4011 2.ed
1971 3.46  4.31 4.1%
1272 4.9%%  2.%94 4.4
1473 3.30 5.16  3.6%
1970 1,592 T.16 6,42
1475 3,32 6.1y 3,949
1476 u.nt, zZode .13

TAGZLE

A3

WIND sPhbu (MILES PER HOUR)
ALk MLRY JUN JUL AUG SkP oct NOV BEC
12.5% 12.40 11.38 H.63 H.ub baa 10.31 14,26 12.98
3. 048 1.6 0,88 0.99 0.84 0,79 1.15 2.64 1.77
3.3 3.7u  1.U8B  2.82 U.BY  1.45 O.84 2.67 1,71
1.78  1.94 0.80 d.bn 0O.u83 0.72 3.31  4.24 2.68
ZobU  1.94  1.99 1l o 3.1p 1.53 2.73 5.95 2.70
5,00 .41 .12 3,48 4.05 4.21 4.67 4,33 4.6l
T 4.871 5.61 5.40 4.0t 5.25 3.37 6.08 6G.66
G.67 Z2.16  Z2.09 1.2:z 3,15 1.417 C.ws  1.80 3.05
.81 2,90 1.26  1.45 0.51 1.25 1.5¢ 2.86 2.21
5.36 4.0 1,56 71 2.%4  2.72  4.5% 5.39 3,70
BLbS  H.3V 2,50 2.uUd 3.80  Z2.75 1,760 2,50 3,69
e (U 3.4 2029  2.h4 2,010 2.497  5.24 4.79 3,49
3.21  43.99% 3.T73 2.9 2.08% 2.86 u,06 2.34 4,53
.06 2,21 2.74 2.8 1.67 3,131 3,38 3.22 3.62
J.Hu b.08 4.33 3.49 1.0 2.63 2.78 2ab32 1. 36
Ze 1 3.7 J.70 3.1 2e'31 3.12 2.78 3.u48 3.18
.55 2,01 Z.10  3.54  3.20 3.33 <Z.ug 3,91 3.28
3.79% L.0T  4.40 4.56 250 .48 2.5 3.57 2.93
.25 3.99 4,04 Zza 19 2.05 2.90 1.52 1.4l 3.65
b.t.2 3.482 .08 2.3 2.561 1.51T 4.14 2.U44 2.53
1.0 3.62 2.21  c.9G  S.ud 2,70 2.7 l.u4 o 5,17
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APPENDIX Bl

Procedure for Fitting the Log-Normal Frequency Distribution

The procedure used by McGuinness and Brakensiek (1964) is used in the
study. The procedure is based on the general formula for hydrologic fre-

quency analysis developed by Chow (1957). The general formula is:
logloxfloglox = 1+Cva""" ................ ceenaa  [14]

and since C_ is defined as s/loglox , the above formula becomes:

1oglox = loglox + sKy wememeeb e et st sserasassenenana . [153]

where Cv is the coefficient of variation, and s is the standard deviation

which is estimated from:
- 2
s =L (loglox - loglox) /5 (loglox) KY seerieesnovasee [16]

where Ky is the frequency factor from Appendix B, Table Bl.
The step by step procedure for fitting the log-normal frequency dis-
tribution is as follows:
1. Rank the logarithms of the observed data in decreasing order.
2. Refer to Table Bl for Ky for the corresponding sample size or
number of years of data (N).
3. Calculate the standard deviation s using the formula [16].
4., Calculate the mean of the logarithms of the observed data,
I;E;E; =7 (loglox) / N.
5. Substitute the calculated s, I:E;;g, and Ky into formula [15].
Note: Steps 1, 3, and 4 can be done using the computer program which is

listed in Appendix B2.
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APPENDTY 32

COMBPUTER 2B0GRAA LIST

L353-NORAAL DISTRIBOUTION FLEQUEHCY ANALYSIS FOR HMONTHLY AND

ANNUAL TOTAL RAINFALL

REAL AMFAN (14),PROB,RI,SULB(14) ,30MC(14) ,SD(14)

REAL X (100,14} ,JaN,%aR,"A7,JU%,JUL, NOV

INTRGER YEAR(?OO),NUM(14;,3

PRINT, "MONTHLY AND ANWUAL TOTAL RAINFALL'®

THEZ PRINT STATEMENT NEEDS 70 BZ CHANGED FOK OTARR DATA
PRINT 112

FORMAT (12K, ' JANT U4, "FE8) , 4%, "4AR", 5K, "APRY, 4%, THAY' ,5X,
5 'JUN',S5K,'"JUL' ,4X,*SEPT',4X, "OCT’ 0%, 'NOV',5%, 'DEC',
5 4%, tANNY)

FORMAT STATEMENT NEEDS ID BZ CHANGED FOR GROWING 3ZASON
DATA

N=0

¥ I3 THT NU™3BER OF YEARS, AS A& COUYTER

RZAD 10,YZAR(N+1) ,JAN,FPEB, MAR,APKk,MAY,JUN,JUL, AU, 322,007,
$ YOV,DEC,ANN,AKY

FORMAT (I4, 14F5.2)

I7 (YEAR(N+1).EQ.0) GOTOD 3

N=N+1
X{%,1 )=JAN
£(N,2 )=FEB
X(¥,3 )=HAR
X(N,4 ) =AP
X(¥,5 )=MAY
L{N,5 y=4Ju
X(%8,7 }=JDL
X(N,8 )=aUG
X(¥,9 )=SEP

X (¥, 10)=0CT
(¥, 11) =10V
X(Y¥,12) =DEC
L(¥,13)=ANN
X{N, 14) =AKY
30TO 30

101

ALL NUM3ERS OF 13 IN THE DO STATEMENT ARE THE NUMBER QF THE

VARIABLES OR NUMBER OF COLUMNS OF DATA IN THE DATA CAKLD3
DO 3 I=1,13

NUM{I)=N

NU#M IS THE NUMBER

D) 40 I=1,13

N=NUM (1)

CONTINUE

PRINTING OOUT THE BASIC DATA

D3 47 T=1,N

PRINT 48,YEAR(I) ,X{L,MY) ,£(X,2) ,X{T,3),X(L,4),X(T,5),%{I,6),



3

L

3 K{I,7) ,X(T,8),5{I,9) ,X(Z,10) ., X{I,1N ,X{I,12),4(I,13),
3 K(I,14)

FORHAT (IS5, 14F6.2)

RANKING THE DATA IN THE DZICIEASING ORDER

D2 55 L=1,13

N=NUM (L)

Nai=y -1

DY 80 I=1,8M1

J=I+1

DO 90 IO=J.,N

IZ{X{I,L).GT.X(I0,L)) G020 290

TEAR2=X{L,L)

X(I,LYy=X{I0,L}

L(ID,L)=TENP

CONTINUE

CONTINUZ

CONTINUE

PRINT, *RANKED MONTHLY AND ANNUAL TOTAL EAINFALL!'

IHe PRINT STATEMENT WEEDS TO BE CHANGED FO& OTHIR DATA
PRINT 114

FIRMAT (2X,'RANK' ,5XK,'JAN',8%,'FEB',0X, " MAK!' ,0%,"423",5%,

B 'MAY' ,,6X,'JUN? ,AX,"JUL!,6X,AUG',6K,'SEP!,5X, 'OCT?,64,
§ 'NOV',AX,'DEC?' ,5X, ' ANNUAL',5X, "KY?")

PRINTING OUT THE RANKED DATA AND THE CORRESDPONDING
FREQUENCY PACTOR KY

IHE LAST COLUMN IN THE DATA CARDS ARE THE FRZQJENCY FACTOR
KY FOR THE CORRESPONDING NUMBER OF SAAPLE SIZE

DO 101 I=1,N

BRINT 102,I,%(T,%),X(I,2),%2(L,3),%(I,4),%(T,5) ,€(I,5),

5 (I, 7Y, X(T,8),X(I,9) ,X{L,10) ,X(L,11),X(1,12),%(I,13),
$ X{I,14)

FIRMAT(IS, 14F6. 2)

DO 49 I=1,13

N=NUM (I)

TAKING THE LOGARITHMS TO THE BASE OF 10 OF THE DATA
DO 74 J=1,9

£{J,I)=ALOG1D (X (J,I))

CONTINYE

SOM=0

CALCULATING THE LOGARITHA-MEAN

DO 53 J=1,u

SUM=SUM+ X (J, T}

AMEAN{I) =SUM/N

CONTINUE

PRINT, 'LOG.DEPTH-FREQUENCY RELATIONSHIpP!

PRINT 29

FIRAAT (2X,'RANK',1X,'PROB',uX,'RI',3X, ' JAN',3K,'F287, 3%,

3 TMAR',3X,'APR',3X,*MAY?', 3X,'JUN',3X,'JUL"',3%X, YAalUG',3X,
$ 'SEP',3X,'0CTY,3X,"N0V"*, 3%, 'LECY, 3X,PANNY 24, 'LY")

THE FORMAT NEEDS ADJUSTMERT FOR CTHER DATA
XN=N
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CALCYLATING THZ PHROBARILITY AKD RECCUZENCE INIEXVALS
30 45 L=1,¥
IL=L
PROB=LL/ (XN +1)
RI=1./PRr0O3
, PRINT 46,L,PROB,RI,X(L,1},4(L,2),4(L,3),%{L,%) ,5(L,5},
3 KfL,0) 4L, 7Y X(LE2),4(L,9 ), X(L,00),4{L,11),X{L,12),
3 L{L,13),X{L,14)
, FOIMAT ({I5,16F6.2)
PRIJATING OUT THE LOGARITHAS OF TiHE DAPA
DO 33 T1=1,13
CALCULATING THE STANDARD DEVIATION S
SUAC(I) =0
SEMB(I) =0
D9 41 J=1,N
SUMB (T)=SUMB(I) +X (J, 1) *X(J, 14)
THE £(J,14) I3 THT FREQUEYCY PACTOR3 XY,NEEDS aoJUSTHENT
ACCORDING TO THE LOCATION OR THE COLUAN OF THZ KY IX
THE CARDS
SUMC (I)=SUMC(I) + (X {J,I) -ANEAN(I}) *=2
. CONTINUZ
| CONTINUE
DO 44 I=1,13
SD(I)=SUAC(I)/STUXB(I)
SD I5 STANDARD DEVIATION
. CONTINUT
PRINJIING OUT THE LOGARITHYNS-MEAN AND THE STANDARD
DEVIATIONS
PRINT 78,AMEAN(1) ,AMEAN (2) ,AMEAN (3) ,A4EAN(4) ,A4EAN(3),
$ AMBAN(5) ,AHEAN (7),AHEAN{d),AMEAN(9) ,AMEAN (10),AHZAN (1),
$ AMEAN (12) ,AMEAN{13),SD{1),SD(2),SD(3).,SD(%) ,SB(5),5D(6),
3 30(7),SD(8),5D(9),30(10) ,S0(11),SD(12),5D(13) ,N2
. FORMAT (12X, '4EAN=",13F6,3/12%,'SD =',13Fh.3/
$ 12%,'N  =',Tu4)
STOP
IND
'R Y _
THZ DATA CARDS AS INPUTS ARE PLACED HERZ
)P
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Table Bl
Standardized Normal Deviates or Frequency Factors

(Ky) for Various Sample Sizes (N) Used in the Studya

——  ——————— = — — —_— - — ———

Frequency Factor Ky for:

Rank

N=15 N=20 N=23 N=24 N=25 N=26 N=27
1 1.53 1.67 1.73 1.75 1.77 1.79 1.80
2 1.15 1.31 1.38 1.40 1.43 1.45 1.47
3 0.89 1.07 1.15 1.18 1.20 1.23 1.24
4 0.67 0.87 0.97 0.99 1.02 1.04 1.07
5 0.49 0.71 0.81 0.84 " 0.87 0.90 0.92
6 0.32 0.57 0.67 0.71 0.74 0.77 0.79
7 0.16 0.43 0.55 0.58 °  0.61 0.65 0.67
8 0 0.30 0.43 0.47 0.50 0.54 0.56
9  -0.16 0.18 0.32 0.36  0.40 0.43 0.46

10  -0.32 0.06 0.21 0.25 0.29 0.33 0.37

11 -0.49 -0.06 0.10 0.15 0.19 0.24 0.27

12 -0.67 -0.18 0 0.05 0.10 0.14 0.18

13 -0.89 ~0.30 -0.10 -0.05 0 0.05 0.09

14 -1.15 -0.43 -0.21 -0.15 -0.10 -0.05 0

15  -1.53 -0.57 0,32 -0.25 <0.19 -0.14 -0.09

16 -0.71 -0.43 -0.36 -0.29 -0.24 -0.18

17 -0.87 -0.55 -0.47 -0.40 -0.33 ~0.27

18 -1.07 -0.67 -0.58 -0.50 -0.43 -0.37.

19 -1.31 -0.81 -0.71 -0.61 ~0.54 ~0.46

20 -1.67 -0.97 -0.84 -0.74 -0.65 -0.56

21 -1.15 -0.99 -0.87 -0.77 -0.67

22 -1.38 -1.18 -1.02 -0.90 ~0.79

23 -1.73 -1.40 -1.20 -1.04 -0.92

24 -1.75 -1.43 -1.23 -1.07

25 -1.77 -1.45 -1.24

26 -1.79 -1.47

27 -1.80

2From McGuinness,J. L. and D. L. Brakensiek, 1964.



Degeriptive Statistics

Table B2

for Monthly and Annual Total Rainfall

Descriptive
Data Statistics Jan. Feb. Mar. Apr. May June July  Aug. Sept. Oct. Nov. Dec. Ann,
RG-1 log-mean -0.044 0,116 0,285 0.532 0.459 0.525 0.507 0.381 0.378 0.166 0.314 0.127 1.525
std. dev. 0.966 0,329 0.340 0.271 0.333 0.349 0.251 0.31%9 0.454 1.058 0.314 0.700 0,086
RG-5 log-mean -0.152 0,136 0,320 0.535 0.469 0.514 0.419 0.36} 0.376 0.199 0.308 0.099 1,524
std. dev. 1,302 0.312 0.331 0.277 0.323 0.345 0.469 0,323 0.463 0.569 0.296 1.004 0.092
RG-3% log-mean 0.523 0.469 0.517 0.485 0.385 0.352 0.215
gtd, dev. 0.283 0,314 0.323 0.235 0.329 0.450 0.460
RG-42 log-mean 0.523 0.468 0.541 0.482 0.356 0.294 0,227
std. dev. 0.268 0,336 0,310 0,251 0.344 0.510 0.463
RG-62 log-mean 0.519 0.456 0,527 0,500 0,367 0.364 0.206
std, dev. 0.237 0.313 0,329 0.247 0.308 0.470 0.461
Combined log-mean -0.098 0.126 0.302 0.526 0.464 0,525 0.429 0.370 0,353 0.203 0.311 0,113 1,525
raingagesb std. dev, 1.134 0,320 0.335 0.267 0,324 0.561 0,291 0.325 0.469 0.602 0.305 0.852 0.089
Watershed log-mean -0.128 0.142 0,330 0.556 0.431 0,522 0.498 0.387 0.384 0.187 .0.305 0.118 1.520
A-1 std. dev. 1.315 0,313 0.303 0.320 0.319 0.344 0,249 0.324 0.423 0.568 0.929 1.011 0.085
Watershed log-mean -0.119 0,133 0.330 0.524 0.441 0.522 0.494 0,387 0,379 0,213 0.305 0,122 1,523
B-1 std. dev. 1.324 0,325 0.304 0,275 0.325 0.341 0,262 0.330 0.431 0.55% 0.298 1.0l14 0.085
Watershed log-mean -0.140 0.136 0.331 0.531 0.447 0.524 0.494 0.381 0.380 0.196 0.308 0.113 1.521
W-1 std. dev. 1.3311 0.317 0.306 0.265 0.325 0.344 0,251 0.328 0.431 0.551 0.291 1.008 0.086
Watershed log-mean -0.147 0,138 0.330 0.520 0.444 0,530 0.499 0.375 0,373 0.177 0.307 0,109 1.519
W-2 std. dev. 1,311 0.314 0.31} 0.266 0.335 0.324 0.257 0.314 0.474 0.557 0,296 1.006 0.087
aGrowing season data.
bAverage of RGlL and RG5 for non-growing season, and average of all the raingages for growing season.

<01



Table B3

Descriptive Statistics for Annual Maximum Rainfall Intensities

Data Degcriptive Duration (minutes)
2 Statistics 2 5 10 15 20 30 60 120 240 360 720
RG-1 log-mean 0.69 0.62 0,55 0.47 0.42 0.32 0,11 -0.11 -0.33 -0.45 ~-0.70
std. dev. 0.23 0.19 0,15 .15 0.14 0.14 0.15 0.13 0.15 0.15 0.16
RG-5 log-mean 0.76 0.69 0.59 0.49 0.41 0.31 0.10 -0,11 ~-0.34 -0.49 -0.70
std, dev. 0.26 0.19 0.16 0.15 0.16 0.16 .19 0.1s 0.16 0.16 0.15
Combined log~mean 0.73 0.66 0.57 0.48 0.42 0.32 0,11 -0.11 -0,34  =-0.47 -0.70
RG-1 and RG-5 std. dev. 0.25 0.19 0.16 0.15 0.15 0.15 0.17 0.15 0.16 0.16 0.16
Watershed log-mean 0.74 0.66 0.58 0.49 0.43 0.32 0.11 -0.11 -0.34 -0.47 -0.72
A-1 std. dev, 0.1s 0.15 0,14 0.15 0.14 0.15 0.15 0.14 0.16 0.15 0.15
Watershed log-mean 0.71 0.63 0.55 0,46 0.41 0.30 0.10 ~0.12 ~0,34 ~0.47 -0.72
B-1 gtd. dev. 0.15 0.16 0.17 0.16 0.15 0.15 0.15 0.15 0.16 0.15 0.16
Watershed log~mean 0.64 0.56 0.48 0,40 0.33 0.23 .06 -0,14 -0,35 -0.49 -0.73
Ww-1 std. dev. 0.21 0.15 0.12 0,13 0.14 0.15 0.16 0.15 0.16 0.16 0.16
Watershed log-mean 0.78 0.72 0.61 0.52 0.44 ©0.32 0,10 -~0,11 -0.34 =-0.47 -0.72
W-2 gtd. dev, 0.13 0.10 0.11 0.14 0.15 0.18 0.18 0.17 0.16 0.15 0.16
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Descriptive Statistics

Table B4

for Annual Exceedance Runoff Depth

Water- Descriptive Duration (hours)

shed Statistics 1 2 6 12 24 48 72 120 192

A-1 log~mean -0.633 -0.439 -0.217 -0.123 ~0,089 ~0.072 -0,064 -0.064 -0.064
std, dev. 0.286 0.247 0.214 0.223 0.221 0.247 0.242 0.243 0.243

B-1 log-mean -0.656 -0.444 -0.217 -0.118 -0.059 -0.022 -0.,007 -0.002 -0.002
std. dev. 0.226 0.232 0.238 0.241 0.215 0,224 0.230 0.237 0.237

w-1 log-mean -0,815 -0.666 ~-0.451 -0.328 -0.203 -0,098 -0,028 0.035 0.120
std. dev. 0.287 0.294 0.291 0.276 0.256 0.260 0.251 0.263 0.262

W-2 log-mean -0.685 -0.506 -0.284 -0.174 -0.097 ~0.043 0.001 0.049 0.076
std, dev. 0.252 0.216 0.184 0.196 0.173 0.189 0.183 0.182 0.188
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Descriptive Statistics

Table BS

for Temperature, Humidity, and Wind Speed

Descriptive

Data Statistics Jan. Feb. Mar. Apr. May June July Aug, Sept, Qct, Nov. Dec,
Min.a log-mean 1,165 1.306 1,490 1.664 1.694 1,801 1.853 1,832 1.756 1.636 1.515 1.325
Temp. std. dev, -0.033 -0.039 -0.030¢ -0.019 -0.043 -0,027 -0.015 -0.014 -0.023 -0.030 -0.023 -0.037
Max. log-mean 1.760 1.762 1.852 1,906 1.942 1.964 1,968 1.967 1.959 1.915 1.852 1.779
Temp., std. dev, 0.082 0,069 0.055 0.022 0,022 0.027 0.020 0,023 0.020 0.026 0.058 0.064
Min. log-mean 1.474 1.432 1.286 1.236 1.289 1.315 1.409 1,382 1.317 1,229 1,334 1.437
Hum. std, dev, -0.200 -0.145 -0.226 -0.251 -0,192 -0,306 -0.187 -0.294 -0.223 -0.299 -0.224 -0.207
Max. log-mean 1.991 1.997 1.988 1.989 1,986 1.985 1.985 1,985 1.992 1,988 1.989 1.992
Hum. std, dev, 0.021 0.013 0.020 0.020 0.026 0.024 ¢.025 0.019 0.017 0.016 0.021 0.021
Min. log-mean 0.433 0.430 0.466 0.492 0.420 0.299 0,292 0.219 0.247 0.297 0.398 0,391
Wind std, dev, -0.240 -0.288 -0.158 -0.190 -0.178 -0.281 ~-0.209 -0,325 -0.274 -0.266 -0.195 -0,192
Speed

Max. log-mean 1.139 1.189 1.191 1.182 1.130 1,072 1.026 1.057 1.064 1,102 1.152 1.151
Wind std, dev. 0.114 0.233 0.098 0,093 0.128 0.124 0.081 0,114 0.108 0.108 0.108 0.089
Speed

aCoded to actual

temperature = (t

coded - 20)°F.
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APPERDIX C

COMPARISON TEST DATA
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APPENDIX Cl

Procedure of t-Test for Testing the Differences
Between Two Sets of Data

First, we have to list the two sets of data as follows:

e p——ei et —ealel—— e Aty
e ———— e e

. Data from Station: Difference
Pair # = X =¥ -y
1 2 i~ Yi17te2
L Y11 Yia Xy
2 Y21 Y90 %y
3 Y31 T3 Xa
n Ynl Ynz Xn
Total difference = X

In this table, a single observation is denoted by Yij’ where the first
subscript corresponds to the pair, the second to the statiom.

To estimate the mean difference and to test hypotheses about the dif-
ference between the station effects, we use the differences between the
member of each pair,

xi=Yi1-Yi_2 R A I A I I BRI I O LN L D L B {17]

and treat these as a random sample from the population differences. We then

have,

and

b
et
b2

S, ¥ T -1 % (Xi-X) C et essanaaveerrrar e aensanens [19]
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as unbiased estimates for uk, the mean differences, and for c;, the wvariance

of the differences, respectively.

The variance of the mean difference X is estimated unbiasgedly by,

2
'S

?#M

I R R R R IR B I B R R T B IR I N B L I {20]

The test of the hypotheses H UX = UO is the single-sample t-test with

(n-1) degrees of freedom based on the statistic,

The test of the hypotheses of no differemce in the data of the two sta-
tiong is the special case HO: UX = (0, If the calculated t is legs than the
t-table at the selected lewvel of significance, then we can comclude that

there is no difference between the two sets of data.



0

10

W

50

40

112
APPENDIX C2

COMPUTER PROGRAY LIST FOR TESTING THE DIFFERENCES BETWEEN
TWO SETS OF DATA (T-TESY)

REAL JAN,4AR,MAY,JUN,JUL,OCT,KOV

REAL SUMD(15) ,AVDIF({15),5UNDSQ{15) ,SD{15)

REAL AVA(15) ,AVB(15),SDB(15),TCALC(15) ,XK(60,15),5UMa,SUMB
INTEGER YEAR(60), N, NUM(15)

N=0

READ 10,YEAR(N+1) ,JAN,FEB,MAR,APR,MAY,JUN,JUL,AUG,SEP,OCT,

$ NOV,DEC,ANN

THE READ AND FORMAT STATEMENTS HAVE TO BE CHANGED POR
OTHER DATA

FORMAT (I4,12FS5.2,F6.2)

IF (YEAR(N¥+1).EQ.0) GOTO 8

N=N+1

THROUGH THE ENTIRE PROGRAM, ALL NUMBERS OF 13 HAVE TQ BE
CHANGED FOR OTHER DATA

X(N,1) =JAN

X (N,2) =FEB

X (N, 3) =MAR

X(N¥,4) =APR

X{N,5) =MAY

X (N,6) =JON

X {N,7)=3UL

X (N¥,8) =AUG

X(N,9)=SEP

X (N, 10) =0CT

X(¥,11)=NOV

X (N, 12) =DEC

X(N,13)=aNN

THE VARIABLES APTER = HAVE TO BE CHANGED POR OTHER DATA
GO TO 30

DO 9 I=1,13

NUM (I} =N

DO 40 I=1,13

N=NUM (I)

AVA IS THE AVERAGE OFP THE FIRST SET OP DATA
AVB IS THE AVERAGE OF THE SECOND SET OF DATA
SUMD IS THE SUM OF THE DIPFERENCES

SU¥DSQ IS THE TOTAL OF THE SQUARE OF THE DIFPFERENCES
SD IS THE STANDARD DPVIATION OF THE DIFFERENCE
TCALC IS THE CALCULATED T FOR THE TEST

SUMA=0

SUMB=0

N2=N/2

DO 50 J=1,N2

SUMB=SUMB+X(J+ N2,I)

SOMA=SUMA+ (X (J,I))}

AVA (I) =SUKA/N2

AVB (I) =SUMB/N2

CONTINUE



78

79
77

1

98

112

66

27

113

PO 77 I=1,13

N2=N/2

N=NUH (1)

SUMD{I) =0

SUMDSQ (I)=0

Do 73 J=1,N2

SUMD {1} =SUMD(I)+ (X (J,I}-X (J+¥2,I))

AVDIF (I}=SUMD({I} /N2

N2=N/2

DO 79 J=1,N2

SUMDSQ (1) =SUMDSQ (I} + ({X (J,I)~X (J+N2,I)) ~AVDIF(I)) **2

CONTINOE

DO 11 I=1,13

N=NUH (I)

N2=N/2

XN2=N2

DO 98 I=1,113

SD{I) =SQRT(SUMDSQ(I)/{(XN2 -1))

SDB (I} =SD(TI) /SQRT (XN2)

TCALC(I)=AVDIF(I)/SDB(I)

CONTINUR

PRINT 112

FORMAT (8X,*YEAR', 3X,'JAN’,3X, *FEB', 3X, *MAR', 3%, ' APR?, 3X,
$ 'N¥AY',3X,*'JUN',3X,'J0L',3X,'20G*,3X,'SEPY, 3%, t0CT!, 3%,
$ 'NOV',3X,'DECY,3X, ANN") '

PRINT 66,AVA(1) ,AVA(2) ,AVA(3),AVA(4) ,AVA(5) t1e1(6),AVA(T},
$ AVA(8),AVA(9 ) ,AVA(10) ,AVA(11) ,AVA(12),AVA(13),AVB(]),
$ AVB(2) ,AVB{3),AVB(4) ,AVB(5),AVB(6) ,AVB(7) ,AVB(8B),AVB{9),
$ AVB(10) ,AVB{11),AVB(12)},AVB(13), '
$ SUMD(1),SUMD(2),SUMD{3),SUMD (4} ,SUMD{5) , SUMD (6} ,50MD(7)
$,3UMD (8) ,SUMD (9) ,SUMD (10) ,SUMD(11) ,SUMD{12),SUND (13}

FORMAT (2X,*MEAN A', 13P8.2/2X,'MEAN B',13F8.2/
$ 2X,'SUMDIF*,13F8.2)

PRINT 97,AVDIF(1) ,AVDIP(2) ,AVDIF(3),AVDIF{4) ,AVDIF (5},
$ AVDIF (6) ,AVDIP(7),AVDIF(8) ,AVDIF{9 )},AVDIF(10),AVDIF(11),

$ AVDIF({12) ,AVDIF{13),SU%DSQ (1) ,SUMDSQ(2),SUMDSQ (3},

3 SUMDSQ(4) ,SUMDSQ(5),SUNDSQ(6) ,SUMDSQ(7) ,SUMDSQ(8),
$ SUMDSQ(9) ,SUMDSQ(10),SUNMDSQ{11),SUMDSQ(12),SUMDSQ(1)

FORMAT (2X,'MEAN-D',13P3.2/1X,'SUN DS2',13P8.2)

PRINT 91,5DB(1) ,SDB(2),SDB(3) ,SDB(4),5DB(5),S5D8(6),SDB (7Y,
$ sDB(8),SDB(9),SDB(10) ,SDB(11),SDB(12),SDB(13),TCALZ( 1),
$ TCALC{2),TCALC{3),TCALC(4),TCALC{S),TCALC {(6),TCALC(T),
$ TCALC(8 ),TCALC({9 ) ,TCALC(10},ICALC(11),TCALC(12),
$ TCALC{13)

91 FORMAT(2X,'SD-DIF',13F8.2/3%,*TCALC',13F8. 2)
PRINT 35,N2
35 FORMAT {5X,"NUMBER OF YEARS=',IS)
STOP
END
SENTRY

-~
o

55TOP

THE DATA CARDS AS INPUTS ARE PLACED HERE



Table Cl

Test of Differences in Monthly and Annual Total Rainfall

Eifferences Calculated t for;
Between: Jan. Feb. HMarx. Apr. May June July  Aug, Sept. Oct, Nov. Pec. Aan.
RG-1 and RG-5  -1.24 1.03 1.96 0.32 0.90 -0.52 -1,48 -1.56 0.37 -1.96 -1.26 1.02 -0.12
Watersheds 1.18 0.74 -1.18 0.97 -3.44° 0.11 -0.40 -0.48 0.21 -1,53 -1.22 -0.68 -2.12
A-1 and B-1 . . - - . . . : , . ) .68 -2.
Watersheds 1.61 0.60 -0.75 0.92 -2.39% -0.66 0.88 0.96 0.38 -0
g : i ) . i ) ) . 38 -0.11 -0.71 1.77 -0.79
Watersheds 21.50 -0.3% 0.66 -0.99 2.21% 0,30 0.42 ~1,79 -0.14 -1,72 0.19 -1.,61 -0.12
A-1 and W-2
Watersheds a a

2.18% 0.13 0.63 0.59 1.20 1.13 -0.85 -1.55 -0.22 -2,31® 0.16 -1.57 -0.85
B-1 and W-1
Watersheds b
Watersheds -2.00 0.30 0.5 -0.19 1.12 0.41 0.24 -2,03 -0.01 -3.11° -0.14 -1.62 -0.97
Watersheds 1.2¢ -0.47 -0.51 0.78 -0.18 O -0.88 1.89 -0.18 2.34% 0.52 1.31 0.79
W-1 and W-2
RG-1 and Urbana -5.10° -3.18° -5.20° -1.38 -0.57 -0.03 -2.51% -1.07 0.69 -1.16 -2.15° -3.34° -4.40°
RG-S and Urbana -5.94° -3.16° ~2.99® 1.36 -0.10 -0.23 -2.86° -1.77 -0.83 -1.98 -2.50° -3.17° -4.43°

t-table are 2,060 (5% level of significance), and 2.787 (1% level

#gignificantly different

b

Highly significantly different

of significance)
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Test

Table €2

of Differences in Growing Season Monthly Total Rainfall

Differences

Calculated t for: t-table
Between; Apr, May June July Aug., Sept. oct. 5% 1%
RGl and RG3 0.43 -0.16 -0.05 1.31 0.45 2.94b 1.64 2,064 2,797
RGL and RGA 0.52 -0.14  0.93  3.08°  1.62  2.45°  1.60 2.066 2,797
RG1 and RG5 0,32 0.90 -0,52 -1.48 -1.56 0.37 -1.96 2.056 2,779
RGl and RGH 1.05 0.87 0.55 1.35 2.07 1.60 1.11 2,060 2,787
RG3 and RG4 0.60 0.71 0.16 1,37 1.20 0.58 0.44 2,069 2,807
RG3 and RGS 0.10 -0.28 0.61 -0.14 1.08 -2,46 -0.05 2.064 2,797
RG3 and RG6 -1.06 -0.49 -0.36 0.40 -1.38 0.83 0.03 2.064 2.797
RG4 and RGS -0.56 -1.61 0.60 -1.79 -0.04 -2,05 -0.74 2,064 2.797
RG4 and RGO 1.64 0.55 -0.70 -2.05 0.25 -1.67 -0.13 2,064 2,797
RG5 and RGb 0.77 0.64 -1.23 -0.44 1.05 1,17 -0.,13 2,060 2,787

3gignificantly different

bHighly significantly different

STI



Table C3

Test of Differences in Monthly and Annual Total Rainfall

Differences Calculated t for:

Between; Jan, Feb, Mar, Apr, May June July  Aug. Sept. Oct, Nov, Dec. Ann.
RG1L and a a a b
Watershed Al 0.15 -1.47 -2.,23° -0.81 2.3% 0.69 2,07 1,12 0,35 2,18 1l.14 -3.01" 1.59
RGl and a b
Watershed Bl -1.56 -1.27 =-2.30 1.08 .72 0.99 1.48 -1,19 0.68 1.98 1.12 -2,98" 0.78
RGI and a a b a
Watershed Wi 1.60 -1.28 -2,42 0.67 1.33 0.37 2,68 -0.44 0.59 3,117 1.12 -2.49 1,18
RGL and a b

Watershed W2 1,68 -1.32 -2.30 1.23 0.94 0.25 0,53 0.98 0.34 3,45 1.14 -1.93 1.54
RG5 and -1.18 -0.65 0.42 -0.72 2.98° -0.12 -0.23 -1.50 0.48 1.14 0.11 -2.57% 1.07
watershed A]_ . . - . - - - - - - - . -
RG5 and a a
Watershed Bl -1,53 -0.24 0.38 0.86 2,35 -0.11 -0.35 -1.53 0.78 0.31 0,02 -2,54 0.43
RG5> and -0.79 -0.39 0.25 0.90 1.87 -0.41 0.14 -1.31 0.71 1,37 -0.01 -2.41 0,87
Watershed Wl * ‘ y . . . . . . . . . .
RG> and _0.18 -0.69 0,08 1.69 1.93 -0.42 -0.52 -0.62 0.46 2.26° 0,07 -1.86 1.91
Watershed W2

Note: the t-table for 5% level of significance is 2,060 and for 1% level of significance is 2.787

aSignificantly different

bHighly significantly different
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Table C&4

Test of Differences in Rainfall Intensities

Differences Calculated t for Duration (minutes): t-table

Between: 2 10 15 240 720 5% 1%
RGL and RG5 -1.23 ~1.37  0.53 0.41 0.19 2.056 2.779
ﬂitzzghgis -1.43 -1.83  -2.10° 0.56 0.19 2.056 2.779
Ki“iighzgs -1.56 -5.94° -5.40° -2,58% -1.09  2.056 2.779
E;tzigh;gs 1,47 ~1.41 -1.34 0.37 -0.32  2.056 2.779
Hatersheds -1.16 -3.66° -3.70° -3.49° -2,96° -1.73  2.056 2.779
g;tzijh;gs -2.07% -1.97  -2.28° 0.59 -0.27 2,056 2.779
3i“§§3h§gs -2.44 7.14° -6.02" -0.75 -0.79 2.056 2.779

aSignificantly different

bHighly significantly different

LT1



Table C4 (continued)

Calculated t for Duration (minutes):

t-table

1%

Differences
Between: 2 5 10
RGL and 0.65 -0.89 -1.37

Watershed Al

RG1l and
watershed Bl 0.15 -0.04 -0,21

a b

RGl and 3.35

Watershed Wl 0.92 2.26

RG1l and a a
Watexrshed W2 -1.51 -2.18° -2.49

RGS and

Watershed Al -0.97 -1.11 -0.68
RGS and
Watershed Bl 1.30 1,64 1.29

RG5 and b b
Watershed Wl 1.70 3.04 3.61

RG5 and

Watershed W2 0.35 -0.11  -0.25

2,779

2,779

2,779

2.779

2.779

2,779

2,779

2,779

aSignificantly different

bHighly significantly different
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Table C5
Test of Differences in Annual Exceedances Runoff Depth

Calculated t for Duration (hours):

Differences t-table
Between: 1 7 3 17 24 48 72 120 192 5 7
Watersheds . (ob 3 g6 589  -1,22  -2.60% -1.87 -2.33% -2.56% -2.57% 2.069 2.807
Al and Bl

Watersheds . ob o ob o 1B 15 240 L1751 2.62° 0.03 2.79% 5.39° 2.074 2.819
Al and W1

Watersheds 5 ,b 5 5P 5 03b  3.92° 272 0.95 -0.55 -3.60° -5.75°  2.069  2.807
Al and W2

Watersheds o ob 3 0P g oP  _10.95% _17.39® 6,89 -4.05° 0.94 e6.11° 2.074 2.819
Bl and Wl

Watersheds 5 o0b o b o gD 5.0 5 o904 40P 5 8% 0,23 -2.56° 2.069 9.807
Bl and W2

watersheds o 5.b _, o9b ooggb g 06P 43P 101 -0.54 0.48  3.13° 2.074 2.819
Wl and W2

aSignificantly different

b

Highly significantly different
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APPENDIX D

LOG-PROBABILITY CURVES
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Figure D1. Log-Probability for Monthly and Annual Total
Rainfall, RG-1
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Figure D1. (continued)
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Figure D4, Log-Probability for Summer Monthly Total
Rainfall, RG-4
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Figure D9, Log-Probability for Monthly and Annual Total
Rainfall, Watershed A-1
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Figure D10. Log-Probability for Monthly and Annual Total
Rainfall, Watershed B-1



( inches )

RAINFALL DEPTH

134

PROBABILITY (%)

90 50 20 10 5 2
€0 ] ANN
”,#",f—""
’/,,,f*”’ ocT
30 e
20
10
5
: ‘
|

1.4 2 5 10 20 50 100
RETURN PERIOD T (years)

Figure D11. Log-Probability for Monthly and Annual Total
Rainfall, Watershed W-1
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Rainfall, Watershed W-2
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Figure D13. Log-Probability for Amnual MaXimum Rainfall
Intensities, Watershed A-1
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Figure D16, Log-Probability for Annual Maximum Rainfall
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Figure D17. Log-Probability for Annual Exceedance Runoff
Depth, Watershed A-1
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Figure D18. Log-Probability for Annual Exceedance Runoff
Depth, Watershed B-1
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Figure D19, Log-Probability for Summer Months Exceedance
Runoff Depth, Watershed W-1
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Depth, Watershed W-2

100



MINIMUM WIND SPEED

PROBASBILITY (%)}

120

144

MAXIMUM

HUMIDITY (%}

MAXIMUM

TEMPERATURE
(°F}

MAX IMUM
WIND SPEED
(mph)

MINIMUM
TEMPERATURE
+ 20° F
MINIMU M
HUMIDITY (%)

MINIMUM
WIND SPEED
(moh}

c $0 20 1Q 3 2 [
O— Q 12%_ i | l 1 ]
Lad /
L
z
wn
a
=
=
S— 5 80— —
3
=
=
<
=
aQ
2z
<
D
2= = 20—
=
=
3
T
w
<
3
=
w
a
p-
wi
—
o ! i1
1.1 2 5 0 20 50
RETURN PERICD T {years)
Figure D21. Log-Probability for Daily Average Minimm

and Maximum Temperature, Humidity, and Wind
Speed for January.
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Figure D23. Log-Probability for Daily Average Minimum
and Maximum Temperature, Humidity, and Wind
Speed for March.
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Speed for June.
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Figure D27. Log-Probability for Daily Average Minimum
and Maximm Temperature, Humidity, and Wind
Speed for July.
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and Maximum Temperature, Humidity, and Wind
Speed for August.



- MINIMUM WIND SPEED

152

MAXIMUM
PROBABILITY {%) TEHRERA-
N 50 20 0 s 2} repy
L I
10 e 100 - HUMIDITY
) ("e}
o
w
i
o
wn
o
Sp— & 50—
=
E
- = 30 [Tt~ TEMPERA-
X T TURE
<t {(*F)
z /MAXIMUM
— — WIND SPEED
: <zt ® // {mph)
Ny . :
= —1
=] \
=
S
g \ N MIN MU
E HUMIDITY
Ei \ (%)
ra T \\wmwm
= WIND SPEED
- {meph}
3 a
1 2 ) 0 20 5S¢ 100

RETURN PERIOD T (yearg -

Figure D29. Log-Probability for Daily Average Minimum
and Maximum Temperature, Humidity, and Wind
Speed for September.
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Figure D30, Log-Probability for Daily Average Minimum

and Maximm Temperature, Humidity, and Wind
Speed for October.
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Figure D31. Log-Probability for Daily Average Minimum
and Maximm Temperature, Humidity, and Wind
Speed for November,



MINIMUM WIND SPEED

155

PROBABILITY (%)
2

12 50 20 10 5 N
0p— |00k= J I Hu&?lw
o . MAXIMUM
wd —‘,ﬁﬂ-“-TEMPERA'
g _,.--""_-/- TURE
@ / L°F 1
s}— £ sor
=z
=
3 \
3 S o \\\\\\~
g MAXIMUM
-—_ \ |_{WIND SPEED
21— 20}~ < " (mph)
< \ = MINIMUM
x _—— ToRET 200
-
5 — - Q
E N
U
1.op~ 2 10} \\ (%)
n MINIMUM
g WIND SPEED
{meh}
b
x
AW s
=
al
P
3 3 1
1) 2 ) 0 20 50 100

RETURN PERIOD T (yecrs

Figure D32. Log~Probability for Daily Average Minimm
and Maximum Temperature, Humidity, and Wind
Speed for December,
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RAINFALL-RUNOFF CORRELATION

AND REGRESSION
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APPENDIX El
Calculation of Regression Equations

In a simple correlation (one in which there is only one independent

variable), the limear regression equation is written
Y=A+BX ..c... f et enieaare e s e eeeee. [22]

in which ¥ is the dependent variable, X is the independent variable, A is
the regression constant, and B is the regression coefficient. The co-

efficient B is evaluated from the tabulated data by use of equation

_ - 2
B-Z ('Kiyi)/bxi RN E N N I I v oa e L N NS [23]

in which x, is the deviation of a single value X from the mean Mx of the
series, and Y4 is similarly defined from the mean My of its series. The

regression constant A is obtained from the tabulated data by use of equation
A=M -BM ........ ceneas Cenaen e Ceaeaeas cen [24]
4 X

in which M& is the mean of the independent variable, My is the mean of the
dependent variable, and B is the regression coefficient.
The correlation coefficient R is the square root of the coefficient of

determination R2 which is determined from the equatiom

2

R- = (Ix )Z/Exizyi Ceeresemenariaieneveninna cee [25]

174

The mumber of degrees of freedom (df) is obtained by subtracting the
number of variables (dependent and independent) from the number of events

tabulated for each variable.
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APPENDIX EZ
COMPUTER PROGRAM LIST FOR RALNFALL-RUNOFF
CORRELATION ANALYSIS

REAL PCPTN,RUNOFF
REAL X {10U,2)},SUMA,SOMB,SUNMC,ABEAN (2)
INTEGER YEAR,NUM(Z2)
PRINT 8
. FORMAT (6%,'LEGEND'/6X,' BSQ =COEFFICIENT OF DETEBMINATION'/
$ bX,' B =COEFFICIENT OF CORRELATION'/6K,' B =REGRESSION
$ COEFFICIENT OR SLOPE'/6X,' A =REGRESSION CONSTANT OR POINT
5§ OF INTERCEPT'/6X,' N =NUMBER OF YEARS')
PRINT 3
}  FORMAT (5X,'YEAR',5X,?PCPTN',5X, 'RUNOFF')
N=0
READ 12,YEAR,PCPTN,RUNOFF
) FORMAT  (I4,1X,F/.4,F7.48)
PRINT 6,YEAR,PCPTN, RUNOFF
»  FORMAT ({bX,I4,2F10.4)
IF (YEAR.BQ.U) GOTO 22
N=N+1
X {N,1)= BRUNOFF
X(§¥,2)= PCPTN
GO TO 10
2 DO 11 I=1,2
SUM=0
DO 44 J=1,N
4  SUM=SUNM+X(J,I)
AMEAN{I)= SUM/N
1 CONTINUE
SuM A=U
SuM B=0
SUM C=¢
DO 55 J=1,¥
SUM A=SUM A+ (X(J, ) -AMEAN (1)) *(X(J,2) ~AREAN(2))
SOM B=SOM B+ (X(J,1) —AMEAN{(1)) **2
SUM C=SUM C+ (X (J,2) ~ANEAN (2) ) **2
5 CONTINUE
BSQ= SUM A%*2/(SUM B*504 C)
R=SQRT (RSQ)
B=5UM A/SUN C
A=AMEAN (1) -B*AMEAN{2)
PRINT 7,N,RSQ,R,B,A

e

7 PORMAT (bX,' N =¢,I5/6%," RSQ =t , PlU.4/6X," R =1, F10.14/
$§ 6X," B =' F10,.4/6X,"' A =, F10. 1)
STOP
END
NTRY

THE INPUT DATA CABDS ARE PLACED HERE
[OP
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Table El
Confidence Intervals and Confidence Limits for

the Correlation Coefficient R

———— ———— —— H##
Correlation Coefficient Std.?fv.of Confidence
R Correlation Limits
Watershed calared Table® Coefgicient T Remark
Calculate 5% 17 R R=3 Sp R+3 S

1. Annual
rainfall-
runoff

A-1 0.6454 0.388 | 0.496 0.114 0,302 | 0.989 R#0
B-1 0.7005 0.388 | 0.496 0.100 0.400 | 1.000 R#0
W-2 0.6574 0.396 | 0.505 0.114 0.317 10.998 R#¥0

rainfall-
runoff

w-1 0.5297 | o0.423]0.537 0.153 |0.069 [0.990 | R #0

dprom Snedecor (1957)




Table E2

t-Test for Differences in Regression Lines

(8 = slope; A = point of intercept)

160

— ==:==:===T===================T=================

Difference Between D.F. .52 t-Calculated t-Table
Watersheds P For B For A 5%, 17
Al and BL 48 1.379 -0.847 21.769° | 2.010 | 2.682
Al and Wl w | s.056 | -0.237 | 30.260° | 2.013 | 2.688
Al and W2 a7 | 7.006 | -1.000 | -40.838" | 2.012 | 2.684
Bl and Wl 4% | 5.224 0.199 | -40.856° | 2.013 | 2.688
31 and W2 a7 | 7.168 | -1.727 | 33.547° | 2.012 | 2.684
Wl and W2 45 | 11.184 1.508 | 54.182° | 2.074 | 2.690

8gignificantly different

bHighly significantly different
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Table F1
Minimum Acceptable Years of Record (Y) for Monthly and

Annual Total Ralnfall

_————_—_—-—_____——-———_————————__————'——_—————__————-—_—._——_-__

Minimum Acceptable Years of Record (Y)a:

Data Jam. Feb. Mar, Apr. May June July Aug. Sept. Oct., Nov. Dec. Ann.

RGL b 4w 4 29 42 43 25 36 68 b % b 9

RG5 b 6 40 29 40 52 74 31 70 b 3% b 9
Wetershed 58 35 37 37 4 25 39 60 100 32 b 9
Hatershed 3o 35 39 39 4 27 4 65 100 33 b 9
Wat;{shed b 39 35 28 38 43 26 41 65 b 33 b 9
“at:};she‘l b 33 37 28 41 38 27 37 75 b 35 b 9

qnalculated from: Y = (4.30 t log R)2 + 6

where t was obtained from t-table for (N-6) degrees of freedom
R is the ratio of 100-year event to 2-year event, each event was
obtained from the corresponding log-probability curve

bThe log-normal distribution method does not apply
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‘Table F2
Minimum Acceptable Years of Record (Y) for Monthly

Total Growing Season Rainfall

— T T S S

Minimum Acceptable Years of Record ¥)2:

|

Data

Apr. May June July Aug, Sept. Oct.
RG3 32 37 38 23 39 70 70
RG4 28 40 36 26 43 84 69
RG6 24 36 39 25 35 76 55

8calculated from Y = (4.30 t log R)2 + 6

where t was obtained from t-table for (N-6) degrees of freedom
R is the ratio of 100-year event to the 2-year event, each
event was obtained from the corresponding log-probability curve
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Minimum Acceptable Years of

Table F3

Record (Y) for Maximum Rainfall Intensities

Minimum Acceptable Years of Record (¥)® for Duration (minutes):

Data

2 5 10 15 20 30 60 120 240 360 720
RGL 19 18 16 13 12 12 13 12 14 13 14
RGS 20 17 14 14 14 15 17 15 14 14 14
Watershed 14 13 13 13 12 12 14 13 14 14 14
Hatershed 14 14 15 15 13 14 14 14 15 14 14
Hatershed 24 13 10 11 12 13 14 13 12 13 12
Watsgshed 12 9 10 12 14 16 17 15 14 13 15

3ca1culated from: Y = (4.30 t log R)2 + 6
where t was obtained from t-table for (N~-6) degree
R is the ratio of 100-year event to 2-year event, each event

s of freedom

was obtained from the corresponding log-probability curve
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Table F4

Minimm Acceptable Years of Record (Y) for Annual Exceedances Runoff Depth

Minimum Acceptable Years of Record ()® for Duration (hours):

Data 1 2 6 12 24 48 72 120 192
Watershed A-1 27 25 24 22 22 20 17 21 21
Watershed B-1 23 27 25 24 21 22 23 24 24
Watershed W-1 31 32 30 30 26 27 26 28 28
Watershed W-2 24 21 16 18 16 17 17 17 17

4calculated from; Y = (4.30 t log R)2 + 10

where t was obtained from t-table for (N-6) degrees of freedom
R is the ratio of 100-year event to 2-year event, each event
was obtained from the corresponding log-probability curve

e et et b
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Table ¥5
Minimum Acceptable Years of Record (Y) for Maximum Temperature,

Humidity, and Wind Speed

__ . —

Minimum Acceptable Years of Record (Y)a:

Data
Jan, Feb. Mar. Apr. May June July  Aug. Sept. oct. Nov. Dec.

Daily Average
Maximum Tem- 11 23 9 9 12 11 9 10 10 10 8 9
perature

Dally Average

Maximum 6 6 6 6 6 6 6 6 6 6 6 6
Humidity

Daily Average

Maximum 9 9 7 7 7 7 7 7 7 7 8 8
Wind Speed

8catculated from: Y = (4.30 t log R)2 + 6

where t was obtained from t-table for (N-6) degrees of freedom
R is the ratio of 100-year event to 2-year event, each event
was obtained from the corresponding log-probability curve
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