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ABSTRACT 

The effects of forest and agricultural land uses on flood unit hydrographs of small catchments is the sub­
ject of this paper. A total of lOS flood.s from small catchments have been used in the study, of which eight are 
predominantly forest and 14 predominantly agricultural land-use catchments, with areas ranging from 0.12 to 7.19 
square miles, situated in the eastern and central United States. Floods were caused by rainstorms of less than 
six hours duration. 

The study is based on the unit hydrograph approach, supplemented by the regression analysis. The unit 
hydrograph is described by the two-parameter incomplete gamma function, enabling the computation of peak values. 
The regression analysis is used for the relationships among the selected hydrologic variables, and between the 
unit hydrograph parameters and the dominant catchment physiographic factors. 

Derived unit hydrographs of flood events are affected by non- uniform distribution of rainfall. It is found 
that the same representative, unit hydrograph peak flow equation is applicable to both the forest and agricul­
tural land-use catchments. The average rise time, Ta , is mainly dependent on land use and catchment physio-

graphic factors A (area), s2 or Sh (slopes), H (total fall), F1 and Cf (percentage of forest cover). A concept 

of representative catchment, equal for all the studied river basins, is introduced, to separate the effects of 
geometry from those of land use. 

The comparison indicates that the unit hydrographs of small catchments are significantly affected by the 
biological type of land use. For a given small catchment the agricultural land use means a greater flood peale 
with a faster surface runoff, while the forest land use means a smaller flood peak with a surface runoff. The 
catchments with the predominantly agricultural land use have unit hydrograph peaks approximately 2 to 4 times 
greater than the predominantly forest land-use catchments, with the values within the range 2-4 depending on 
the percent of catchment forest cover. 

FOREWORD 

The basis for this paper is the material contained in the Ph.D. dissertation of'Dr. Wiroj S·angvaree 
entitled "Land-Use Effects on Flood Peaks," submitted to Colorado State University i n August 1969. The results 
of the study have been further checked by several investigations and when necessary corrected . In the last two 
years , all the material presented in the thesis has been rechecked, and the results recomputed, under the super­
vision of the second author, V. Yevjevich. The graduate students, Shih-Min Tung, Janet Herrin, and Tat L. Wai, 
have cooperated in this check and revision of figures and results. 

The study is based mainly on literature before the year 1969. Though several advanced studies have been 
produced on the subject in the last eight years, the paper was not revised in function of those resul ts, because 
they have been found not to be taking into question the basic premises of this study. The major effort i n the 
study was to separate the effects of geometry, or the geometry related parameters of catchments , from the 
effects of their vegetation land use, with the objective of a better discrimination of influence of the forest 
and agricultural land use on floods of small catchments . The results of this study clearly present that there 
are substantial effects of vegetation land use on the unit hydrograph characteristics. 

Whenever the forest land use is replaced by the small vegetation cover, or by the agricultural land use, 
an increase in the flood peak of hydrographs from the same rainfall should be expected for the same flood re­
turn periods. The other aspects of flood hydrographs, such as the total volume of flood water from a given 
rainfall for forest land-use catchments as opposed to agricultural land-use catchments , and s imilar flood 
characteristics, were not investigated in this paper. 

July 1977 
Fort Collins, Colorado 

iv 

Vujica Yevjevich 
Professor-in-Charge of 
Hydrology and Water Resources Program 



Chapter I 
INTRODUCTION 

1-1 Estimation of Flood Characteristics for Small 
Catchments 

The determination and prediction of flood peaks 
for small catchments is in great demand for compre­
hensive water resources planning, flood flow forecast, 
adequate design of various drainage systems, flood 
control, design of hydraulic structures, and so forth. 
Whenever sufficient and reliable records on stream 
flow are available, the characteristics of flood peak 
discharge should be determined directly from data. In 
other cases they should be determined by a combined 
use of the runoff and rainfall data. Only a tiny per­
centage of runoff from small catchments has been gaged 
(Giusti, 1963). Therefore , the f lood peak discharges 
of ungaged small catchments must be estimated by using 
data on climatologic , physiographic and other factors 
of these catchments. 

Ehtima.ti.on o6 6.tood pe.aJu, 6Mm .t.ma.U JtUJULt ca.tch­
mentb. The currently used methods for the estimation 
of •flood peak flows from small catchments are: 

(1) Empirical or semi-empirical, developed by ex­
perience and judgment; 

(2) Statistical, which can be further classified 
into flood frequency analysis by using regional 
data, and regression and correlation analysis in es­
tabli shing the relationships of flood peak flows to 
rainf all and catchment factors ; 

(3) Rational or modified rational; and 

(4) Those based on composition of flood hydro­
graphs by using the various approaches related to the 
concept of unit hydrograph. 

Flood flow formulas as the empirical or semi­
empirical estimation methods of flood peaks w~re 
mostly originated during the period 1850 to 1890; they 
continued to proliferate until recentl y. These formu­
las give often satisfactory but occasionally very 
crude results. The approach relies heavily on experi ­
ence and judgment of prartitioners. At present, they 
are considered inadequate engineering techniques of 
a relatively small accuracy. 

The flood frequency analysis is a good method for 
predicting floods whenever sufficient data are availa­
ble. The accuracy depends on the size and reliability 
of available samples. Resu lts are subject to signifi­
cant uncertainties in case of small catchments, es­
pecially those with less reliable data . 

Regression and correlation analysis is used mainly 
to establish relationships between hydrologic variables 
(Chow, 1964, Section 8-[1). Many investigation results 
are available from the correlation of hydrograph peak 
flows and various hydrologic factors (Dickinson, et 
al , 1967). The prediction equations are often based 
on limited amount of data, and they disregard the ef­
fect of land use. 

Rational methods and the unit hydrograph methods 
are currently used by engineers and hydrologists, be­
cause their physical meaning is reasonabl y clear. The 
rational methods should be used with an extreme caution. 
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The five methods currently either used or recommended 
for estimating floods from extreme rainfall are: 
Rational Formula (Kuichling, 1889; Lloyd-Davis, 1906); 
the US Soil Conservation Service method (Hydrol ogy, 
SCS Handbook, 1957); the Bureau of Public Roads method 
(Potter, BPR Hydraulic Design Series, 1961); Chow's 
method (Chow, 1962) ; and Tacitly Maximized Peaks method 
(Reich and Hiemstra, 1965). Results of their compari­
sons indicate that none of the five methods is reliable . 

E66ect6 oa vege.ta:ti.on covel!. on compone.nt6 o 6 
hydtolog~ cycte. It has been recognized for some 
time that the vegetation cover influences a number of 
components in the hydrologic cycle (Chow, 1964, Section 
21~22; Bruce and Clark, 1966). These components in­
clude direct itrterception of a part of pr ecipitation 
by vegetation, reduction of evaporation from soil, in­
crease of infi l tration by opening up soil channels 
through development of roots , depletion of soil moisture 
by evapotranspiration, trapping and shading of snow­
pack , binding the soil against erosion, factors affect­
ing the hydraul ic characteristics of overland flow, 
and so forth. 

Beneficial effects of vegetation are: (l) Ground 
shading , minimizing wind influence ; (2) Spreading of 
water flow over the land surface and thus retarding 
the surface runoff and increasing the infiltration; 
(3) Developing of a more porous soil texture within 
the root zone as the result of building up and main­
taining the organic content of the soil; (4) Establish­
ing and maintaining the undecomposed or partly decom­
posed organic matter at or near the soil surface; and 
(5) Increasing of storage capacity and infiltration of 
the soil, resulting in lesser erosion and lesser gully 
formation. 

Fo~e.t.t v~u4 ag~cu.e.t~ catchme.nt6. Forest 
catchm~nts i n the United States are predominantly 
covered hy deciduous or coniferous trees associated 
with other ~ma ll trees , shrubby species and grassland. 
Fore~t catchments are mostly located on rough, poor 
~oil mountainous area (Sapper and Lull , 1967, p .99). 
Forest land is generally regarded as an area of optimum 
infiltration and negligible overland flow (Sapper and 
Lull, 1967, pp. 247 and 545) . Soils under undisturbed 
forests have characteristics that are favorable for 
infil tration , such as porous channels caused by roots 
and activity by soil organisms, organic matter in the 
surface layers, and accumulation of organic debris 
(Auten, 1933; Lassen et al, 1951). Forest vegetation 
has deep root zone development that increases the 
amount of detained water in the soil storage. They re­
duce the overland flow and affect the surface-runoff 
hydrograph resulting f rom a storm rainfall (Sapper and 
Lull, 1967, p . 545). The r emoval of forest vegetation 
affects intercept ion, snowmelt, soil moisture and in­
filtration rate, and increases the total runoff (Hoover, 
1944; Love, 1955; Garstka et al, 1958; Anderson and 
Gleason , 1960). The amount of increased surface runoff 
and peak flows caused by heavy rainstorr.~ of t he 
forested catchments, whose vegetation has been removed, 
vary according to the rainstorm and catchment charac­
teristics (Sapper and Lull, 1967, p. 551). 

Agricultural catchments are mainly covered by 
small plants, cr ops and herbaceous vegetation, which 
have shallow root zone, and intercept lesser amounts 



of precipitation than forest trees (Chow. 1964, Section 
6). Agricultural areas possess smaller water storage 
capacities . A larger surface runoff is expected from 
high intensity rainfall. The runoff from agricultural 
catchments is regarded sometimes as nonvirgin flow, 
because it is influenced by man's works, such as land­
use practices, farm practices and small water di­
versions. The study of the effects of vegetation 
cover and land-use practices, especially the use of 
terraces in conjunction with rotation contour cropping, 
on peak flows of short return period floods from small 
agricultural catchments indicates that they decrease 
the number and the average magnitude of peak flows 
(Hobbs. 1946). 

An exploratory study of the effects of land use 
upon the hydrograph rise time (Om Kar, 1967) showed a 
general trend of the rise time being longer for the 
forested catchments and shorter for the others. Bell 
(1967) also found that the representative lag time or 
the median lag time of small catchments covered by 
forest and good-wood land is longer than those of small 
catchments covered by crops and poor to fair pasture. 
Therefore, an agricultural land-use catchment is ex­
pected to have a greater unit hydrograph peak flow 
than the forested catchment. 

1-2 Needs for Study of Land-Use Effects on Flood Peaks 

Various developments have brought into focus the 
need for accurate techniques related to f lood control 
design practi ces for small catchments. Usually a large 
number of small or moderate-size relatively unexpensive 
~tructures are involved in these developments. !low­
ever, the total expenditure is substantial for a region. 
Advanced techniques are needed for the economical and 
accurate designs of typical flood control and drainage 
structures, which are used many times along the c~annels 
of small catchments. 

A need exists for detailed investigations of ef­
fects of various catchment factors on flood hydrograph 
parameters. This should be paralleled by studies for 
a proper understanding of hydrologic physical processes 
of small catchments, leadi ng to a more accurate pre­
diction of flood peak discharges by the appropriate 
methods . 

A classical hydrologic problem of the past has 
been t he determination of effects of forests on floods 
in comparison with the flood characteristics of small 
catchments with the agricultural land use . The more 
detailed ramifications of the problem are: (a) Do 
forest land use produces smaller flood p·eaks than the 
agricultural land use for all the other flood-affecting 
factors being the same at a small catchment? (b) Do 
substantial differences exist in the catchment re­
sponses of these two land uses? (c) Are these re­
sponses linear or non- linear, and i n such a way that 
the forest land use produces smaller flood peaks for 
moderate flood return periods and approximately the 
same or even greater flood peaks for the large return 
periods (extreme floods) than the agricultural land 
use? (d) How do the flood characteristics change when 
the small catchments undergo various modifications in 
the forest and agricultural land uses? 

It is somewhat easier to study the effects of 
urbanization on floods, because of the relatively 
simple effects of urban impervious areas on surface 
runoff, drainage, evaporation, soil moisture and 
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groundwater replenishments, water quality, etc., than 
to study the effects of vegetation covers, and changes 
in them, on floods. Significant attention has been 
given to hydrologic effects of urbanization in recent 
years. Because of complexities in the effects, how­
ever, the classical hydrologic problems of biological 
land-use effects on runoff cycle in general, and on 
floods in particular, seem to have been somewhat neg­
lected. Therefore, the study presented in this paper 
represents an at.tempt to revive some aspects of re-
search of these classical problems. · 

1-3 Study Objectives 

Past investigations show that land use is an im­
portant factor which affects the runoff hydrograph. 
Because of complex interactions of different aspects 
of land use, it is difficult t o discriminate their 
effects individually. Two basic reasons are responsi­
ble f or it. First, the shape of hydrographs of small 
catchments is not solely dependent on land use; it is 
affected by a large number of other factors, primarily 
climatic and physiographic. These hydrologic factors 
are more or less mutually dependent . All the physical 
rftlations which govern their behavior are not yet well 
understood. A separation of these individual effects 
on the runoff hydrograph most often is not a simple 
task. Second, differences in effects of various types 
of land use are of the same order of magnitudes as the 
errors in observations of rainfall, runoff, and some 
climatic and physiographic factors. 

The objective of this paper is to develop a method 
to discriminate the effects of forest and agricultural 
land uses on flood hydrographs from small catchments . 
In more details, this objective translates into: 

(1) An investigation of relations between th·e 
dominant physiographic factors which affect the flood 
hydrographs of small catchments; 

(2) A determination of relations between the para­
meters of unit hydrographs and the dominant physio­
graphic factors and rainstorm variables of small catch­
ments; and 

(3) A comparison of flood flow responses of forest 
and agricultural land-use catchments. 

1-4 Procedures to be Used in Investigations 

The unit hydrograph concept, supplemented by the 
use of correlation and regression analysis, is the 
basis of the study. A mathematical expression for the 
unit hydrograph ., in the form of the two- parameter in­
complete gamma function as developed theoretically by 
using the systems approach (Edison, 1951), is applied 
in derivation of the general flood peak discharge 
equation . 

Correlation and regressi on are used to investi­
gate the relations between the hydrologic variables, 
namely: 

(1) Relations between the dominant physiographic 
factors of small catchments; 

(2) Equations for the prediction of unit hydro­
graph peak discharges; and 

(3) Relations between the unit hydrograph para­
meters and the dominant physiographic factors and 
·rainstorm variables. 



Chapter II 
ANALYTICAL CONSIDERATIONS 

2-1 Unit Hydrograph Theory 

The basic assumptions of the unit hydrograph 
theory are: (i) effective rainfall occurs at a uni­
form time rate during the selected unit hydrograph 
interval; (ii) Effective rainf~ll is uniformly distri­
buted over the whole catchment for which the unit 
hydrograph is developed and applied; (iii) Ordinates 
of the direct-runoff hydrographs are proportional to 
those of the unit hydrograph, or the total direct 
runoff of each hydrograph is proportional to the 
volume of unit hydrograph; and (iv) Unit hydrograph 
reflects the combined effects of all the physical 
characteristics of a catchment. 

These assumptions are only approximately satis~ 
fied for any catchment. It is often claimed, and 
practiced, that in case of flood events carefully 
selected for small catchments these assumptions are 
not significantly violated, with approximations ac­
ceptable for practical purposes (Chow, 1964, Section 14). 

2-2 Linear Catchment Systems 

The systems approach to unit hydrograph has given 
an impetus to advanced theoretical analysis (Dooge, 
1959, 1967). In this approach the catchment is con­
sidered without taking into account the complexity and 
details of physical laws involved in its response. 

An ideal system is one that has constant para­
meters (all fundamental properties of t he system are 
invariant with respect to time) and linear character­
istics (the response characteristics are homogeneous 
and additive) . Naturally, all real physical systems 
display nonlinear response characteristics under suf­
ficiently extreme input cond.itions and common non­
linearities usually occur gradually rather than 
abruptly (Bendat and Piersol, 1966). The response 
characteristics of many catchments have been assumed 
to be linear, at least over some lim.ited range of in­
puts, without large errors. 

2-3 Equations of Unit Hydrograph 

Mathematical expressions proposed by Edson (1951) 
for the unit hydrograph lead to a generalized gamma 
function 

i!a+l ta e~Bt 
ut .. iTa+lT (2-1) 

The quanti ties m = a and k = B are the unit hydro­
graph parameters given by Edson. Equation 2-~ gives 
for the peak discharge, or for t • Tr = the t1me to 

peak and dUt/dt • 0, B = a/Tr , so that it becomes 

[ r+l - [; )t 
a a r T t e , 
r 

(2-2) 

with the peak ordinate 

1 a+l -a 1 
Up = r(a+l) a e Tr (2-3) 

Approximations in Eq. 2-3 are 

1 a+l -a 1 a -a 
r (a + 1) a e ,. flaY a e • 0.3989a0•5 • 

for a~ 2, and 
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C ~ 0.3549 a0· 615 for 1 < a < 2. 
a 

(2-4) 

A comparison between the estimated values by 
these approximations of Ca and the exact values of Ca , 

with deviations smaller than 5\, is given in Fig. 2-l. 
Multiplying both sides of Eq. 2-3 by Te = the effective 

rainfall duration, and combining it with Ca , the peak 

flow U T , expressed per unit effective rainfall in-p e 
tensity Ie and per unit area as q /1 " U T /A I e , · p e p e 
with A = the catchment area, can then be estimated by 

~I = C Te 
aT 

e r 
(2-5) 

With the two approximations of Ca , Eq. 2-5 becomes 

~= 0.3989 
0.5 Te 

a~ 2 I 
a r e r 

(2-6) 

and 

~-Ie 
0.3549 a 0.615 Te 

Tr 
• 0.1 < a < 2 ' (2-7) 

with~ • the peak flow per unit area, Ie • the average 

effective rainfall intensity, and Te the effective 

rainfall duration. 

Combining Eqs. 2-2 and 2-3, the dimensionless 
unit hydrograph becomes 

(2-8) 

with Ut/U = the ordinates and t/T the abscissa of p r 
the dimensionless unit hydrograph. 

IO~+:::::::+=+:J+=r==t==R+=t=t=l,=1 
I I II i I I • 

C. j I 

AFI'RX. EO. FOR a ~ 2: 

I -'" o•l 
EXACT : Ccz ,JL_QL_ 

I r1a1-l) 

l I I I I 

-
I I 

r--· I I I I I I ~~ I -
APPROX. EO FOR 0 IS a~ 2: Ccz•0.3549a 

Fig. 2-1. 

a (01MENSIONL£SS) 

Comparison of approximate and exact values 
of C

0 
for the ranges: a~ 2, and 1 < a< 2. 



Chapter Ill 
RESEARCH DATA ASSEMBlY 

3-1 Selection of Catchments and Flood Events for In­
vestigation 

Catchments having areas smaller than 10 square 
miles were chosen for this study in order to minimize 
the effects caused by areal variation of rainfall and 
to avoid the heterogeneity in properties of large 
catchments. A distinct characteristic of most small 
catchments is that the overland flow rather than the 
channel flow is a dominating factor which affects the 
peak flow. They are very sensitive to high intensity 
rainfall of short duration and to the land use (Chow, 
et al, 1957). The total contribution to runoff by 
groundwater, channel interception and interflow is 
usually small for small catchments (Gray, 1962), with 
hydrographs mainly produced by surface runoff. 

The small catchments of 100\ forest cover and 
100% agricultural land use were considered most de­
sirable for this study. However, it was not feasible 
to find a sufficient number of such ideal catchments 
with pertinent data available. Therefore, the experi­
mental small catchments of areas between 0.1 to 10 
square miles, with SO% or more forest and/or agri­
cultural land use were selected as study catchments. 
Selection is limited to those small catchments that 
have been assembled in a prescribed manner at Colorado 
State University as the part of the current program of 
hydrology of small catchments. 

Eight forested and fourteen agricultural land use 
small catchments of areas ranging from 0.12 to 7.19 
square miles, located throughout the eastern and 
central United States, were chosen. The lOS selected 
flood events from these catchments were mainly caused 
by rainstorms of short duration, all of a shorter du­
ration than six hours. A detailed description and 

0 Forest Lond Use 

• Agricultural Land Use 

location of selected catchments are presented in 
Tables 3-1 through 3-3, and in Fig. 3-1. 

Table 3-1. Small Catchments and Their Flood Events 
Selected for Investigation . 

Type of 
Catchment 

Forest 

Agricultural 

Combined 

Range of 
Areas (sq. mi.) 

0. 30 - 7.19 

0.12 - 3.01 

0.12 - 7.19 

Number of Number of 
Catchment Flood Events 

8 

14 

22 

32 

73 

100 

3-2 Selection of Hydrologic Variables 

A large number of rainfall variables, basin physi­
ographic factors and unit hydrograph parameters have 
been advanced in various investigations of their re­
lationships in hydrologic literature. The selection 
of dominant variables is mostly based on experience 
on how they may be interrelated. The factors which 
most affect the flood peak discharge of small catch~ 
ments, used in this study, are first given, namely: 

A. un.u hydlwgiUl.ph paMme.teM 

(1) u p , the peak flow 

(2) T r the rise time 

(3) T a 
the average rise time 

(4) a the shape factor. 

Fig. 3-1. Approximate location of catchments used in the study. 
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Table 3-2. Description and Location of Selected Small Catchments, and the Number of Flood 
Events Used for Each of Them 

Order 
No. 

4 

s 
6 

7 

8 

9 

10 

ll 

12 
13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

Catchment 
No. 

10606104 

10606105 

10608004 

11204004 

11511001 

12412006 

12707001 

12707002 

14309001 

14309002 

!4309005 

14301l006 

14309007 

14309008 

14309009 

14618008 

14618007 

14618008 

14618010 

149ll001 

14911002 

14911003 

Name and location 

Lower Fool Creek at Fraser 
Exp. Fores"t 

East St . Louis Creek at Fraser 
Exp. Forest 

Lower Missouri Gulch 
Manitou Exp. Forest 
~los cow, 11-2 

Ralston Creek at Iowa City 

Oxford, W- 24 

llastings, W- 3 

llastings, W-5 

Riesel, C, (Waco) 

Riesel, 0, (Waco) 

Riesel, W-1, (Waco) 

Riosel, W- 2, (Waco) 

Riesel, Y, (Waco) 

Riesel, Y-2 , (~aco) 

Riesel, Y-4, (Waco) 

Fo~tcrs Creek, W- 1, Blacksburg 
Little Winns Creek, W-1, 
Blacksburg 

Pony ~1ountain Branch, W-1, 
Blacksbur~ 

Rocky R~m Branch, W- 1, 
Bhcksburg 

Fenni1110re, W-1 
Fennia~orc, W-4 

Colby, W-1 

F = Forested, A = Agricultural 

State 

Colorado 

Colorado 

Colorado 

Idaho 

Iowa 

Mississippi 

Nebraska 
Nebraska 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Virgini a 

Virginia 

Virginia 

Virginia 

Wisconsin 

Wisconsin 

Wisconsin 

Area 
Sq. llli.. 

1.12 

3 . . 10 

7.19 

0.11 

3.01 

0.80 

o. 74 

0.64 

0.90 

l. 74 

0.28 

0.20 

0 .48 

0.21 

0.12 

0.61 

2.30 

0.30 

0.87 

0.52 

0.27 

0 .54 

Numher 
of 

Event s 

3 

5 

3 

3 

4 

3 

5 

5 

6 

6 

6 

6 

5 

7 

6 

3 

5 

s 

5 

s 
6 

3 

Table 3-3. Percentages of Areal Coverage by Each Land Use for Select ed Catchments 

Order 
No. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

Cat chment 
:-:o. 

1060C.104 

10606105 

10608004 

11204004 

11511001 

12412006 

12707001 

12707002 

14309001 

14309002 

14309005 

14309006 

14309007 

14309008 

14309009 

14618006 

14618007 

14618008 

14618010 

14911001 

14911002 

14911003 

Stnte 

Colorado 

Col orado 
Colorado 

Idaho 

Io1.,a 

m ssissippi 

Nebraska 

Nanbr ska 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Virginia 

Virgini a 

Virginia 

Virginia 

Wisconsin 

Wisconsin 

Wi sconsin 

Bare or 
Idle 

35 

11 

11 

19 

<.iras5 or 
Pasture 

\ 

49 

35 

3 

15 

10 

28 

24 

17 

30 

41 

31 

31 

26 

9 

30 

9 

16 

13 

21 

5 

Cult i ­
v~ted 

' 

Sl 

45 

3 

82 

87 

69 

73 

78 

65 

57 

68 

68 

IS 

22 

17 

18 

79 

81 

65 

Woo.J land 
or forest 

• 
100 

100 

100 

20 

59 

46 

58 

52 

54 

11 

I ~::pervious 
\ 

3 

3 

3 

3 

s 
s 
2 

2 

1 

5 

6 

3 

Classifi­
cation 

F 

F 

F 

A 

A 

F 

A 

A 

A 

A 

A 

A 

A 

A 

A 

F 

F 

F 

F 

A 

A 

A 

Classifi­
cat ion 

F 

F 

F 

A 

A 

F 

A 

A 

A 

A 

A 

A 

A 

A 

A 

F 

F 

F 

F 

A 

A 

A 



Table 3-4. Physiographic Factors of Selected Catchments 

Or<!er 
No. 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

)3 

14 

Catchment 
No. 

10606104 

10606105 

10608004 

12412006 

14618006 

14618007 

14618008 

14618010 

11204004 

11511001 

12707001 

12707002 

14309001 

14309002 

14309005 

14309006 

14309007 

14309008 

14309009 

14911001 

149ll002 

14911003 

A 

sq. mi. 

1.12 

3.10 

7.19 

0.80 

0.61 

2.30 

0.30 

0.87 

0.28 

3.01 

0. 74 

0.64 

0.90 

1. 74 

0.28 

0.20 

0.48 

0.21 

0.12 

0.52 

0.27 

0.54 

H 

ft. 

1965 

3263 

1484 

217 

101 

167 

451 

109 

106 

149 

75 

112 

51 

64 

so 
46 

52 

51 

45 

133 

90 

78 

L 

mi . 
51 

ft./mi. 

Forested Catchments 

2.38 

4.57 

5 .62 

1.40 

0.61 

2.30 

0.86 

1. 70 

1.02 

2.00 

2.92 

0.81 

0.42 

1. 39 

0.45 

0.76 

826 

714 

264 

155 

101 

73 

663 

64 

Agricultural Catchments 

0.86 0.41 • 123 

3.99 2.07 37 

1. 64 0 . 48 46 

1.45 

1. 70 

2.66 

1.02 

0.57 

0.91 

0.66 

0.51 

1.09 

0 . 60 

1.29 

0.78 

0 .67 

1. 21 

0.47 

0.24 

0.47 

0.30 

0.24 

0.52 

0.27 

0.68 

77 

30 

23 

49 

81 

57 

77 

88 

122 

150 

60 

52 
ft./mi. 

781 

588 

237 

85 

69 

43 

276 

47 

65 

27 

40 

37 

26 

17 

so 
80 

54 

60 

72 

102 

134 

47 

100 

100 

100 

59 

46 

58 

52 

54 

51 

45 

82 

87 

69 

73 

78 

65 

57 

68 

68 

79 

81 

65 

2.168 

2.948 

2.282 

1.418 

0.420 

1 . 390 

1.290 

1.485 

1.259 

2.744 

1.064 

1. 767 

1.266 

1.850 

1. 712 

0.684 

0.891 

0.943 

1.020 

1.090 

0.600 

1.624 

sh x 10
5 

(ft./mi.) 2 

34.475 

34 . 346 

3.063 

0 . 589 

0.167 

0 .121 

6 . 780 

0.137 

0.4013 

0.0738 

0.0760 

0.1960 

0.0289 

0.0235 

0.0893 

0.1058 

0.0563 

0.1239 

0.1688 

0.3402 

0.3000 

0.1128 

Tah1e 3-~. Mean, Median and Standard Deviation of Physiographic Factors of Selected Catchments 

Type of 

Catchment 

Forest 

Agri­
cultural 

Combined 

Statistical 

Parameters 

Mean 

Median 

St. Deviation 

Mean 

Median 

St . Deviation 

Mean 

Median 

St. Deviation 

A 

sq. mi. 

2.036 

0.995 

2.285 

0.709 

0.500 

0.781 

1.192 

0.590 

1.595 

H 

ft. 

970 

334 

1164 

79 

70 

34 

403 

104 

803 

L 

mi. 

2.430 

2.000 

1. 779 

1.354 

1.175 

0.955 

1. 745 

1. 345 

1.379 

1.221 

0.915 

0.860 

0.629 

0.475 

0.489 

0.845 

0.595 

0.693 

6 '• 

51 
ft./mi. 

358 

210 

321 

73 

68 

38 

176 

79 

234 

52 
ft./mi. 

266 

161 

278 

58 

52 

32 

134 

63 

192 

71 

59 

24 

71 

71 

14 

71 

68 

18 

1.675 

1.415 

0.769 

1.322 

1.175 

0 . 570 

1.451 

1. 340 

0.654 

5 
sh x 10 

H
2, .2 
1m1. 

9.960 

1.826 

15.261 

0.150 

0.109 

0.119 

3. 717 

0.152 

10.049 



B. 

c. 

Ra.i.nh tol!m vaJt.i.abtu 

(1) Te the effective rain£all duration 

(2) Ie , the average effective rainfall 

intensity 

(3) M
1 

, the first moment of effective 

hyetograph 

(4) M2 , the second moment of effective 

hyetograph 

(5) Mi , the second central moment of ef­

fective hyetograph 

(6) R1 , the first moment of observed 

hyetograph 

(7) R2 , the second moment of observed 

hyetograph 

(8) Ri , the second central moment of ob­

served hyetograph. 

Ca.tc.hmen-t phy&.i.cgltt1ph).c. 6a.c.toJL 

(1) A the area 

(2) H , the total fall 

(3) L , the main stream length 

(4) Lc , the length to centroid of area 

(5) s
1 

, the main stream slope 

(6) s2 , the average main slope 

(7) Forest and agricultural types of land 
uses 

(8) cf ' the percentage of forest or agri­

cultural cover 

(9) F
1 

or LLc/A , the shape factor 

(10) Sh , or H2 I A , the relief factor. 

The values of these physiographic factors for the se­
lected catchments are shown in Table 3-4 and their 
stat.istical parameters are given in Table 3-S. 

3-3 Research Data 

Hydrologic data assembled for this study are from 
the Small Wat~hed PJLog4am of Department of Civil 
Engineering of Colorado State University (Yevjevich 
and Holland, 1967). High-quality hydrologic data, 
previously recorded and complied by various US federal 
and state agencies, have been further processed, 
punched on data processing cards, and mounted on 
magnetic tape for permanent storage and continuous us~. 
The type of data of interest consists of stream dis­
charge obtained from continuous stage records, rainfall 
from both recording and non-recording gages, and topo­
graphic features of catchments. The types of catch­
ment.s selected can be described as predominantly rural 
or forested with areas less than 40 square miles, 
drained by natural channels. 

7 

3- 4 Preliminary Data Processing 

The physiographic factors of selected saall catch­
ments were computed from topographic maps and mounted 
on a magnetic tape. The types of land use and the 
percentage of cover were obtained from the original 
data as determined by the US federal and state agen­
cies, responsible for experimental catchments. The 
parameters of unit hydrographs and rainfall variables 
were determined from the recorded discharge hydro­
graphs and rainfall mass-curves, respectively, Methods 
of data processing are discussed briefly, and the 
results for the lOS flood hydro graphs .. and rainfall 
hyetographs are summarized in Appendix C. 

Ve!U.va.U.cn o ~ a.veJt.age. hye.togMplu. a.nd a.veJLage. 
e66e.cti.ve hye:tog1tt1pht. . The hyetograph is determined 
directly from the recorded ordinates of the mass 
curve of rainfall. A computer program was written 
to determine the slope of the average mass curve be~ 
tween the suc~essive break points or changes in 
slopes , by 

I. (in/hr) • Pi - Pi-l . 60 , 
l ti ti-l 

with Ii = the i-th value in inches per hour of the 

hyetograph corresponding to the rainfall increment 
(Pi- Pi-l) for the time interval (ti- ti_1). The 

entire mass curve is processed in this way to obtain 
a complete hyetograph. 

By assuming a constant infiltration, the effective 
rainfall hyetograph is obtained as the differences 
between the hyetograph ordinates and ~-index. The 
~-index is an average rate of i nfiltration derived 
from a time-intensity hyetograph (Fig. 3-2) in such 
a manner that the volume of rainfall in excess of this 
rate will equal the volume of direct runoff, Vd . The 

effective rainfall duration, Te , and the average ef­

fective rainfall intensity, Ie , are determined from 

the effective· rainfall hyetograph, as shown in Fig. 3-2. 

" 0 

"' .... 
. !: 

~ I; ,... 
>-
iii 
2! .... 
>-
~ 4> 

"" ~ z 
~ 

0 

I . 
el Ii - ~, in./hour; Ie 

vd x 60 
T , in./hour; 

e 

Fig. 3-2. 

ti - ti-l - 1 . 

2 111l.nutes 

Definition of hyetograph and effective 
hyetograph 



Ca.lcu.e.a..ticn4 o 6 hyetogi!A.ph mome.n.tl;. The weighted 
moments of the hyetograph and the effective hyetograph 
are computed by 

~1 
n 

n n L I. ·Ct .-t1 1) · (t . -Ct . -t. 1)121 
i=l 1 1 - 1 1 1-

n 
L L • Cti-t. 1l 

i=l l 1-

(3-2} 

where Mn • the n-th moment about the beginning of the 

hydrograph, Ii for the hyetograph and Iei for the ef­

fective hyetograph • the rainfall intensity which oc­
curs over the interval ti - ti-l, and t1 - (ti- ti-l)/2 
• the distance from the beginning to the center of the 
interval in question. 

The second central moment is calculated by 

(3-3) 

where Mi • the second central moment. 

Ve.t~n o0 wU:t hydMg!Ulph. Assuming a 
constant base flow for the initial discharge Qo greater 

than zero (in most cases the initial discharge was 
approximately zero), the ordinates of the unit hydro­
graph are calculated by 

u • 
t 

where Ut • the unit hydrograph ordinate at time t, 

(3-4} 

~ • the corresponding hydrograph ordinate, V • the 

total runoff, Vd ~ the direct runoff, and Vb • the 

assumed groundwater runoff. Once the unit hydrograph 
is calculated, its peak flow, Up , and its time to 

peak (the rise time), Tr, are determined as shown in 

Fig. 3-3. The approximate values of Ca of .Eq. 2-4 

are used for a ~ 2, 0.1 ~a < 2, respectively. 

3-S Research Approach in Discrimination of Land-Use 
Effects on Unit Hydroguph 

The shapes of unit hydrographs of small catchments 
are affected by a large number of climatic and physi­
ographic factors. To discriminate the effect of land 
use on peak flows of the unit hydrograph, all the ef­
fects which are due to the other hydrologic factors 
should be removed. This is not feasible in case the 
original data of flood hydrographs are used. 

In this study, only the effects of the dominant 
physiographic factors of small watersheds, as well as 
of some rainstorm and other hydrologic factors, are 
removed by the following procedure: 

(1) Catchments are selected with small variations 
of area and shape factor; 

{2) Flood events are selected for short duration 
rainstorm so that the unit hydrograph method was easy 
to apply, with some hydrologic variables not necessary 
to include into relations: 

(3) Relations between the selected physiographic 
factors and rainstorm variables are established by 

8 

0 
ILl 

" a: .. 
:1: 
c.> 

"' i5 

Tr 
.~Y.£ROG~APH OF' RUNOFF 

TOTAL RUNOFF • Vd • V~, inches 

0

: ;·?7j~·\~~~~t~~~~~~.~"Y~~rrs~.} 
0 TIME I, l minul .. ) 

:>­

"' " • a: .. 
:1: 
c.> 

"' 0 

Fig. 3-3. 

Tr UNIT HYOROGRAPH 

Ut • 01 - Oo in /hour 
v4 

DIRECT RUNOFF • I indl 

TIME 1, l minulu) 

Definition of hydrograph and unit hydro­
graph 

the correlation and regression analysis, so that the 
highly correlated variables could be excluded when 
their effects have been taken into account by the in­
cluded variables; 

(4) The use of the representative unit hydrograph 
and of the peak flow equations of the hydrograph re­
duces much of the effects of climatic and physio­
graphic factors of small catchments to a typical small 
catchment; in other words, the effects of dominant 
rainfall and physiographic factors on the unit hydro­
graph are represented by its rise time and shape 
factor; 

(5) The use of prediction equation for the ~erage 
rise time by applying the correlation and regression 
analysis reduces the effects of representative physio­
graphic factors of small catchments to the catchment 
time chaTacteristic factor (Ta), which is equivalent 

to the average rise time (not significantly affected 
by the selected rainstorm vaTiables), with the unit 
hydrograph and its peak flow for given Ta dependent 

mainly on catchment characteristics; and 

(6) The selection of a representative small 
catchment, by using the median values of dominant 
physiographic factors of all the small catchments 
studied, removes the effects of dominant physiographic 
factors of individual catchments, thus leaving the 
effects of land use only. 

All the uni t hydrographs and their peak flows can · 
then be reduced to the characteristics of the sel ected, 
representative small catchment: A comparison of so 
modified unit hydrographs of small catchments with dif­
ferent land uses then permits the disc.rimin.ation of 
the effects of forest and agricultural land uses on 
flood peaks. 



Chapter IV 
ANAlYSIS OF SElECTED OAT A 

4-1 Oeeendence Amoa! Catchment Factors and Among 
Ra1nstorm Vari les 

Correlation among the selected catchment factors 
and among the rainfall variables were investigated so 
that some of the highly correlated factors or varia­
bles, say with the correlation coefficients of IRI > 0.91 
can be excluded with their effects taken into account liy 
the included factors or variables. This approach re­
duced the number of ~ependent variables in the re~ 
lations between the unit hydrograph 'parameters and the 
selected factors or variables by the regression ana­
lysis. Both the original values and their logarithms 
of the catchment factors and rainstorm variables were 
analyzed in this correlation. A stepwise multiple 
linear regression program was used to estimate the 
relations among the catchment factors and among the 
rainstorm variables. 

Results of the correlation analysis are shown in 
Tables 4.1 through 4.12, with IRI ~ 0.90 designated 

with an asterisk. They indicate that many factors or 
variables are highly mutually correlated, therefore 
dependent. Prom the highly correlated factors or 
variables, a single variable may represent the effects 
of other factors or variables. The following factors 
or variables are selected as representative: 

(1) In case of the geometric factors of catch­
ments (Tables 4- 1 through 4-6) : 

with A representing A, L, and Lc and either 52 or ~ 

to represent 51 , 52 and ~ ; and 

(2) In case of the rainstorm variables (Tables 
4-7 through 4-12): · 

with M1 representing M1 , M2 , R1 and R2 , and Mi 

representing Ri and Mi . 

Relations between the catchment physiographic 
factors of combined catchments (both forest and agri­
cultural land-use catchments) are given in Table 4-13 
and plotted in Figs. 4-1 through 4-4. Regression 
equations presented in Table 4-13 are designated by 
Eqs. 4-1 through 4-4. Equation 4-4 offers a way of 
determining 52 from ~ and F1 , or indirectly by Eqs. 

4-1 through 4-4 fro• A, H, L and Lc . Table 4-13 

provides the multiple correlation coefficient (R), the 
the square of the multiple correlation coefficient 
(R

2
), and the standard error of estimates (5 ) . ey 

4-2 Prediction Equation for Peak Flow of Unit 
Hydro graphs 

To develop the peak flow equation of unit hydro­
graphs for a particular group of small catchments, 
their C~ values must be estimated. The flow equation 

is then obtained by using these C values. Three 
~ 
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Table 4-1. 

A L 

Correlation Matrix of Physiographic 
Factors for Forest Catchments 

H sh cf 

A 0 920* . 970* 0 432 -. 035 0 091 0 565 .032 .654 

L 

L c 

H 

Table 4-2 

loa A. toa L 

toe A. .911* 

loc L 

loa Lc 

loa H 

loa s1 

loa s 2 

toe F1 

log s h 

Table 4-3. 

A L 

A .986* 

L 

Lc 

H 

51 

52 

Fl 

sh 

.981* .718 .222 .373 .832 

.589 .085 .231 .728 

0 738 .843 .893 

0 924* 0 591 

.697 

.368 

.211 

.887 

.872 

.965* 

.725 

.845 

.763 

. 891 

.604 

.785 

.901* 

.746 

Correlation Matrix of Logarithms of 
Physiographic Factors for Forest Catch-
ments 

loa Lc loa H loa s1 
log s2 toe F1 lo~ s 11 log cf 

.967* .516 .020 .181 .582 .172 .724 

.97a.• .715 .278 .419 .862 .438 .871 

.631 .175 . 312 0 763 .326 . 811 

. 859 .928" .779 .932' .927• 

.970' .529 .979' . 633 

.592 .991* 0 771 

.650 .824 

0 761 

Correlation Matrix of Physiographic 
Factors for Agricultural Catchments 

L c H 51 52 Fl 5h cf 

.979" .518 -.540 -.552 .817 -.387 -.395 

.976" .508 -.605 -.638 .860 -.415 -.320 

.571 -.527 -.581 .902* - .343 -.394 

.283 .086 .505 .497 -.138 

.906* - .551 . 914* .147 

-.672 .692 .222 

- .295 -.295 

. 068 

'1 
lc 
I 

I' 

' I 

I, 
:· 

,I 
•J 

!I 

: . 
,, 

I 

I 

.. 

I 

I' 

, . 

'' I· 

I, 
I• 

I• 

•• 
I 
I ,. 

'I '. 

I, 
I I 
I, 
: 
! . 



Table 4-4 Correlation Matrix of Logarithms of 
Physiographic Factors for Agricultural 
Catchments 

log A. .975* .948* .501 •.695 •· 760 

IO& L .968* .473 -.743 -.826 

.697 -.534 -.223 

.917 -.544 -.213 

toe s1 

log s
2 

loa F1 

log\ 

Table 4-5. 

A L 

.528 - .668 -. 785 .874 -.464 -.292 

.238 .015 .406 . 454 -.152 

. 924 -.594 .946 .119 

-. 748 • 797 .164 

-.324 -.270 

.082 

Correlation Matrix of Physiographic 
Factors for Combined (Forest-Agricultural) 
Catchments 

H 

A .931* .957* .529 .196 .254 .642 .219 .384 

L 

Table 4-6. 

.981* .667 .319 .392 .844 .423 .443 

.594 .263 .321 .809 .333 .352 

.817 .881 .664 .914* .644 

.945*.428 .894 .439 

.477 .965* .588 

.557 .406 

.567 

Correlation Matrix of Logarithms of 
Physiographic Factors for Combined 
(Forest-Agri cultural) Catchments 

log A .949* .965* .618 .106 .110 .646 .253 .228 

log L .971* 

log Lc 

log H 

log s
1 

log s2 

log F1 

log sh 

.643 .127 

.656 .154 

.836 

.140 .936 .309 .344 

.138 .802 .318 .230 

.821 .567 .917* .437 

. 969* .183 . 975* . 338 

.167 • 955* .453 

.370 .346 

. 422 
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Table 4-7. 

Table 4-8. 

log H1 
tog M

2 
log H:Z 
los R1 
lo& R2 
loa R:Z 

Table 4- 9. 

Table 4-10. 

log M1 
loa H

2 

toa Hi 
lo& R

1 
loa R2 
!OJ Rl 

Table 4-11. 

Correlation Matrix of Rainstorm Varia­
bles for Forest Catchments 

0.947* 0.461 

0.379 

0. 993* 

0.942• 

0.484 

0 . 939• 

0. 986• 

0.416 

0.952* 

R' 2 

0.429 

0.331 

0.848 

0.486 

0.438 

T • 
0.428 

0.307 

0.844 

0.482 

0.407 

0.979• 

Correlation Matrix of Logarithms of 
Rainstorm Variables for Forest Catchments 

0.998* 0.295 

0 .329 

0. 997• 

0.997* 

0.297 

0.995* 

o. 998* 

0.327 

0. 999* 

0. 359 

0.393 

0.9(10" 

0.361 

0.391 

0.501 

0.528 

0.697 

0. 515 

0.542 

0.639 

Correlation Matrix of Rainstorm Varia­
bles for Agricultural Catchments 

0 . 961* 0.661 0.977* 

0.677 0.948* 

o. 715 

R' 2 

0.942* 0 . 701 0.698 

0.690 0.982* 0. 732 

0. 732 

0.966* 

0 . 956* 0.803 

0. 779 o. 763 

0.809 0.755 

0.898 

Correlation Matrix of Logarithms of 
Rainstorm Variables for Agricultural 
Catchments 

0. 995* 0.403 0.965* 

0. 451 0. 969* 

0.409 

0. 953* 0. 248 0.665 

0. 966* 0. 290 0..716 

0.452 0.816 0.695 

0.995* 0.293 0. 724 

0.355 0.772 

0.721 

Correlation Matrix of Rainstorm Varia­
bles for Combined (Forest-Agricultural) 
Catchments 

0.935* 

M' 2 

0.524 0.992* 

0.430 0.934* 

0.548 

o. 927* 

0.988* 

0.463 

0.941* 

R' 2 

0.503 

0.400 

0.869 

0.557 

0.491 

0 . 453 

0.307 

0.807 

0.502 

0.384 

0.913* 



Table 4-12. Correlation Matrix of Logarithms of 
Rainstorm Variables for Combined (Forest­
Agricultural) Catchments 

loa ~•1 log M
2 log Mi log R1 loa R2 log Ri loa Tc 

loe M1 
0.996* 0 .299 0.914* 0.9764 0.214 0.516 

loa M2 
0.345 0.985* 0.984* 0.255 0,562 

Loa "'2 0.311 0.354 0.834 0.680 

loa R1 
0.997• 0.244 0.553 

loe R2 
0.285 0.599 

lo1 Rl 0.650 
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Relationship of the length of main 
stream (L) to catchment area (A), as 
given by Eq. 4-1. 
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Table 4-13. Relations among Physiographic Factors 
of Selected, Combined (Forest-Agri­
cultural) Catchments 

(4 .I) 

(4. 2) 

(4. 3) 

(4.4) 

100 

. ... 

t 

Regression R R2 
soy Equation 

log L • 0. 2416 • 0.6411 loa A 0.958 0.918 0.097 

loa Lc: • .0.3175 • o. 9846 loa L 0.979 0.958 0.075 

loa s
2 

• -o.osa + o . 9564 log s
1 

0.999 0.998 0.107 
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separate sets of data are used: forest, agricultural, 
and combined (forest-agricultural) catchments. 

The Ca values are not constant for a catchment, 

because they vary from one storm to another (Table 
C-1, Appendix C). They are determined from the peak 
flows and rise times of unit hydrographs computed · 
from the observed flood hydrographs. The shape of 
these unit hydrographs, on which Ca depends, vary 

from one unit hydrograph to another, because these 
shapes are affected by the .. nonuniformity in rainfall 
distribution. Though the main reason for variation 
in the Ca values seems to be the nonuniformity of 

rainfall, the changes of roughness of catchment sur­
face with seasons may be still another reason for it. 
Contributing to these variations in the shape are the 
variations in rainfall duration of storms, errors in 
separation of the base flow on hydrographs , the use of 
the constant infiltration index on hydrographs, as well 
as the approximate validity of the principle of super­
position of the unit hydrograph concept. 

For the selected drainage basin, a representative 
Ca val ue is required for the construction of unit 

hydrograph peak flow prediction equations. Two ap­
proaches are used here to estimate the representative 
values of ca . 

Ut.e. o6 the. l.ea.t>t t.qu.aiLe. me.thod 6011. e.t.tima.t.i.on oo 
Ca The representative values of Ca of unit hydro-

graphs are estimated for forest, agricultural and 
combined forest-agricultural catchments by the least 
square method. Their pea.k flow prediction equations 
are then obtained from these C values. As seen in 

a 
Fig. 4-5, a discrimination of the land-use effects by 
comparing the three peak flow prediction equations 
for given Tr shows small differences, because the 

parameter Tr accounts for the land use to a consider­

able extent. 
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An alternative approach to the least square method 
is to assume the general peak flow equations of unit 
hydrograph in the form 

with 

T n 

l· c(/) 
e r 

T n-1 
C " c(Te) a \ rJ 

(4-8) 

(4-9) 

where C and n are constants. The parameters are es­
timated by the least square method in using the step­
wise linear regression program. For combined forest­
agricultural catchments, the elimination of data points 
which deviate significantly from the line of the best 
fit and those having (Te/Tr) greater than two, re-

sulted in a small increase of R2 . Results of this 
analysis are summarized in Table 4-15 and presented 

Table 4-14. 

• Type of 
Catchment 

Forest 
(32 Events) 

Agricultural 
(73 Events) 

Combined 
(lOS Events) 

Table 4-lS. 

Type of 
Catchment 

Forest 
(32 Events) 

Agricultural 
(73 Events) 

Combined 

Peak Flow Equations of Unit Hydro graphs 

R2 Equation Peak Flow R 
Number Equation 

~ .. T 
(4-5) 1.090 (~) 0.839 0.699 

I T 
e r 

~- .. T 
(4-6) 0.980 (~) 0.730 0 . 533 

Ie Tr 

lz T 
(4-7) 1.010 C/) 0.824 0.679 

e r 

Peak Flow Equations of the Best Fit for 
Unit Hydrographs 

Equation Peak Flow 
Number Equation 

R R2 

(4-10) ~ 
Ie • 

reJ 1.100 
1.o8s ·r 

r 
0.921 0 .847 

~ (Ter·969 0.828 0.685 (4-11) 1 = 0.805 T 
e r 

(105 Events) (4-12) 
q_ (T )0.997 
~ • 0. 848 T e 0. 885 0. 784 
1e r 

in Figs. 4-6 and 4-7. The estimated values of n are 
slightly different from the theoretical value of one. 
In most cases, the n values are larger than one, which 
indicates that, on the average, Ca increases slightly 

with an increase of T /Tr . The n value for agri­

cultural catchments is somewhat smaller than unity, 

which should not be. The ~/Ie values deviate from 

the prediction equation for the Te/Tr val ues great er 

than one, and approach the constant values as Te/Tr 

becomes large. The error in the estimated n for t he 

r 
II 

t 
I 
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agricultural catchments results from flood data with 
(T /T ) > 1 and insufficient data for the small e r 

2 (T /T ). A higher R value is obtained for the pre-e r 
diction equation of forest catchments (Eq. 4-10) than 
for the agricultural ·catchments (Eq. 4 -llr. The ex­
planation for i t is that the flood hydrographs of 
forest catchments mainly result from the relatively 
uniform effective rainfall of short duration, while 

the smaller R2 values of agricultural catchments can 
be explained by the nonuniformity in effective rain­
fall and flood events with (Te/Tr) > l, with the large 

13 

differences between the peak flow equations of the 
best fit for unit hydrographs of forest and agri ­
cultural catchments, thus explained. The peak flow 
equation of the best fit for unit hydrographs of com­
bined forest-agricultural catchments is then repre­
sentative for all the catchments because of a large 
total number of catchments included. 

Figures 4-7 and 4-8 show the fit of the peak flow 
equation for unit hydrographs of combined forest-agri­
cultural catchments. A comparison between the esti­
mated values of peak flow equations, Eqs. 4-7 and 4-12, 
for the combined catchments shows in Fig. 4- 9 the 
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relatively small differences, so Eq. 4-12 is selected 
as representative for catchments of this study. The 
above peak flow prediction equation for unit hydro­
graphs is compared with the other equations available 
in Table 4-16, with the differences in coefficients 
relatively small in most cases. 

Table 4-16. Comparison of Peak Flow Prediction 
Equations for Unit Hydrographs 

Snyder, (1938, 1943) qp 442 Til 

scs, (1957) 
~ 

484 T-l 
r 

Hickok, et al., (1959) 
~ = 475 Til 

Espey, et al. , (1968) ~ 473 A0.988 T-1.26 
r 

This study q .. 
p 

492 T-l 
r 

~ in cfs/sq mi, T1 (hydrograph lag time) and Tr(hydro­

graph rise time) in hours, Qp in cfs, and A in sq mi. 

4-3 Derivation of Average Rise Time Equations 

The average rise time, Ta , of unit hydrographs 

is investigated as a dependent variable by using the 
correlation and repression analysis . The independent 
variables studied are: the basin area, A; the total 
fall, H; the average main stream slope, s2 ; the basin 

relief factor, Sh ; the catchment shape factor, F1 ; 

and the percentage of dominant land-use cover, Cf . 

Both the observed and l ogarithmic values of variables 
were used in computations. The prediction equations 
of average rise time are found bX the stepwise multi­
ple linear regression method for: (a) forest catch­
ments, (b) agricultural catchments, and (c) combined 
forest-agricultural catchments . 

In case of agricultural catchments, the much 

higher R2 values resulted because of the exclusion of 
data on catchment W-3, Hastings, Nebraska (catchment 
No. 12707001). The reason for excluding this catch­
ment was the fact that its five flood events have 
values of the effective rainfall duration, Te, greater 

than the hydrograph rise time, Tr , with the sample 

average rise time, Ta , underestimated because of 

sampling errors. For combined forest-agricultural 
catchments the developed prediction equations had very 

small R2 values; they are not presented herein. The 
selection of prediction equations for the average rise 
time, Ta , as presented in Tables 4-17 through 4-19, 

is based on the following two conditions: 

(1) That value of R2 (or R) increases for each 
additional independent variable, or each additional 
variable given by its logarithms; and 

(2) That there is a physical justification for 
including each independent variable into the regres­
sion equation , with the correct sign. 

Figures 4-10 through 4- 14 show the fit of pre~ 
diction equations for the average rise time by com­
paring the observed and the estimated values by these 
equations. 

The most significant independent variable in pre­
diction equations of average rise time in flood hydro­
graphs of forest catchments was the area, A. In most 
equations, it explained about 70% of the variance . 
The catchment total fall, H, and the relief factor, 
Sh , were the next most significant independent varia-

bles. The percent forest coverage, Cf , appeared to 

be the least significant independent variable. The 
effects of s2 on T

8 
in Eq . 4- 13 was small. This is 

because 52 and H are highly correlated and the effect 

of s2 has been taken into account by H. All equations 

show the increase in Ta with an increase of percenta~ 

forest cover, Cf • 

Table 4-17. Regression Prediction Equations for the Average Rise Time of Forest Catchments 
(Cf in percents) 

Eq. 4-13 Ta -86.63 + 17.05 A 0 .051 H + 40.39 F1 
+ 278.9 cf 0.126 52 

R: 0.922 0.948 0.992 0.993 0.994 

R2: 0.851 0.969 0.984 0.986 0.989 

t.R2: 0.851 0.010 0.015 0.002 0.003 

s ey 
in minutes 17.0 0.032 45. 6 298 .6 0 . 187 

Eq. 4-14 log Ta = 3.258 + 0.1271 log A 0. 289 l og sh + 0.4287 log F1 
+ 1.1698 log cf 

R: 0 .999 0.999 0.999 0.999 

R2: 0.997 0.998 0.999 0.999 

t.R2: 0.008 0.0004 0. 001 0.0003 

s ey in minutes 0.248 0.112 0 . 277 1.202 

14 



Table 4-18. Regression Prediction Equations for the 
Average Rise Time of Agricultural Catch­
ments (Including Catchment No. 12707001) 
(Cf in percents] 

T • 57.99 o.12o s 2 10 .92 A O. l SO K . 9 .01 '1 ( 4-15) 

Ta . 13. 73 O.IZ4 s 2 U.ZZ A - 0.1'2 K 9 . !S F1 21.91 c, (4-16) ., 0.911 0.99Z 0.9U 0.970 0. 994 

.z , 0.977 0.914 0.916 o.uz 0.981 

•• z, 0.001 0.007 o.ooz 0.941 0 .001 

s•r bt •inutOI O.lSl 6.JZ 0.123 IO.oO 2l.~ 

loa T
6 

2. 119 - O.lSH loa s 2 o.SOI9 loa c, . o .ono loa F1 ( 4- 17) 
., 
al: 
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Table 4-19. Regression Prediction Equations for the 
Average Rise Time of Agricultural Catch­
ments (Excluding Catchment No. 12707001) 
(C f in percents] 

Ta • 74.2 - 0.269 S2 + 15.393 A • 0 .0753 H (4- 18) 

R: 0.998 0.990 0.998 

R2: 0.996 0.981 0.977 

6R
2

: 0.015 0.054 0.0008 

soy in minute-s o. 054 2.520 0.048 

log Ta . 2.577 - 0.463 log s
2 

( 4-19) 

log Ta . 2.475 - 0.43411 loc s2 - o.3523 cf (4-20) 

R: 0.999 0.999 

R2: 0.9911 0.999 

&R2: 0 . 004 0.0002 

sey in llinuto• 0.141 0.046 
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The most significant independent variable for 
agricultural catchments was the average main stream 
slope, s2 . This may result from a small variation 

in A values of the selected catchments. Generally, 
A comes out to be the most significant independent 
variable for a large range of variation of catchment 
areas. All the equations indicate the decreases in 
the average rise time, Ta , with an increase in the 

percentage of agricultural 1 and use, C f .. 

Differences between the observed values and the 
estimated values of Ta by their prediction equations 

for catchments with 50\ agricultural land use and 
100% agricultural land use are small: less than 5 
minutes for estimates by the linear regression 
~quations and less than 10 minutes for estimates by 
the logarithmic regression equations. These differ­
ences are therefore negligible in practical appli­
cations. Equation 4-14 for forest catchments and Eq. 
4~20 for agricultural catchments are selected as the 
prediction equations for the average hydrograph r ise 

2 time, Ta ; they have each a high value of R , with all 

the independent variables being of the expected sign. 

4-4 Derivation of Prediction Equation for the Hydro­
graph Rise Time 

To derive the prediction equation for the hydro­
graph rise time (or the time to hydrograph peak flow), 
Tr , the catchment time factor (or the average hydro-

graph rise time), Ta, and the selected rainstorm time 

variables in the form of the first moment M1 of ef­

fectiv·e rainfall hyetograph, the second central moment 
Mi of effective rainfall hyetograph and the effective 

rainfall duration Te , were used. Their correlation 

matrices are given in Table 4-20. These matrices show: 

(1) The effective rainfall duration, Te , is in­

fluenced by the nonuniformity in time distribution of 
rainfall, expressed by M1 and Mi; 

(2) The hydrograph rise time, Tr , of selected 

flood events is affected by the first moment of ef­
fectiv·e rainfall hyetograph (or by the t i me nonuni­
formity of rainfall); it is less affected by the ef­
fectiv·e rainfall duration; 

16 

(3) Small correlation coefficients between the 
average rise time and the selected rainstorm variables 
indicate : 

(a) ~~ procedure of ~veraging the rise time 
eliminates much of the effect of nonuni~ 
formity of rainfall time distribution; and 

(b) Ta ·mainly depends on catchment factors, 

as shown in Tables 4-17 through 4-19. but 
is independent of the effective rainfall 
duration, Te ; therefore, it can be re-

garded as the catchment time factor. The 
corresponding unit hydrograph represents 
the average catchment response and does 
not depend on the effective rainfall du­
ration, Te . 

Table 4-20. Correlation Matrices of Selected 
Hydrologic Variables 

Observed Variables Logarithmi c of Observed Variables 

T 
e T r T a T e T 

r 
T 

a 

Fo~tu.t Ca.tcluloena Foii.U.t Ca.tehme.n.t6 

~11 0.698 0.396 0.070 0 .665 0.410 0.223 

"'' 2 0.803 0.429 0.200 0.695 0.017 0.076 

T 
e 

1.000 0.389 0.200 1.000 0.379 0.264 

T r 0.386 l.OOO 0.625 0.379 1.000 0.631 

Ta 0.200 0.625 1.000 0. 264 0.631 1.000 

AgM.cuLt<VL11t Catchmena Ag~ Ca.tc!unvr.t.l 

Ml 0.428 0.561 0.280 0.501 0 . 293 0.054 

~!i 0.844 0.338 0.014 0.697 0.028 -0. 1!18 

r. 1. 000 0.234 -0.041 1.000 0.376 -0.004 

T r 0.234 l.OOO 0.680 0,376 1.000 0.659 

T 
a -0.041 0.680 1.000 -0.004 0.659 1.000 

Comb.<.M.d Ca.tc.hmena C ombi.ned Ca.tchmVIL\ 

"1 0.453- 0.624 0,432 0.516 0.426 0.216 

H' 2 0.807 0.395 0.150 0.680 -0.087 - 0.224 

Te 1.000 0.243 0.026 1.000 0.245 -0.069 

Tr 0 . 243 l.OOO 0. 755 0.245 1.000 0.709 

Ta 0.026 (), 755 1.000 -0.069 0.709 1.000 

The prediction equation of hydrograph rise time 
for combined forest - agricultural catchments has the 

hlghest value of R2, given by 

Tr = 2.2071 + 0.7561 Ta + 0.00324 M2 + 0.1734 Te (4-2l) 

R: o. 755 0.833 0.840 

R2: 0.570 0,694 0.706 

!l. R 2: 0 . 570 0.124 0.012 

S ey in llinutes 47 40 39 

The greater· .values of R2 may be obtained for pre­
diction equations of rise time by adding a larger 
number of independent variables, such as the time to 
the maximum rainfall intensity, the soil moisture 
index, the seasonal variation index and others. How­
ever, the objective of this investigation is to show 
the effect of nonuniformity of rainfall distribution 
over a catchment on Tr , with Ta as the catchment 

characteristic time factor. Therefore, no attempt is 
made to further improve the prediction equations of 
hydrograph rise time by adding new variables. 



Chapter V 
LAND-USE EFFECTS ON UNIT HYDROGRAPHS 

5-l Selection of Regression Equations for Further 
Investigations 

The expression selected to represent the re­
lations of catchment parameters for the objectives of 
this study are: 

(A) Relations between the selected physiogra­
phic factors of combined forest - agri cultural catch­
ments 

L = 1.744 A0·641 

L = 0.481 L0·985 
c 

s 2 = 0.916 s~· 956 

s2 = o.S33 s~·499 Fi:0.43S 

(5-1) 

(5- 2) 

(5- 3) 

(5-4) 

(B) The prediction equations for the average 

S-2 Selection of a Representative Catchment 

Median values of the dominant physiographic 
factors of combined forest-agricultural watersheds, as 
given in Table 3.S, are used as factors of the repre­
sentative catchment. They are reproduced in Table 5.2. 

Table S-2. Physiographic Factors of the Representa­
tive Catchment 

A shx1os F1 
(ft/mi) 2 Dimensionless 

H ~ Lc 

Feet Miles Miles sq. mi. 

0 . 590 104 I. 345 0. S9S 63 0.152 1.340 

The median values are used because they are within the 
range of values for which the average rise time, Eqs. 
5.5 and 5.6, of both the forest and agricultural land­
use catchments are applicable. 

rise time: 5 . 3 Comparison of Peak-Flow Responses 

For forest land use catchments, 

Ta • -86.63 + 17.05 A - 0.051 H 

+ 40.39 F1 + 278.9 cf - 0.126 s 2 

For agricultural land- use catchments, 

Ta = 74.2 - 0.268 + 15.393A + 0.0753 H 

(5-5) 

(S-6) 

(C) The unit hydrograph peak flow equation of 
combined forest- agricultural catchments 

~ .. T 
1.010 (....!) (5- 7) 

Ie Tr 

and 

uP = 1.010 (..!...) 
T r 

(5-8) 

(D) The unit hydrograph equation 

- (.§.:!l)t 
T 

ut = 612.9 ci )7.41 t6 . 41 e r 
r 

(5-9) 

with a = 6.41. The ranges and units of catchment 
physiographic factors are given in Table 5-l. 

Table 5-l. Ranges and Units of Catchment P~ysio­
graphic Factors for Representat1ve 
Regression Equations 

Ran&e> of Parameters for Watersheds 

Variable Unit Forest A&ricultura l CCilbined 

A Sq. 11iles 0.30 - 7. 19 0.12- 3.01 0.12 - 7 .lSI 

L Miles 0.61 - 5.62 0.51 • 3. 99 0.51 - 5.62 

Lc Miles 0.42 - 2.92 0.24 - 2 . 07 0.24 - 2.92 

H Feet 101 - 3263 45 - 149 45 - 3263 

s1 Ft/ailes 64 • 826 23 • 150 2S • 826 

52 Ft/ailes 43 • 781 17 - 134 17 - 781 

Shx10
5 (ft/ailes) 2 0.12 . 34.5 0.024- 0.40 0.024-34.5 

Dimensionless 0.420 - 2.948 0.600- 2 . 744 0.420- 2.948 
Fl. 

cf Dimensionless 0.46 - 1.00 0 . 45 - 0.87 0.45 - 1.00 
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By using the physiographic factors of Table 5 . 2 
of the representative catchment, the peak flows of 
unit hydrographs and the unit hydrographs themsel ves 
of the representative catchment, with 100% forest 
cover, with the SO% forest and SO% agricultural land 
use, and with the predominantly agricultural land use, 
are computed by applying Eqs. 5.1 through S.9. 

All the peak flows of unit hydrographs and the 
unit hydrographs themselves of catchments used in this 
study are in the above procedure reduced to the charac­
teristics of the representative catchment. In other 
words, the effects of physiographic factors of indi­
vidual catchments are removed--in the limit of accuracy 
of the developed regression equations--and only the 
effects of remaining factors, and particularly of the 
land-use factors have remained in the representative 
catchment. Thus, all the peak flows of unit hydro­
graphs and all the unit hyd.rographs are sorted in three 
groups: 100% forest, SO% forest and SO% agricultural, 
and 100% agricultural land-use catchments, all reduced 
to the geometry of the representative catchment, with 
Eqs. 5.1 through 5.9 applied for that purpose. The 
parameters of the unit hydrographs of the representa­
tive catchment are then: 

A. The. ttveMge. We. time. 

(1) 100% forest land use (Eq. 5.5) 

(2) 

(3) 

T ~ -86 .63 + (17.47 X 0.59) - (0.051 X 
a 

104) + (40 . 39 X 1.34) + (278.9 X 1)-

(0.126 x 63) = 243.21 minutes 

SO% forest - SO % agriculture land use 
(Eq. S .5) 

T = -86.63 + (17 . 47 X 0.59) - (0 . 051 X 
a 

104) + (40.39 X 1.34) + (278 •. 9 X 

0.5) - (0.144 X 63) a 103. 76 minutes 

Predominantly agricultural land use 
(Eq. 5.6) 

T • 74. 21 - (0.268 X 63) + (15.39 X 
a 

0.590) - (0 .075 X 104) • 58.61 

minutes 



B. The. wtU hydltogJta.ph pe.o.k 6lo«<b. By using 
Eq. 5. 8, the unit hydro graph peak flows are 

(1) 100% forest land use, with Ta = 243.21 

minutes = 4.05 hours, 

-1 . /h up= 1. 01 x (4.05) = 0.249 1n. r. 

(2) SO% forest and SO% agricultural land 
use, with Ta • 103.76 minutes= 1.73 

hours, 

U = 1.01 x (1.73)-l = 0.594 in. /hr. 
p 

(3) Predominantly agricultural land use, 
with Ta = 58.61 minutes = 0.977 hours, 

U = 1.01 x (0.977)-l = 1.034 in./hr. p 

C . The. wtU hydltogJta.phb. Equation 5. 9 may be 
written as 

ut = 612.92 x Yt zt (5 .10) 

with 

X = T - 7.41, 
r (5 .11) 

yt t6.41 (5 .12) 

and 

z = t e 
- (6. 41/T r)t 

(5 .13) 

For given values of Tr and t, the values of 

X, Yt and Zt may then be determined either 

analytically or graphically. Equations 5.11 
and 5.12 plot as straight lines on the log­
log graph paper, while Eq. 5 . 13 becomes a 
straight line on a semi-log paper. 

The unit hydrographs for the 100\ forest land use 
cr = 4.05), the 50\ forest and 50\ agricultural land 

r 
use (Tr • 1. 73), and the predominantly agricultural 

land use cr r • 0. 9 77) are presented in F.ig. 5. 1. 

1.2 
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Fig. 5- l. Comparison of unit hydrographs of all the 
catchments, with their physiographic 
factors reduced to factors of the repre­
sentative catchment (area 0.59 sq. miles): 
(1) agricultural land:use catchment; 
(2) 50\ forest and SO\ agricultural land­
use catchment ; and (3) 100\ forest land­
use catchment. 
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Table 5.3 shows a sample of calculations for the unit 
hydrograph of the predominantly agricultural land use 
catchment, reduced to the representative catchment. 
The values of Y~ and Zt were determined graphically. 

The final resul~s are shown in Table 5.4, as the major 
results of this study. 

Table S-3. A Sample of Calculations of Unit Hydro­
graph Ordinates of Predominantly Agri­
cultural Land-use Catchment, with Their 
Physiographic Factors Reduced to Factors 
of Representative Catchment 

t y zt \Zt ut = CXYtZt hours t 
in./hr 

0.25 1.4 X 10 -4 1.9 X 10 -1 2.66 X 10-S 0.0195 

o.so 1.2 X 10-2 3.8 X 10-2 4.56 X 10-4 0.322 

0.75 1.6 X 10-l 7.3 X 10-3 1.17 X 10-3 0.840 

};..00 1.0 l.4x 10-3 1.40 X 10-3 
~ 

1.25 4.18 2.7 X 10-4 1.15 X 10-3 0.835 

1. 50 13.5 5.3 X 10-S 7.18 X 10-4 0.519 

1. 75 36.1 l.Ox 10-5 3.61 X 10-4 0.272 

2.00 85.0 2.0 X 10-6 1.70 X 10-4 
0.124 

3.00 1.1 X 103 2.8 X 10-9 3.08 X 10-6 0 . 0024 

4.00 7.2 X 10
3 4.0 X 10-12 2.88 X 10-8 0.00002 

Constant C = 612.9, X • 1.18, CX 724.5 

Table 5-4. Comparison of Average Rise Time and Peak 
Flow Discharges for Various Types of Land 
Use of Catchments with Tpeir Physiographic 
Factors, Reduced to Factors of Ropresenta­
ti ve Catchment 

Types of Average Rise Unit Hydrograph 
Catchment Cover Time Minutes Peak in./hr. 

100\ forest 243 0.249 

SO\ forest and 
SO\ agricultural 104 0.584 

Predominantly 
agricultural 59 . 1.034 

Table 5-4 demonstrates that forest catchments ex­
perience a much smaller peak flow of unit hydrographs 
than do the agricultural catchments. An increase in 
forest cover decreases the peak runoff, as the SO% 
forest and 50\ agricultural land-use catchments show; 
they have the unit hydrograph peak flow about 2. 38 
times greater than the peak flow of unit hydrographs 
of the 100\ forest catchments, on the average . The 
peak flow of unit hydrographs of agricultural cat·ch­
ments is about 4 . 34 times greater than for the 100\ 
forest catchments, on the average. The average rise 
time or the average time to peak of the 100\ forest 
catchment is, however, correspondingly much longer 
than the SO' forest and SO\ agriculture, or the pre­
dominantly agricultural catchments, by approximately 
the same ratio as found for peak flows. 



Chapter VI 
CONCLUSIONS 

The analysis of lOS flood events of eight forest 
and 14 agricultural land- use experimental catchments 
in the eastern and central United States, leads to 
these conclusions : 

(1) The unit hydrograph approach, with the re­
duction of geometry (physiographic factors) 
of each of these catchments to geometry (physiographic 
factors) of a representative catchment by the use of 
regression and correlation analysis, represents an ef­
fective method in discriminat ing the effects of land 
use on the surface runoff hydrographs of small catch­
ments. It is necessary to first remove the geometry 
effects in order to analyze t he effects of land use. 
Because the geometry (topography) of small catchments 
affects the type and stability of land use, there is 
a high correlation between the geometry and the land 
use. This fact requires a separation of the effects 
of geometry prior to the study of the effects of land 
use. 

(2) Unit hydrographs of small catchments are 
significantly affected by the land use. For a given 
small catchment, the agricultural land use increases 
the flood peaks while the forest land use has the op­
posite effect. The peak flows of unit hydrographs of 
catchments with the predominantly agricultural land 
use are approximately two to four times greater than 
the peak flows which result from catchments with the 
predominantly forest land use. 

(3) Catchment factors , such as the length,. L, 
Lc the area, A; or the slopes, s1 , 52 , and ~· are 

highly mutually correlat ed variables. In regression 
and correlation analysis, t he parameters A and, 
52 or 5h , should be selected as the representative 

physiographic factors. 

(4) All the hydr ologic variables of small catch­
ments may be mutually correlated . Therefore, some 
variables can be excluded from the correlation analy­
sis if they are highly correlated with the included 
variables into the regression equations. In doing so, 
the less mutually correlated variables included in-
crease the number of degrees of freedom in corre-
lation, thus permitting the inclusion of new inde­
pendent regression variables, in order to further in­
crease the coefficient of det ermination or the ex­
plained variance by the regression equations. 

(S) Dominant physiographic factors of small 
catchments, that are found to affect t he rise time 
parameter, Ta , of the unit hydrograph, are: land 
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use , area A (accounted for not onl y through A, but 
also through L, Lc) ' head fall H, slopes 52 or 5h (and 

also of s1 through 52) , catchment shape factor F1 , 

and the percent of land-use cover Cf (for forest catch­

ments). The most significant factor came out to be 
the area A, while the slope 52 became the second most 

significant factor. The parameter Ta is considered 

as the time characteristic of catchments , indepenoent 
of effective rainfall. 

(6) Unit hydrographs of short-duration storms of 
small catchments are more affected by the nonuniformity 
in t ime distribution of rainfall intensity than by the 
duration of effective rainfall. The estimated values 
of C~ (a shape factor of unit hydrographs) are con-

stant for any catchment analyzed, but varying from one 
storm to another. The observed Tr val ues vary with 

, the time characteristic Ta , the nonuniformity of rain­

fall in time (measured by Mi), and some other factors. 

(7) The representative C~ value of forest catch­

ments is close to the representative value C~ of the 

agricultural land-use catchments . The average, di­
mensionless unit hydrographs, came out to be the same 
for all the catchments analyzed. The representative 
peak flow equat ions of unit hydr ographs and the re­
presentative unit hydrograph equation may be applied 
to both the forest and the agricultural land-use 
cat chments . 

(8) The method outlined permits the study of ef­
fects of other land uses on flood hydrographs, such 
as for the catchments which are predominantly grass 
covered, desert catchments, urban catchments, as well 
as the types of land cover other than the for est or 
the classi cal agricultural land use . 

(9) Results of effects of forest and agricultural 
land uses , as well as of the other land uses , on flood 
hydrographs should be further verified by using the 
catchments of a still wider range of geographic con­
ditions than t hose used in this study. Such investi­
gations should reveal whether the extrapolations ar e 
permitted beyond the ranges of catchment areas, flood 
peaks, and other factors studied herein , as well as 
whether the additional characteristics, such as geo­
logic formations, water storage properties and other 
factors may be of significant effects on floods of 
small catchments as wel l. 
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A 

a 

B 

c 

c 
a 

e 

H 

I . 
Ol. 

K 

L 

M' n 

n 

p 

Catchment area 

Unit hydrograph 
shape factor 

Unit hydrograph 
factor 

Constant 

Peak flow shape 
coefficient of 
unit hydrograph 

Coefficient 

Percentage of 
areal coverage 

i-th constant 
(i .. 1' 2. 3' ... ) 

Base of natural, 
Naperian logarithms 

Catchment shape 
factor 

Total catchment fall 

Average effective 
rainfall intensity 

Effective rainfall 
intensity at time ti 

Rainfall intensity 
at time t. 

l. 

Constant 

Nash's unit hydro­
graph factor 

APPENDIX A 

LIST OF SYMBOLS 

Square miles 

Dimensionless 

Dilllensionless 

Dimensionless 

Dimensionless 

Dimensionless 

Feet 

inches/hour 

inches/hour 

inches/hour 

P. 
l. 

R' n 

s 

T 
e 

T 
m 

Length of main stream miles 

Distance to centroid 
of area 

Travel distance of 
raindrop at time ti 

The n-th effective 
hyetograph moment 
about the beginning 
of the hydrograph 

The n-th central 
effective hyeto­
graph moment 

Edson's unit hydro­
graph factor 

Constant 

Total precipitation 

miles 

miles 

(minutes)n 

(minutes)" 

Dimensionless 

in-ches 
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T 
r 

T 
a 

v 

Precipitation at 
time ti 

Hydrograph ordinate 
at time t 

Initial hydrograph 
discharge 

Hydrograph peak 
discharge 

Areal average peak 
discharge 

The n-th moment of 
rainfall hyetograph 
about the beginning 
of the hydrograph 

The n-th central 
moment of rainfall 
hyetograph 

Slope 

Main stream slope 

Average main stream 
slope 

Catchment relief 
fa-ctor 

Rainfall duration 

Effective rainfall 
duration 

Hydrograph lag time 

Mean travel time 

Hydrograph rise time 
or the time to hydro-

inches 

in./hr. or (cfs) 

in . /hr. or (cfs) 

in. /hr. or (cfs) 

in./hr. or 
cfs/sq . mi. 

(minutes)n 

(minutes)" 

ft./mi 

ft./mi 

sq.ft . /sq.mi. 

minutes or hrs. 

minutes or hrs. 

minutes or hrs. 

minutes or hrs. 

graph peak flow minutes or hrs. 

Average hydrograph 
rise time minutes or hrs. 

Time variables 

Unit hydro graph 
ordinate at time t in./hr. or cfs 

Unit hydrograph 
peak flow in. /hr. or cfs 

Total runoff inches 

Direct runoff inches 

Base runoff inches 

.. -index in./hr. 



APPENDIX B 

METHOD OF COMPUTING CATCHMENT CHARACTERISTICS 

Meo.., A. The area is usually given. When not, 
the catchment bounftary is delineated and the plani­
meter used. Areas less than 64 acres (0 . 1 square mile) 
and greater than 25,600 acres (100 square miles) are 
omitted in this study. 

Le.ng.th o6 Ma.i.it Stlteam, L. Extend all marked 
stream systems u~,to the catchment boundaries in ac­
cordance with the contours. Extension to the catchment 
boundary is not done for streams which appear to origi­
nate in springs or swamps. The main stream drains the 
greatest area. Using a paper strip, the total length 
of the main stream is marked off by a series of 
straight l ine segments on the strip . The total strip 
distance equals L when measured by the map scale. The 
label points where the main stream crosses a contour 
line are marked. The distance in miles to two decimal 
places between successive contours are calculated and 
recorded on the paper strip . The summation of these 
distances is the length of the main stream, L. 

Length to Ce.nttto.i.d o6 Mea., Lc. The centroid of 
catchment can be found quickly and easily, and wi th a 
fairly high degree of accuracy, by centering over a 
map of the catchment a clear pla.stic overlay having a 

system of lines drawn on it at 45° angles to form a 
star-shaped design . Lc is the distance along the main 

stream from the outlet to a point adjacent to the 
centroid of area projected to the main stream. 1bis 
distance can be found by using the paper strip used 
to measure the length of the main stream, L. 
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Total Fall, H. Using the strip of paper with the 
main s tream marked off on it as the abscissas, a graph 
of distance vs. elevation along the main stream is • 
plotted on 20 x 20 squares to the inch graph paper. 
After the profile is plotted, each of the ends of the 
profile is extrapolated. The minimum and maximum 
elevations of the main stream from these extended 
slopes are determined. The total fall can now be de­
termined to the nearest foot, with the distances, in 
miles, between successive contour lines on the profile, 
recorded . 

Stlteam stop~. sl sl is calculated by dividing 

the total fall, H, by the length of the main stream 
in miles, L , to the nearest foot per mile. 

StJteam stop~. s2 • 

2l:l. z. 
1 1 

52 .. --- " 
(l:l.)2 

1 

2l:l. z. 
1 1 , feet/mile 

with li • the distance along the main stream between 

successive contours and zi = the average elevation 

above the outlet for each reach of length, 1. . The 
• l. 

individual 1. can be easily determined from the plot-
l . 

ted profile of the main stream or from the· paper strip 
used to measure the length of the main stream. 

·I 
I 
I 
: 

. 

" 



APPENDIX C 

TABLE C-1. RAINFALL Aa~D RUNOFF DATA 

Catchment Event D•tt I, • 'lp uP r, Tr T• c. r.rr, qp/lt 
)'j)O 
of 

No. ~. l n. in. ln./hr. in./aln. tn./hr . in./hr ain. llin. llin. Ca tchment 

1060610< 7/ISI'7 O.S2 0.036 O.Oll o.ou 0.007 0.398 IS ao 1.167 0.1875 o.~us 
1/ ,., o. 70 O.Ol4 O.OlO o.nl4 0.006 0.~64 lS 70 0.~00 o.sooo 0.~000 

7123/$5 O.S7 o.o-9 0.027 O.OJS 0.010 0.273 70 160 103.3 O.IH O.C37S 0.37~ 
10606105 7{17/57 0.07 0.054 0.007 0.002 0.009 o.;,1 55 130 3.039 0.<231 1.2857 f 

7{2iJ{51 O.ll 0.064 0.081 0.025 0.010 0.274 10 85 1.050 0.1176 o.us5 · 
7{29{45 0.49 O.llO 0.203 0.026 0.010 0. 177 10 110 0.$42 0.0909 0.0193 

c 7/lJ/C~ 0.27 o.ovs 0.227 0.014 o.oo8 0. 136 s 120 0.844 0.0417 0.~352 

s 7{22{CS 0.08 0.063 0.044 0.001 0.009 0.272 20 170 123 . 0 1. 737 0.1177 0.2045 
1,060100< I 1/22/<0 0.73 0.003 0.019 0.030 0.004 1.806 7 48 l.4U 0.1458 0.210S 

2 I/ t/CS o. 70 0.094 0.301 0.045 o.ooc 0.070 6 C30 0.930 O.OICl 0.0133 
3 1/IS/<S 0.89 0.071 0.211 0.046 o.ooc 0.100 6 ceo 306.0 1.236 0.0140 0.0173 

11:04004 1 l/26/CO 0.09 0.011 0.237 0.007 0.001 1.10< 2 S5 0.9:9 O.Ol6C O.OUI A 
2 ., 9/!0 0.15 0.032 0.074 0.005 0.039 j.C61 21 so 1.25S 0 .4200 0.5270 
l st •t•o 0.16 0.003 0.015 0.001 0.002 0.717 10 S5 53 . 3 o. 7ll O.ISU 0 .1333 

11511001 I 6/ 1/Cl 1.96 l. U6 1.221 0.017 o.cl9 0.4S3 53 90 0.680 o. 5189 0.4005 A 
2 7/21/C8 1.97 o. 717 0.677 o.ou 0.863 1.213 63 l SS 2. 731 0 .4667 1.2747 
l 7/ 1/50 3. 23 l. 289 0 . 859 0.02l 0.649 0.503 90 120 1.007 0. 7500 0.1555 

7/13/56 2.9< 0. 999 1.30< 0.030 o.a5S 0.858 co 65 102 .s 1.069 0.6154 0.6580 
12412006 5/ 9/SI 0.59 0.143 0.177 0.0011 0.110 0.111 cs 65 0.891 o. 6923 0.621S 

1/11/60 0.10 0.275 0.092 0.002 0.076 0.267 110 lOS 0.941 0.8711 0.1"1 
7/:5/62 l.Sl 0.122 0.490 0.027 0.122 0.991 IS .. 10< .7 0.730 0. 3.109 0.2490 

12707001• 6120/39 1.39 0.936 l. 755 0.010 1. 161 1.2<1 32 31 0.645 1.0323 0.66S5 A 
6/ 7/SJ 1.56 0.197 0.141 0.009 0.729 0.113 64 co o.su 1.6000 0.8661 
6/IS/57 1.95 1.352 1.229 0.009 1. .. 1 1.367 66 62 l.CI2 l.06C5 l. 5037 
SIIS/60 2.26 0.171 1.091 0.025 0.947 1.071 cs <7 O.IU 1.0213 O.I62S 

5 B/11/61 I. 70 0.257 0.643 0.053 0.146 0. 569 2C 21 41.6 0.265 0.8571 0.2:71 
12707002 I 6/ IS/57 1.36 0.396 0.396 0.020 0 . 270 0. 681 60 as 0.965 o. 1059 0.6$11 A 

2 6/12151 2.11 0.362 2.116 o.c11 0.324 0.195 8 60 0.895 0. 1333 0.1193 
3 7/ 3/59 2.10 1. 395 1.861 O.OIC I.JSC 0.127 4$ sa 0.199 o. 7759 0.6201 
4 S/151~ 2. 17 1.042 0.672 0.017 0.646 0.620 Ill 5C o . ssa l. 7:~2 0.961) 
5 6/14/61 2.S4 0.612 0.350 0.013 0.2C9 0 • .346 117 102 71.1 0.620 l.Ui l o. 7114 

14309001 I 412~/57 1.64 1.391 2.133 0.~ 0.173 0.629 39 61 0. 713 o.s;n O.tOU A 
2 S/ 9/57 1.31 0.322 1.210 o.02S 0.113 0.353 lS 100 0.519 0.1500 o.o1n 
3 S/13/S7 1.36 ).071 0.556 0.002 0.569 o.sl4 101 19 0.902 1.1341 1.0~34 

4 6123/59 o. 79 1.481 0.937 0.000 0.627 0.426 16 50 0.389 1. 7200 0.6692 
5 1/ 9/61 1.43 0.1GII 0 . 596 0.039 0.050 0.296 17 33 0.163 0.5152 0.0839 
6 7/16/61 1.54 0.501 1.307 0.026 0.1411 0.297 l3 Ill 11.1 0 .659 0.1729 o .uco 

1<309002 I 6/10/41 1.66 1.3~8 1.111 0.004 0. 744 0 .536 75 100 0.893 o. 7500 o. 6696 
2 6/IS/<2 1.01 o. 791 1.152 o.ooc 0.321 0 .407 41 65 0.441 0.6301 0.2786 
l 7/15{SO 1.~1 0.152 o. 720 0.016 0.277 0.325 71 96 0.520 0. 7396 0.3147 
c 6/23/S9 2.64 I. 710 0.9U 0.009 0.602 0.353 Ill l lO o. 76S 0.1539 0.6536 
5 7/16/61 1.60 O.S74 0 . 913 o.ou 0.163 0.21$ 35 12 o.ll9 0.4261 O.l6st 
6 7/ll/61 0.94 0.123 0.461 0 .0<2 0.046 0.37' 16 72 90. 1 0.<49 o.zn2 0.0991 

IClOS005 I 6110/41 2.59 2.036 1.1~1 0.006 3.339 1.642 67 40 1.095 1.6750 1.1336 A 
2 3/26/46 o.l4 O. C6S 2. 775 0.017 0.926 2 .001 10 37 1.234 0. 2703 o . 3337 
l C/24/57 l.ll 1.661 I. 776 0.002 2.161 1.30C 56 Ill 2.161 o. 4242 1.2161 
4 6{15/61 0.37 0.148 0 . 72!J o .o•5 0.270 1.8C6 ll 16 o. 41)4 0.7>00 0 .3704 
5 7/16/61 1.16 0.157 1.21!J 0.060 0.130 o.a5s 7 62 0.881 0. 1129 0.1009 
6 6/ 9/62 2. 06 1.1113 2.386 0.023 2.141 1 .19S 30 42 54.1 1.256 O.i'I4l 0.6973 

1<309006 I C/24/57 1.97 1.6U 1.731 o.ou 2.071 I.S90 Sl 25 O.SI6 2.3200 1.11164 A 
2 S/13/S7 I. 65 1.439 0.6<0 0.002 1.540 1.076 4l 37 2.070 1.1622 2.4C63 
3 6/B/59 2.13 I. lSI l.llS 0.011 1.420 l.lOI 59 43 0.912 1.3721 I. 2511 
4 S/22/61 1.90 0.061 0.221 0.060 0.0<7 0.617 II 9C 1.076 0.191> 0.2061 
5 6/lS/61 1.39 0.774 0.321 0.030 0.20< o. 760 4P 19 1.130 0.5506 0.62:0 
6 6/ 9{62 2.03 0 .120 1.524 0.035 0.957 l.l46 28 so U.l 1.121 0.5600 0 .6210 

U 309007 I 3/31/57 0.51 0.240 1.9<6 0.046 O. ISO 1.041 7 34 0.374 0. 2059 0.0771 A 

2 6/ 4{57 1.85 1.069 1.665 0 .020 1.438 1.363 sa• 37 0.841 I. 0270 0.1637 
3 6/23/59 1.99 o. 197 1.000 0.023 0.665 o .15c 47 73 1.033 0.6438 o. 6650 
4 6/25/61 1.46 0.317 0.366 0.024 0. 206 0.6$1 52 110 0.11,. 0.5711 0.56~1 
5 7/16/61 1.23 0.1.\9 O.SII7 0.045 0.060 O.Cl2 14 13 u.c 0.596 0.1687 0.1005 

14309001 I 4/24/57 1. 19 1.611 2.018 0.002 1.650 1.022 Cl l7 0.630 1.2973 0.1176 
2 5/13157 1.57 1.392 0.362 o.~ 1.240 l.OC9 ll 25 l.C52 l.5:oo 2.~064 

3 6/ !/$7 1.11 I.Z7S 2.303 o.oll I. 7SI 1.317 ll 32 o. 740 LOllS 0.763• 

• 6/U/'SII 2.83 1.062 0.619 o.o2• o. 712 0.736 103 12 1.006 l.lS61 1.2633 
s 6/Zl/61 1.•6 0.310 0.373 0.029 0.248 0.100 50 14 1.117 0.5952 o.e64t 
6 7/16/61 1.15 0.144 0.665 0.049 o. 721 s.ooa 13 19 S.5.C 6.587 0.1646 1.08<2 
7 6/ 0/62 I. 78 o. 741 1.309 0.020 o .• ,3 1.100 34 C9 0.912 0.6939 0.6746 

I 4500~011 I 4/2C/S7 1.77 1.1:1 1.309 0.001 1.614 0.983 78 41 o. 787 1.6:!SO 1.2:88 A 
2 S/13/57 1.<6 1.436 0 .953 o.ooo 1.186 0.829 110 46 0.636 I. 9S6S 1. 24JS 
l 6/ J/S1 1.85 1.339 2.566 o.ou 1.614 1.2<7 31 :;.1 o. 707 0 . 9111 0.6C46 
c 6/2l/S9 Z.9! 0.986 O.S51 0.021 o. 719 0.801 106 64 O.IU 1.6563 1.4HO 
$ 6/2$/61 1.47 O.l42 0.4)7 o.ou 0.331 0.911 47 12 1.349 o.S732 o. 7735 
6 7/16/61 1.16 0.120 2. 392 0.050 0.06$ o.su 3 71 51.7 0.706 o.ons 0.0272 

1<611006 I S/ $/60 0.92 0. 070 0.300 0.082 0.043 1.019 14 54 O.S53 0 . 2593 0.1433 
2 21:5/61 0.4J o.ss8 1. 75g o.ou 0.119 0.650 II 70 0.431 0.1571 0.0677 
3 5/ l/62 1. .4 0.287 1.051 0.032 0.141 0 .557 IS 60 61.3 O.S60 0.2500 0.1399 

lC61!007 l 10/10/511 3.61 1.704 o.cro O.OIS I. ISS o.6ac 186• 203 2.931 0.9163 2. 6860 
2 1{26/60 2.43 o. 736 0.138 0.008 0.256 0.374 us• 180 2.90<1 0.6389 1. &$$1 
l 9/ 2/60 1. 44 0.333 0. 596 0 .035 0.119 O.S99 30 91 0.911 0 . .3~97 0.3003 

1/23/61 1.09 o.us 0.2~6 0.011 0.067 O.Sl7 30 125 1.090 o. 2400 0. 2617 
6/20/62 0.60 0.167 l.S37 o.osc 0 .061 0.3, 6 96 l$9.0 0.635 0.0625 0.0397 

1<611401 6/ 9/51 1.25 o.ou 0.903 0.049 0.092 1.220 $ 36 o. 734 0.1319 O.IOit 
6{!:/51 0.94 0.4C6 0.437 0.012 0.432 1.267 30• 43 1.414 0.6971 0.9663 
6/ 2/59 2.35 o. 777 O.S22 0.014 0.2 .. 0.439 86 144 0.911 O.S972 0.5441 

4 11301511 1.17 o.oJ< 0.192 0.062 0.037 ! . lOS 2 II 0.37< 0.1111 0.04~5 
5 S/26162 l.S7 0.034 O.lc9 0.037 0.025 o. 753 IS 36 ss. c o. cu 0.3611 0.1671 

14618010 I 6/:6/SI 1.85 0. <52 0.<2.2 0.028 0.129 0.390 sc 9C 0.532 o.S74S o. 3057 
2 7/10/59 <. OJ 0.300 O. lll 0.025 0.130 0 .3U 172 $00 I. 731 o. 51l5 0 .992< 
3 9/ w;9 1. 45 0.068 I. 7l·4 o.ou 0.028 0.62C 2 71 0.633 0.0256 o.o1o2 
c 6/ 7/61 2. 22 0.<90 0.213 0.027 0.223 0.<56 Ill IU 1.092 0 .9SU l.OC6P 
s 6/20/62 I . 71 0.211 0.643 o.ou 0.077 0.394 II 181 160.1 l.~S2 o .oos7 O.IIU 

141111001 I 1112/43 2.15 0. <90 l.5ac 0 .079 0.198 2.075 II 29 0.913 0.6207 0.5669 ,. 
2 6/21/45 1.09 0.<19 3.411 O.OSI ).002 2.356 I 24 o.aao 0.3333 o.::9s: 
s 6/24/49 2.00 o.clO 1.211 0.041 o. 723 I. 749 21 21 0.5114 1.0000 O.S936 
4 7/15/50 ~. .. 0.292 0 .531 0.056 0.431 !.SOl lS 53 1.3:5 0.6226 o.a:•t 
5 If 5/51 6.98 1.153 0.103 0.033 1.690 0 .940 lU• .. 42.2 1.565 1.3452 2.1046 

IC911002 I ~/12/Cl 2.05 o. c36 3.143 0 .080 1.210 2.977 8 13 0.626 0.6154 O.l8SO A 
2 7/11/CC 1.94 o. 212 1.413 0.071 0.351 1.6110 II 37 l.OCl 0.2432 0.2554 
3 6/lS/CS 1.08 O.C7C 3.4~4 0.0<6 1.2116 2.1l7 8 13 0. 611 0 .61SC 0.37011 
c 6/H/<9 2.39 0.4511 1.531 O.OS6 0.990 2.155 II 20 o. 718 o. 9000 0.6466 
5 7/15/SO 1.85 0.334 0.6~7 O.OSI 0.645 1.932 33 36 1.159 0 . 9167 1. 0626 
6 1/ S/Sl 6.77 1.70 0.926 O.OZJ I. 7C2 0.99t Ill 116 35.1 1.591 1.1771 1.1112 

14911003 I S/ll/56 0.86 o. ctt 2.141 0.027 0.151 0.:116 ll 30 0.192 0.3667 0.070S 
2 6/ 4/SI 3.23 1.271 1.370 0.034 O.S7S 0 .4SO 56 74 0.5SS o. 7561 0.4197 
3 9{13/62 0. 96 0.156 O.Ut 0.001 0.323 0. 407 so 72 51.7 0.517 0.6944 0 . 3593 

T* .. adjusted Te • e F = forested, A agricultural 
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TABLE C- 2. RAINFALL VARIABLES 

Cat-t £v•t r. .. , ~ N• .I •2 •• Mo. No. Data 2 2 
al.n Ilia (llin)Z (al.a)Z (ala) (a ta)Z (a la) 2 

106061114 I 7/IS/47 IS IS 156 u IS6 
2 II 9/47 35 S< lOU S7 57 ll70 75 
3 7/2l/5S 70 91 8892 616 68 S256 6<7 

10606105 I 7/17/57 55 19 731 sao 22 796 3-l< 
2 7/20/SI 10 5 25 5 2S 
J 7129/U 10 6 59 6 5 32 
4 7/23/ U 5 J 6 3 6 
5 7/22/U 20 60 3600 60 ~ 

I~ I 1/22/40 7 7 45 7 45 
2 1/ 1/U 6 2U 59049 2U Sll049 
3 1/U/4$ 6 3 ' 3 9 

11204004 I 3/26/ 40 2 IS 225 IS 225 
2 4/ 9/40 21 s 29 2 9 115 27 
3 5/ 4/40 10 5 25 JS s 2S Jl 

11511001 I 6/ 1/U S3 sa 176l Slil 37 1645 308 
2 7/21/41 63 39 1196 370 ., 2027 350 
l 1/ 1/50 90 41 2628 916 42 2613 810 • 7/11/56 40 21 ll06 110 lS 903 147 

12412006 I S/ t/51 4S 19 5<7 171 22 619 U7 
2 1/17/60 110 112 15744 3237 Ill 16911 3032 
l 7/25/62 IS 61 4$56 61 4SS6 

12707001• I 6/20/39 32 9 129 " II 178 sa 
2 6/ 7/53 6< 19 508 152 23 772 231 
3 6/15/57 66 3S ISI2 333 34 ISO I 358 

S/IS/60 4l 67 466l 153 69 41!16 Ill 
1/11/61 24 IS 272 560 IS 262 1000 

12707002 6/15/57 60 ll 1413 356 34 1473 340 
6/12/51 a 11 524 II 324 
7/ 3/59 •s 25 727 171 23 708 174 
S/IS/60 93 66 4641 l%6 62 4363 S07 
6/14/61 117 40 2191 S64 54 3920 1001 

14309001 4/24/57 39 19 565 12 17 379 87 
S/ 9/57 IS 10 . lOS u a aa 17 

3 S/IS/S7 101 26 1090 426 32 1753 721 
4 6/23/59 86 36 1670 400 36 1670 400 
5 7/ 9/61 17 u 180 21 13 200 23 
6 7/16/61 23 16 275 32 16 297 38 

14309002 I 6110/01 7S 31 1151 116 31 1227 22S 
2 6/IS/42 41 IJ 23·3 7 14 213 9 
3 7/IS/SO 71 46 2582 47S 40 2141 sz• • 6/2l /S9 Ill 60 4630 1044 65 S402 11S9 s 7/16/61 3s 12 215 u IS 318 ., 
6 7/23/61 16 12 112 38 12 169 24 

14309005 6/10/41 67 23 S!l6 17 24 681 127 
3/26/46 10 40 1571 7 40 1607 1 
4/24/57 56 12$ 15337 120 124 lSJ U 130 

4 6/ 15/6l 12 I 64 3 10 100 9 
5 7/16/61 7 s ss 6 5 35 s 
6 6/ 1/62 30 22 S49 71 Z3 591 6l 

14309006 I 4/24/S7 sa 2S 737 IU 2S 773 IJ9 
2 S/U/$7 43' 26 Ull 643 32 1973 9S6 
3 6/23/St 59 30 1163 255 so 1146 268 • S/22/61 18 41 1698 JO 36 1291 21 
5 6/25/ 61 49 3S 1690 242 33 IJS1 265 
6 6/ 9/62 28 II 393 74 19 401 64 

14309007 I 3/31/57 7 4 19 6 • 18 s 
2 6/ 4/S7 38 11 381 6S II 423 .. 
3 6/Zl/S9 47 22 615 216 23 720 207 • 6/25/61 52 II 157 41 26 952 213 
5 7/16/61 14 10 106 6 10 106 6 

14309001 I 4/24/S7 4l 22 519 112 22 S99 116 
2 S/13/S7 38• 20 717 370 29 1101 940 
3 6/ 4/57 33 IS 311 " 15 321 13 
4 6/23/59 103 51 4048 1<05 ss 4297 1264 
s 6/25/61 50 13 )20 140 26 957 294 
6 7/16/61 13 s 20 9 84 10 
7 6/ 9/62 l< 24 612 109 22 5116 103 

14309009 I 4/24/57 71 22 641 159 23 69S Ill 
2 S/IS/57 90 2J 843 319 23 ... 339 
3 6/ 4/57 31 14 245 56 14 264 62 • 6/23/U 106 41 3595 1271 56 4373 1275 
s 6/25/ 61 ., 14 322 114 25 135 221 
6 7/16/61 3 IS 210 IS 210 

14611006 I 'I 5/60 14 6 69 32 7 6S 22 
2 2/ZS/61 18 • 24 6 4 26 7 
3 5/ 1/62 IS II 179 ll 12 151 2S 

14611007 I 10/10/59 1116' 129 19465 1J2 20873 
2 8/26/60 115' 12S 17540 1162 ISZ 21SII S409 
3 9/ 2/60 30 20 •sz .. 18 568 55 

1/23/61 30 IJ9 19317 107 136 18569 112 
6/20/62 6 .. 1936 44 1936 

14611001 6/ 1/51 s II 117 I II Ill 2 
6/12/SI so• 3l 1116 56 138 1677 200 
6/ 2/59 116 105 11624 529 10a 12191 595 
9/30/59 2 67 .... 67 .... 
5/26/62 1J 26 615 3 24 576 12 

14618010 6/26/51 54 40 1756 191 41 1944 252 
7/10/59 172 163 30172 344l 165 30071 2924 
9/30/59 2 14 196 14 196 

4 6/ 7/61 Ill 110 13U2 1715 103 l21.C4 2208 
s 6120/62 18 153 23292 11 lSI 22146 Z3 

14911001 I 1/12/43 18 9 60 14 9 Ill 24 
2 6/28/4S I 3 IJ • • 16 4 
l 6/24/49 21 IS 200 23 13 209 29 • 7/15/SO 33 21 553 Ill 18 420 112 
5 1/ S/51 Ill' 19 8691 711 17 1664 1126 

14911002 I 8/12/43 8 s 32 • 6 37 • 2 7/11/ .. 9 17 260 .. 18 332 s 
l 6/21/ 49 8 3 14 4 • 16 • 6/ 24/ 49 u I< 209 12 15 258 21 

7/15/50 33 21 584 123 18 425 109 
8/ 5/51 113 89 S421 534 83 77 16 804 

14911003 5/13/56 11 II 337 18 312 
6/ 4/SI 56 45 2334 333 ., 2489 291 
9/IS/62 so 19 Stl 219 19 615 238 

T* e adjust ed T
8 • * very small value, negative val ue 
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Key Words: Unit hydrograph, land-use effect on unit 
hydrographs, forest l and- use catchments, agricultural 
land-use catchments. 

The effects of forest and agricultural land uses on f lood 
unit hydrographs of small catchments (up to 10 sq. mi.) 
is the subject of this paper. The unit hydrograph ap­
proach is used, suppl emented by the regression analysis. 
The unit hydrograph is approximated by the two-parameter 
incomplete gamma function. The regression analysis is 
used for relationships among hydrologic variables, and 
between the unit hydrograph parameters and physiographic 
factors. The average rise time is dependent on land use 
and catchment physiographic factors. A concept of re­
presentative catchment, equal for all the river basins 
studied, is introduced in order to separate the effects 
of geom.etry from the effects of land use. 
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The study indicates that for a given small catchment the 
agricultural land use means a smaller flood peak with a 
faster surface runoff, while the forest l and use means a 
smaller flood peak with a slower surface runoff. Catch­
ments with predominantly agricultural land use have unit 
hydrograph peaks approximately 2 to 4 times greater than 
the predominantly forest land-use catchments. 

Reference : Sangvaree, Wiroj and Yevjevich, Vujica; Colo­
rado State University, Hydrology Paper No. 92 (Jul y 1977), 
Effects of Forest and Agricultural Land Use on Flood Unit 
Hydrographs. 
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