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10.1 

CHAPTER 10. ESTIMATION OF DEECT RUNOFF FROM STORM RAINFALL 

The SCS method of estimating direct runoff from stom rainfall is de- 
scribed in this chapter. The rainfall-runoff relation of the method 
is developed, parameters in the relation are discussed, and applica- 
tions of the method are illustrated by samples. 

Introduction 

"he SCS method of estimating direct runoff from storm rainfall is 
based on methods developed by SCS hydrologists in the last three 
decades, and it is in effect a consolidation of these earlier meth- 
ods. The hydrologic principles of the method are'not new, but 
they are put to new uses. Because most SCS work is with ungaged 
watersheds (not gaged for runoff) the method was made to be usable 
with rainfall and watershed data that are ordinarily available or 
easily obtainable for such watersheds. 
available the method is adaptable to their use as illustrated in 
chapter 5. 

If runoff data are also 

The principal application of the method is in estimating quantities 
of runoff in flood hydrographs or in relation to flood peak rates 
(chap. 16). 
off. An understanding of the types is necessary to apply the meth- 
od properly in different climatic regions. 
types used in this handbook is based on the time from the beginning 
of a storm to the time of the appearance of a type in the hydro- 
graph. Four types are distinguished: 

These quantities consist of one or more types of run- 

The classification of 

Channel runoff occurs when rain falls on a flowing stream or 
on the impervious surfaces of a streamflow-measuring installation. 
It appears in the hydrograph at the start of the storm and con- 
tinues throughout it, varying with the rainfall intensity. It is 
generally a negligible quantity in flood hydrographs, and no at- 
tention is given to it except in special studies (see the discus- 
sion concerning the relationship of I to S in figure 10.2). a 

, .. . 
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Surface runoff occurs only when t h e ' r a i n f a l l  r a t e  is g rea t e r  
than the i n f i l t r a t i o n  r a t e .  The runoff flows on the watershed sur- 
face t o  the point of reference. This type appears i n  the hydrograph 
a f t e r  the  initial demands of interception, infiltration, and surface 
storage have been s a t i s f i e d .  
dur ing  o r  soon a f t e r  it. 
of watersheds i n  a r i d ,  semiarid, o r  subhumid climates is reduced by 
transmission losses  (chap. lg), which m y  be la rge  enough t o  e l imi-  
nate the runoff en t i re ly .  

It varies during the storm and ends 
Surface runoff flowing down dry channels 

is .alsa.employed for e e t i m a t i R ~ , - . ~ a ~ i Y h e d  lag as. shown i n  f igure  15..3.' 
The:.rainfall-runoff - reMt€On o f  the  SCS biiekhod c a  be :macje. t o  opera% 
with a: .pF. tkulgr . . ,$yp ..of"fLm;. It w a s  l inked with 'fir+ f'iinofb, .&s 

Subsurface flow occurs when i n f i l t r a t e d  rainfall meets an un- 

This type 
derground zone.of low transmission, t r ave l s  above the zone t o  the  
soil surface downhill, and appears as  a seep or  spring. 
i s  of ten  ca l led  "quick return flow" because it appears i n  the hydro- 
graph during o r  soon a f t e r  the storm. 

Base flow occurs when there  i s  a f a i r l y  steady flow from.natura1 
storage.  The flow comes from lakes o r  swamps, or  from an aqui fer  r e -  
plenished by i n f i l t r a t e d  rainfall or  surface runoff, o r  from "bank 
storage", which i s  supplied by i n f i l t r a t i o n  in to  channel banks as the 
stream water l e v e l  r i s e s  aqd which drains back in to  the stream as the 
water l e v e l  f a l l s .  
t o  have any influence on t h e - r a t e s  of the hydrograph fo r  that storm, 
but  base flow from a previous storm will increase the ra tes .  
flow m u s t  be taken in to  account in the design of the  pr inc ipa l  s p i l l -  
way of a floodwater-retarding s t ruc tqre  (chap. 2 l )  + 

This type seldom appears soon enough a f t e r  a storm 

Base 

All types do not regular ly  appearion all watersheds. 
indicator  of the  probabi l i ty  of the types. 
on smaller watersheds is nearly always surface runoff, but in humid 
regions it is generally more of the  subsurface type. 
cession of storms produces subsurface o r  base flow even in dry c l i -  
mates although the probabi l i ty  of t h i s  occurring is l e s s  in dry c l i -  
mates than in wet clirnates. 

Climate i s  one 
In a r i d  regions the flow 

But a long suc- 
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The Rainfall-Runoff Rela t ion  

1 0 . 3  

. .  .. . . 
. -  . .  ., 

The most g e n e r a l l y  a v a i l a b l e  r a i n f a l l  data i n  the  United S t a t e s  are t h e  
amounts measured a t  nonrecording r a i n  gages,  and i t  vas f o r  t h e  u s e  of 
such d a t a  or t h e i r  e q u i v a l e n t  t h a t  the  r a i n f a l l - r u n o f  f r e l a t i o n  w a s  
developed. The d a t a  a r e  t o t a l s  f o r  one or more storms o c c u r r i n g  i n  a 
ca lendar  day, and noth ing  is known about  t h e  time d i s t r i b u t i o n s .  The 
r e l a t i o n  t h e r e f o r e  excludes t i m e  as a v a r i a b l e ;  t h i s  means t h a t  r a i n f a l l  
i n t e n s i t y  is ignored.  . I f  e v e r y t h i n g  but s torm-durat ion or i n t e n s i t y  i s  
t h e  same f o r  two s torms,  t h e  estimate of runoff is the same f o r  both 
s torms.  Runoff amounts f o r  s p e c i f i e d  t i m e  increments of a s torm can be 
e s t i m a t e d  as shown i n  example 10.6, but even i n  t h i s  process  the  e f f e c t  of 
r a i n f  all. i n t e n s i t y  is ignored .  

DEVELOPMENT 

I f  r e c o r d s  of n a t u r a l  r a i n f a l l  and runoff  f o r  a l a r g e  s torm over  a small 
area are used, p l o t t i n g  of accumulated runoff versus  accumulated r a i n f a l l  
w i l l  show t h a t  runoff starts a f te r  some r a i n  accumulates ( t h e r e  is an 
" i n i t i a l  a b s t r a c t i p n "  of r a i n f a l l )  and t h a t  t h e  double lpass  l i n e  c u r v e s ,  
becoming asymptot ic  t o  a s t r a i g h t  l i n e .  On a r i t h m e t i c  graph paper and 
w i t h  e q u a l  scales, t h e  s t r a i g h t  l i n e  has a 45-degree s l o p e .  The r e l a t i o n  

. between r a i n f a l l  and runoff can be developed from t h i s  p l o t t i n g ,  but a 
b e t t e r  e x p l a n a t i o n  of t h e  r e l a t i o n  is g iven  by f i r s t  s t u d y i n g  a s torm i n  
which r a i n f a l l  and runoff  begin s imul taneous ly  ( i n i t i a l  a b s t r a c t i o n  is I z e r o ) .  For t h e  s impler  s torm t h e  r e l a t i o n  between r a i n f a l l ,  r u n o f f ,  and 
r e t e n t i o n .  (the r a i n  not converted t o  r u n o f f )  a t  any point  on t h e  mass 
curve can be expressed as: 

b 

I 
I 

,.. (. ~ - .. .. 

I 
where : 

F = a c t u a l  r e t e n t i o n  a f t e r  runoff begins 
S = p o t e n t i a l  maximum r e t e n t i o n  a f t e r  runoff begins  ( S  2 F) 
Q = a c t u a l  runoff 
P = r a i n f a l l  (P > Q) I 

I 
1 - 

Equat ion 10.1 a p p l i e s  t o  on-s i te  r u n o f f ;  f o r  l a r g e  watersheds t h e r e  is a 
l a g  i n  t h e  appearance of t h e  runoff  a t  t h e  s t ream gage, and the  double- 
mass curve produces a' d i f f e r e n t  r e l a t i o n .  But i f  storm t o t a l s  f o r  P and Q 
a r e  used e q u a t i o n  10.1 does apply even f o r  l a r g e  watersheds because t h e  
e f f e c t s  of the  l a g  a r e  removed. 

I The r e t e n t i o n ,  S,  i s  a cons tan t  €or a p a r t i c u l a r  storm because i t  is t h e  1 
maximum t h a t  can occur under the  e x i s t i n g  condi t ions  i f  the  s torm 
c o n t i n u e s  without  l i m i t .  T h e  r e t e n t i o n  F . va r i e s  because i t  Is t h e  
d i f f e r e n c e  b e t w e e n  P and Q a t  any poin t  on the mass c u r v e ,  or: 

(210-VI-NEII-4 ,  Amend. 6 .  March 1985) BE08086 



10.4 

. I  

F a . P  - Q 

Equation 10.1 can t h e r e f o r e  be r e w r i t t e n :  

p - Q a 9  
S P 

Solv ing  f o r  Q produces t h e  e q u a t i o n :  

P2 
Q=p+s 

(10.2) 

(10 .3 )  

- 

(10.4) 

which i s  a rainfal l - rurvoff  r e l a t i o n  i n  which t h e  i n i t i a l  a b s t r a c t i o n  i s  
ze ro .  

I f  an i n i t i a l  a b s t r a c t f o n  ( I a )  g r e a t e r  than zero is c o n s i d e r e d ,  t h e  amount 
of r a i n f a l l  a v a i l a b l e  f o r  runoff  i s  P - Ia i n s t e a d  of P. 
P - I, f o r  P i n  equa t ions  10.1 through 10.4 the fo l lowing  e q u a t i o n s  
r e s u l t .  The e q u i v a l e n t  of e q u a t i o n  10.1 becomes: 

By s u b s t i t u t i n g  

- -  F - Q  
s P - I a  (10.5) 

where F - < S, and Q - < (P - I a ) .  
of Ia and F. 
c o n s i s t s  of I and S. 

The t o t a l  r e t e n t i o n  f o r  a s t o m  c o n s i s t s  
The t o t a l  p o t e n t i a l  maximum r e t e n t i o n  ( a s  P g e t s  very l a r g e )  

a 

Equation 10.2 becomes : 

P = (P - 1,) - Q 

equa t ion  '10.3 becomes: 

(P - I a>  - Q - Q  - 
S (P - . I a )  

and equa t ion  10.4 becomes : 

I 

( P  - y- 
o = (P - l a )  + s 

(210-VI-NEH-4, Amend. 6 ,  March 1985) 

(10.6)  

(10 -7 )  

(10.8) 
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which is the rainfall-runoff relation with the Initial abstraction taken 
into account. * 

The initial abstraction consists, mainly of interception, infiltration, and 
surface storage, all of whlch occur before runoff begins. The insert on 
figure 10.1 shows the position of 'Ia in a typical storm. To remove the 
necessity for estimating these variables in equation 10.8, the relation 
between 1, and S (which includes Ia) was developed by means of rainfall 
and runoff data from experimental small watersheds. The relation is 
discussed later in connection with figure 10.2. The empirical 
relationship is: 

1, = 0.2  s 

Substituting 10.9 in 10.8 gives: 

2 (P - 0 .2  S) 
Q =  P + 9 . 8 S  

(10.9) 

% 

(10.10) 

which is the rainfall-ninoff relation used in the SCS method of estimating 
direct runoff from storm rainfall. 

Retention Parameters 

Using the equation 10.9 relationship, the total maximum retention can be 
expressed as 1.2 S. 
interception, infiltration, and surface storage occurring before runoff 
begins. S i s  mainly the infiltration occurring after. runoff begins. This 
later infiltration is controlled .by the rate of infiltration at the soil 
surface or by the rate of transmission in the s o i l  profile or by the 
water-storage capacity of the profile, whichever is the limiting factor. 
A succession of storms, such as one a day for a week, reduces the 
magnitude of S each day because the limiting factor does not have the 
opportunity to completely recover its rate or capacity through weathering, 
evapotranspiration, or drainage. But there is enough recovery, depending 
on the soil-cover complex, to limit the reduction. During such a storm 
period the magnitude of S remains virtually the same after the second or 
third day even if the rains.are large so that there is, from a practical 
viewpoint, a lower limit to s for a given soil-cover complex. 
there is a practical upper limit to S ,  again depending on the soil-cover 
complex, beyond which the recovery cannot take S unless the complex is 
altered. 

Ia, as previously stated, consists mainly of 

Similarly, 

Q00088 (210-VI-NEH-4, Amend. 6, March 1985) 



10.6 

In t he  SCS method, t h e  change in S ( a c t u a l l y .  i n  CN) i s  based on an 
an tecedent  moi s tu re  c o n d i t i o n  (AMC) determined by t h e  t o t a l  r a i n f a l l  in 
t h e  5-day per iod  p reced ing  a s torm.  Three l e v e l s  of AMC are used: 
is t h e  lower limit of moi s tu re  or t he  upper l i m i t  of S ,  AMC-I1 is t h e  
average f o r  which t h e  (3 of t a b l e  9.1 apply ,  and AMC-ILI is t h e  upper 
l i m i t  of mois ture  or t h e  lower l i m i t  of S. The CN i n  t a b l e  9.1 were 
determined by means of r a i n f a l l - r u n o f f  p l o t t i n g s  as d e s c r i b e d  i n  c h a p t e r  
9. The same p l o t t i n g s  se rved  f o r  g e t t i n g  CN f o r  AMC-I and AMC-111. Tha t  
is, t h e  curves  of f i g u r e  10.1, when superimposed on a p l o t t i n g ,  also 
showed which curves  b e s t  f i t  t h e  h i g h e s t  (AMC-111) and lowes t  (AN-I) 
t h i r d s  of t h e  p l o t t i n g .  The CN f o r  high and low mois tu re  l e v e l s  w e r e  
e m p i r i c a l l y  r e l a t e d  t o  t h e  CN of t a b l e  9.1; t h e  r e s u l t s  are shown in 
columns 1, 2,  and 3 of t a b l e  10.1, which a l s o  g ives  v a l u e s  of S and Ia for  
t h e  CN i n  column 1. The r a i n f a l l  amounts on which t h e  s e l e c t i o n  of AHC is 
based a r e  given in t a b l e  4 . 2 ;  t h e  d i s c u s s i o n  i n  c h a p t e r  2 concerns  t h e  
va lue  of r a i n f a l l  a lone  as a c r i t e r i o n  f o r  AMC. Use of t a b l e s  4 . 2  and 
10.1 is demonstrated l a t e r  in t h i s  chap te r .  In t he  s e c t i o n  on comparisons 
of computed and a c t u a l  r u n o f f s ,  an  example shows t h a t  f o r  certain problems 
t h e  extreme AMC can be ignored  and t h e  average CN of t a b l e  9.1 a l o n e  
a p p l i e d .  

AMC-I 

RELATION OF I, TO S. Equat ion  10.9 is based on t h e  r e s u l t s  shown i n  
f i g u r e  10.2 which i s  a p l o t t i n g  of 1, v e r s u s . S  f o r  i n d i v i d u a l  s torms .  The 
d a t a  were der ived  from reco rds  of n a t u r a l  r a i n f a l l  and runoff  from 
watersheds less than  10 acres in s i z e .  The l a r g e  amount of scatter in t h e  
p l o t t i n g  i s  due mainly t o  e r r o r s  i n  t h e  estimates of Ia. 
o f  S were e s t ima ted  by p l o t t i n g  t o t a l  s torm r a i n f a l l  and runoff  on f i g u r e  
10.1, de te rmining  t h e  CN,  and de termining  the  S from t a b l e  10.1. The 
magnitudes of 1, were e s t i m a t e d  by t a k i n g  t h e  accumulated r a i n f a l l  from 
t h e  beginning of a stom t o  t h e  t i m e  when runoff s t a r t e d .  E r r o r s  in S 
were due t o  d e t e r m i n a t i o n s  of average  watershed r a i n f a l l  t o t a l s ;  t h e s e  
e r r o r s  were very small. 
fo l lowing:  (i) d i f f i c u l t y  of de te rmining  t h e  t i m e  when r a i n f a l l  began, 
because of s torm t r a v e l  and l ack  of i n s t rumen ta t ion ,  (ii) d i f f i c u l t y  of  
de te rmining  t h e  t i m e  when runoff  began, owing t o  t h e  e f f e c t s  of - r a i n  on 
t h e  measuring i n s t a l l a t i o n s  (channel  r u n o f f )  and t o  t h e  l a g  of runoff  from 
t h e  watersheds ,  and (iii) i m p o s s i b i l i t y  of de te rmining  how much 
i n t e r c e p t i o n  p r i o r  t o  runoff  la ter  made i ts  way to  t h e  soil s u r f a c e  and 
c o n t r i b u t e d  t o  r u n o f f ;  t h e  s i g n s  and magnitudes of t hese  e r r o r s  a r e  not  
known. Only enough p o i n t s  are p l o t t e d  in f i g u r e  10.2 t o  show t h e  
v a r i a b i l i t y  of t he  d a t a .  The l i n e  of r e l a t i o n s h i p  c u t s  t h e  p l o t t i n g  i n t o  
two equa l  numbers of p o i n t s ,  and the  s l o p e  of the  l i n e  i s  1: l  because t h e  
d a t a  do not i n d i c a t e  o the rwise .  A s i g n i f i c a n t  s t a t i s t i c a l  c o r r e l a t i o n  
(chap.  18) between Ia and S can be  made by adding more p o i n t s  and 
t n c r e a s i n g  the  "degrees  of Ereedom," but t h e  s t anda rd  e r r o r  of e s t i m a t e  
w i l l  remain l a rge  oving t o  the  d e f i c t e n c i e s  i n  the d a t a .  

The magnitudes 

E r r o r s  i n  la were due t o  one or more of t h e  

. 

UGUbQjld 
(110-VI-NEH-4, Amend. 6 ,  March 1985) 
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Graphs and Tables  f o r  t h e  S o l u t i o n  of Equat ion 10.10 

Shee t s  1 and 2 of f i g u r e  10.1 con ta in  graphs  f o r  t h e  r a p i d  s o l u t i o n  of 
equa t ion  10.10. 
so i l - cove r  complex number) is a t r a n s f o r m a t i o n  o f  S ,  and it  is  used t o  
make i n t e r p o l a t i n g ,  averaging ,  and weight ing  o p e r a t i o n s  more n e a r l y  
l i n e a r .  The t r ans fo rma t ion  is:  

The parameter CN ( runof f  curve number or hydrologic  

-_ 1000 
s + 10 c N =  i (10.11) 

o r  
- 10 (10.12) 1000 

CN S =  

Tables  for t h e  s o l u t i o n  of equa t ion  10.10 a r e  g iven  i n  SCS Techn ica l  
Release 16 f o r  P from zero  t o  40.9 i nches  by step.s of  0.1-inch and for 
all whole-numbered CN i n  t h e  range from 55 through 98. 

r- 

USE OF S AND CN. It i s  more convenient  t o  use  CN on f i g u r e  10.1,  b u t  
it will g e n e r a l l y  be necessary  t o  use S f o r  o t h e r  a p p l i c a t i o n s  such 
as t h e  a n e y s i s  of runoff  d a t a  o r  t h e  development of supplementary 
rmoff r e l a t i o n s h i p s .  
t y p i c a l  use  of S. 
f o r  ZN is  added l a t e r  t o  t h e  graph f o r  e a s e  of a p p l i c a t i o n .  

Example 5.5 and f i g u r e  5 . 6 ( b )  i l l u s t r a t e  a 
The r e l a t i o n s h i p  i s  developed us ing  S,  bu t  a s c a l e  

J u l y ,  1969 

., 
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Table 10.1. Curve numbers (CN) and constants for the case Ia = 0.2 S 

; .  . 1 2 3  4 5 1 2 3  4 5 
. .  . ... 

. _. . .  . . .  
: :..'L ..._.. .... . . , . . . . . 

Curve+ 
starts 
where 

CN for CN for 
'Ondi - conditions values" 
tion 1 1x1 . 

Curve* 
starts CN for CN for condi - 

tion 
I1 

. .  . .  . .  

conditions values* where 
I I11 P =  I1 p =  

(inches) -- (inches) (inches) -- (inches) 

100 
99 

. 98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 

100 
97 
94 
91 
89 
87 
85 
83 
81 
80 
78 
76 
75 
73 
72 
70 
68 
67 
66 
64 
63 
62 
60 
59 
58 
57 
55 
54 
53 
52 
51 
50 
48 
47 
46 
45 
44 
43 
42 
41 

100 
100 
99 
99 
99 
98 
98 
98 
97 
97 
96 
96 
95 
95 
94 
94 
93 
93 
92 
32 
91 
91 
90 
89 
89 
88 
88 
87 
a6 
86 
85 
84 
e4 

c2 
a3 

a2 
a1 eo 
79 
7e 

0 
.lo1 
. a 4  
-309 
.417 
.526 
.638 
.753 
.870 
989 

l.U 
.1.24 

1.36 
1.49 
1.6j 
1.76 
1-90 
2.05 
2.20 
2.j4 
2.50 
2.66 
'c .E2 
2.93 
3.16 
3.33 
5 -51 
3-70 
3.89 

4.49 

4.92 
5 -15 
5 -38 
5.62 
5 3 7  
6.13 
5 .  jg 

4.08 
4.28 

4.70 

0 
.02 
.04 
.06 
.08 
.U 
13 
15 

-17 
.20 
.22 
-25 
27 
* x  
33 
35 

-38 
.41 
.44 
47 

-50 
53 

.56 

.€Q 

.6j  
67 
70 

.74 - 78 

.82 

.% 

.w 
-94 
.9e 

1-03 
1 .oa 
1.12 
1.17 
1.23 
1.28 

60 40 78 
59 39 77 
58 38 76 
57 37 75 
56 36 75 
55 35 74 
54 34 73 
53 33 72 
52 32 71 
51 31 70 
50 31 70 
&g . 30 69 
48' 29 68 
47 28 67 
46 27 66 
45 26 65 
44 25 64 
43 25 63 
42 24 62 
41 23 61 
4 0 2 2 6 0  
39 21 59 
38 21 58 
37 20 57 
36 19  56 
35 18 55 
j 4  18 54 
33 17 53 
92 16 52 
31 16 51 
30 15 5p 

6.67 
6.95 

7.54 
7 -86 
8.18 
8.52 
8.87 
9.23 
9.61 

7.24 

10 .o 
10.4 
10.8 
11.3 
U.7 
12.2 
12.7- 
13.2, 
13.8 

15 .o 
15.6 
16.3 
17 .o 
17.8 
18.6 

14.4 

19.4 
20. 3 
21.2 
22.2 
23.3 

25 12 43 30.0 
20 9 37 40.0 
15 6 3 56.7 
10 4 22 9.0 

2 lj 19.0 
0 0 infinity 

5 
0 

1-33 
1-39 
1 .%5 
1.51 
1 -57 ,  

'1.64 
1.70 
1-77 
1-85 
1.92 
2.00 
2.08 
2.16 
2.26 
2. j 4  
2.44 
2.54 
2.64 
2.76 
2.88 
j .oo 
j .12 
j.26 
3 .40 
3-56 
3.72 
3.88 
4.06 
4.24 
4.4-4 
4.66 

6 .oo 
8 .c)O 
11.34 
18.00 
38.00 

infinity 

- -- 
*For CN in colcm 1. 
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Applications 

The examples i n  t h i s  pa r t  mainly i l l u s t r a t e  the use of tab les  4.2, 
9.1, and 10.1 and f i g a r e  10.1. Recards from gaged watersheds are 
used i n  some exawl=.s t o  :orr,care cenp-t’d v i t h  ac tua l  nnoffs .  The 
errors  i n  a runoff estimate are  due t o  one or more of the following: 
empiricisms of tab le  4.2 o r  f igure 4.9, o r  tab le  9.1 and similar 
tables  i n  chapter 9, of the  r e l a t ion  between AM= (columns 1, 2, and 
3 of table lO.l), a2d Df equation 10.9; and s r ro r s  i n  determinations 
of average watershed rainfall  (chap. 4), s o i l  groups, (chap. 7 ) ,  land 
use and treatment (chap. 8 ) ,  and related computations. Consequently 
i t  is  impossilile t o  s ta te  a standard e r ror  of estimate f o r  equation 
10.10; comparisons of computed and ac tua l  runoffs indicate  only t h e  
algebraic  SMS of e r ro r s  from various sources. 

SISGLESTOM. 
of the estimation method when there  i s  no question regarding the  ac- 
curacy of rainfall,  land use and treatment, and s o i l  gxoup determina- 
t ions.  

The f irst  example is a typ ica l  rout ine appl icat ion 

Example 10.1. - During a storm an average depth of 4.3 inches 
of rain f e l l  over a watershed with a cover of good pasture,  
soils in t h e  C group, and an AK-11. 
o f f .  

Es t ima te  t he  d i r e c t  run- 

1. Determine the  CN. 
der  s o i l  group C read a CN of 74, which is for M-11. 

In  tab le  9.1 a t  “Pasture, good” and un- 

2. Estimate the runoff. Enter figure 10.1 with the ra infal l  
of 4 .3  inches and a t  CN = 74 (by interpo1ation)find Q = 1.83 
inches. 

In  prac t ice  the  estimate of Q is carr ied t o  two decimal places to  
avoid confusing d i f f e ren t  estimates. Except f o r  such needs the  es- 
timate should generally be rounded to  one decimal place; i n  example 
10.1 the rounded estimate is 1.8 inches. 
is not accurately known the  estimate is rounded even fu r the r  o r  t he  
range of the estimate is  given as i n  the following example. 

If the  storm rainfall amount 
; 

Example 10.2.--During a thunderstorm a ra in  of 6.0 inches w a s  
measured a t  a r a i n  gage 5.0 miles from the center of a water- 
shed that had a flood from t h i s  storm. The drainage area of 
the watershed i s  840 acres ,  cover is f a i r  pasture, s o i l s  are 
i n  the  D group, and AkC-I1 appl ies .  
o f f .  

Estimate the  d i r e c t  run- 
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1. Determine the average watershed rainfall. 
with.the distance of 5.0 miles and at line for a rain of 6.0 
inches read a plus -error 'of 2.8 inches. 
half t h i s ,  or 1.4 inches. 
no "areal correction" of rainfall is necessary (see figure 21. -- 
and related discussion in chapter a), therefore the average 
watershed rainfall ranges from 8.8 to 4.6 inches. 

Enter figure 4.4 

The minus -error I s  
The watershed is s m a l l  enough that 

2. Determine the CN. 
in the D s o i l  group. 

3. Estimate the direct runoff. 
fall of 8.8 inches and at CN = 84 (by interpolation) read an 
estimated runoff of 6.87 inches; a lso  enter with the rainfall 
of 4.6 inches and read a runoff of 2.91 inches. 
.the estimate of direct runoff is given as being between 2.9 and 
6.9 inches or, better yet, between 3 and 7 inches. 
bility level of figure 4.4 can also be used with the runoff es- 
timate. 

In tabie 9.1 the CN is 84 for fair pasture 

Enter figure 10.1 with the rain- 

After rounding, 

The proba- 

Table 10.1 is used when it is necessary to estimate runoff for a 
watershed in a dry or wet condition before a storm: 

Example 10.3.--For the watershed of example 10.1, estimate the 
direct runoff for AX-I and AM=-I11 and compare with the estl- 
mate for M-11. 

1. Determine the CN for M-11. 
example 10.1; the CN is 74. 

2. Determine CN for other AM=. 
in column 1 and in columns 2 and 3 read CN = 55 for AM=-I and 
CN = 88 for M-111. 

This is done in step 1 of 

Enter table 10.1 at CN = 74 

3. Estimate the runoff's. Enter figure 10.1 with the rainfall 
of 4.3 inches (from ex. 10.1) and at CN = 55, 74, and 88 read 
(by interpolation as necessary) that Q = 0.65, 1.83, and 3.00 
inches, respectively. The comparison in terms of .AM=-II run- 
off is as follows: 

Direct runoff, Q A E z : c N  
Inches As percent As percent of 

of rainfall Qr AMC-I1 

I 55 0.65 15 .i 35 06 
I1 74 1.83 42.5 100 
I11 88 3 .oo 69.8 164 

Note that the runoff in inches or percents is not'simply proportional 
to the CN so that the procedure does not allow for a short cut. 
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ALTEWATE METHODS OF ESTIMATION FOR MULTIPLE COMPLEXES. 
runoff f o r  watershedshwing more than one hydrologic soil-cover com- 
plex can be estimated i n  e i t h e r  of two ways: 
off i s  estimated f o r  each complex and weighted t o  ge t  the watershed 
estimate; i n  exzmple 10.5 the  CN a re  weighted to  ge t  a watershed CN 
2nd the r.ao'f- _ _  is es t ina ted  using it. 

The d i r e c t  

in example 10.4 the  run- 

Exam2le l O . k . - - A  watershed of 6jo acres 'has  400 acres i n  "Row 
crop, contoured, good rotation" and 230 acres i n  "Rotation 
meadDw, contoured, good rotation." 
Find the  d i r e c t  runoff f o r  a r a in  of 5.1 inches when the water- 

A l l  so i l s  a r e  i n  the B group. 

--shed is  i n  =-11. 

1. Determine the  CN. 
the rox crop and 69 f o r  the meadow. 

Table 9.1 shows that the CN a r e  75 f o r  

2. Estimate runoff f o r  each complex. 
the rain of 5.1 inches and a t  CN of 75 and 69 read 2% of 2.52 
and 2.0j  inches respectively.  

Enter f igure 10.1 with 

3 .  Compute the weighted runoff. 
work. 

The following tab le  shows the 

Hydrologic soil-cover complex Acres &(inches) Acres X Q 

Row crop e t c .  
Meadow e t c .  

400 2.52 1,008 
230 - 2.03 467 

Totals : t;;,0 1 f 475 

The weighted Q is 1475/630 = 2.34 inches. 

Example 10.5.--LTse the  watershed and r a i n  data of example 10.4 
and make the runoff estimate using a weighted CN. 

1. Determine the CN. 
the  row crop and 69 f o r  the meadow. 

Table 9.1 shows that the CN a r e  75 f o r  

2. Compute the weighted CN. The following "able shows the work. 

Hydrologic soil-cover complex - Acres -- CN Acres X CN 

Row crop etc.  75 30 , 000 
Meadow e t c .  230 69 15,870 -- 

Totals: 630 45 j 870 

The weighted CN is 45,870/630 = 72.8. Use 73. 
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3. Estimate the  runoff. 
5.1 inches and a t  CN = 73' (by interpolat ion)  read Q = 2.36 
inches. (Note: 
t he  mounded  CN is used.) 

Enter f igure  10.1 with the rain of 

Q is 2.34 inches j u s t  as in example 10.4 if 

Without the  rounding i n  s tep  2 of example 10.5, both methods of 
weighting give the same Q t o  t k e e  s igni f icant  figures, and there 
appears to  be no reason f o r  cboosing one method over the other .  
But each method has i t s  advan'tages and disadvantages. The method 
of weighted4  always gives the correct  r e s u l t  ( i n  terms of the given 
da ta)  but  it required more work than the weightedCN method especial ly  
when a w3tershed has many ccn2lexes. The method of weightedCN i s  
easfer  t o  use with many complexes o r  with a s e r i e s  of storms, but 
when there  a r e  la rge  differences in CN f o r  a watershed this method 
w i l l  under- o r  over-estimate Q, depending on the s i z e  of t he  storm 
rainfall.. 
area (CN = 100) and 175 acres of lawn classed as good pasture on a 
B soil (CN = 51) w i l l  have the following Q ' s  by the  two methods ( a l l  
en t r i e s  i n  inches): 

For example an urbvl watershed with 20 acres  of impervious 

Storm rainfall: 1 2 4 8 16 32 

Q (weighted-CN method): 0 .13 1.03 3.89 10.97 26.34 
Q (weighted4 method): 0.10 0.27 1.14 3.91 10:85 26.10 

This comparison shows that the method of weighted-& i s  preferable 
when smsl l  rainfalls are used and there  a re  two o r  more widely d i f -  
f e r ing  CN on a watershed. 
of weighted-CN i s  less time-consuming and almost as accurate. 

For conditions other  than these the method 

MULTIPLE-DAY STORMS AND STORM SERIES. Data from a gaged small 
watershed w i l l  be used i n  the following example t o  i l l u s t r a t e  (i) 
an appl icat ion of the method of estimation t o  a s t o h  se r i e s  such 
as used i n  evaluation of a floodwater-retarding pro jec t ,  ( i i )  t r e a t -  
ment of multiple-day storms, which d i f f e r s  from that of design storms 
i n  chapter 21, and (iii) the amount of e r ro r  general ly  t o  be expected 
from use of the  method. The data t o  be-used are taken from: 

Reference 1. "The Agriculture, Soi l s ,  Geology, and.Topography 
of the  Blacklands Experimental Watershed, Waco, Texas," Hydro- 
log ic  Bul le t in  5, U.S. So i l  Conservation Service, 1942. 

Reference 2. "Summary of Rainfal l  and Runoff, 1940-1951, a t  
Blacklands Experimental Watershed, Waco, Texas," U.S. Soi l  
Conservation Service, 1952. 

The watershed i s  W - 1  w i t h  an area of 176 acres ,  average annual r a in -  
f a l l  of 34.95 'inches fo r  the period 1940-1952 inclusive,  and average 
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storm r a i n f a l l  depths determined from amounts a t  four gages on o r  
very near the watershed. According t o  f igure 4.6 ( i t s  scales  must 
be extended f o r  so s m a l l  a watershed) the storm rainfall.  amounts w i l l  
have a negligible e r ror .  With this exception the data t o  be used a r e  
equivalent t o  those ord inar i ly  obtained fo r  w a g e d  watersheds. 

Example 10.6.--Estimate the  runoff zmounts from storms that pro-  
duced the maxim annual peak ra tes  of flow a t  watershed w - 1 ,  
Waco, Texas, f o r  the period 1940-1952 inclusive.  

1. Determine the s o i l  groups. 
a r e  Houston Black Clay o r  equivalents. 
shows these s o i l s  a re  i n  the D group. 

Reference 1 shows t h a t  the  s o i l s  
Table 7.1 i n  chapter 7 

2. Determine the average land use and'treatment for  the period 
1940-1952. Reference 2 gives information from which the  aver-  
age land use and treatment i s  determined t o  be: 

Land use and treatment Percent of area 

Roy crop, s t r a igh t  row, poor rotat ion 58 
S m a l l  grain,  s t r a igh t  row, poor ro ta t ion  25 
Pasture (including hay), f a i r  condition 15 
Farmsteads and roads 2 

3. Tabulate the  storm dates ,  to ta l  rainfall f o r  each date,  and 
the 5-day antecedent rainfall. Reference 2 gives the informa- 
t i on  shown in columns l through 5 of table  10.2. 

4. Determine the CN f o r  AK-I, -11, and -111. 
the CN f o r  .each complex; the computation of the weighted CN f o r  
AX-I1 is :  

Table 9.1 gives 

Hydrologic soil-cover complex Percent/100 - CN Product 

Row crop e tc .  0 3 8  91 52.7 
Small grain e t c .  25 88 22.0 
Pasture e t c .  15 84 12.6 
Farmsteads e t c  . - .02 94 1.9 

Totals 1 .oo 89.2 

No divis ion of the  product is necessary because "percent/100" 
i s  used. 
a r e  obtained from table  10.1 and are:  

The CN is rounded to  89. CN fo r  the other two AMC 

m: I I1 I11 
CN : 76 89 96 
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5. Determine which AM= appl ies  f o r  each ra in .  in  column 4, t ab l e  
10.2. The AplE f o r  the f irst  day of a d t i p l e 4 a y  storm is ob- 
tained by use of dates in columns 2 and 3 ( t o  ge t  the season), 
antecedent r a i n f a l l  i n  column 5, and f igure 4.9. The AE%= f o r  
succeeding days i n  a multiple-day storm is s imi la r ly  obtained 
but wi th  the previous day's ra in  (from column 4) added t o  the 
antecedent r a i n f a l l .  The r e su l t s  a r e  shown i n  column 6. The 
CN f o r  the AMC a re  shown i n  column 7. 

6. Estimate the runoff f o r  each day. 
r a i n f a l l  i n  column 4 and the  CN in column 7 and estimate the run- 
o f f .  The r e su l t s  a r e  tabulated i n  column 8.  

Enter f igure  10.1 with the  

7. Add the  da i ly  runoffs i n  a storm period t o  ge t  the  storm t o -  
t a l .  The t o t a l s  a r e  shown i n  column g. This s tep  completes 
the example. 

Actual runoffs fo r  W-1, taken from reference 2, a r e  given in columns 
10 and ll f o r  comparison with the  estimates i n  columns 8 and 9. 
ferences between computed and ac tua l  runoffs a r e  shown i n  columns 12  
and 13. 
f a i r l y  large;  the e r rors  may be due to one o r  more of severa l  causes, 
of which the most obvious is  applying an average land use and t r e a t -  
ment to  a l l  years and a l l  seasons i n  a year. The qua l i ty  of land use 
and treatment varies (that is, the  CN varies from the average) from 
year to year because of r a i n f a l l  and temperature excesses o r  def ic ien-  
c i e s  and during the seasons of a year because of stages in  crop growth 
as  well .  
unknown so that the method of t h i s  example is  usually followed; if they 
a r e  known, the  CN a r e  increased o r  decreased on the  bas i s  of the  hydro- 
log ic  condition as  described i n  the  next section. A comparison made 
l a t e r  i n  t h i s  chapter i l l u s t r a t e s  that e r rors  of estimate, even when 
f a i r l y  large,  do not adversely a f f e c t  frequency l i nes  constructed from 
the  estimates as  long as  the  e r rors  a r e  not a l l  o f  one type. 

D i f -  

For some estimates the differences (o r  estimation e r r o r s )  a r e  - 

In p a c t i c e  the magnitudes of the  var ia t ions a r e  general ly  

SEASONAL 0R.ANNUAL VARIATIONS. 
average crop conditions f o r  a growing season. If seasonal var ia t ions  
i n  the CN a re  desired,  the stages of growth of the pa r t i cu la r  crop i n  
the complex indicate how much and when to  modify the average CN. 

The average CN i n  tab le  9.1 apply t o  

For cul t ivated crops i n  a normal growing season the CN a t  plowing o r  
planting time is  the same as  the CN fo r  fallow i n  the same s o i l  group 
of t ab le  9.1; midway between planting and harvest or cu t t ing  times the 
CN is  the  average i n  tab le  9.1; and a t  the time of normal peak growth 
o r  height (usually before harvest)  the CN is: 

mnormal peak growth 1 average 2 (CN (CNfallow) 
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Thus, if  the average CN is 83 and the  fallow CN i s  91, the  normal 
peak growth CN is 79. After harvest  the CN varies between those f o r  
fa l low and normal peak growth, depending on the effect iveness  of the  
p lan t  residues as ground cover. In  general, if 2 / 3  of the  soil sur- 
face is  exposed, the fallow CN applies;  if 1/3 is  exposed, the aver- 
age CN appl ies ;  and i f  p rac t i ca l ly  none i s  exposed the noma1 peak 
growth CN appl ies .  

. .  . .  . .  . . .  
. .  
. .... _. . -:-. . 

For pasture, range, and meadow, the seasonal var ia t ion  of CN can be 
estimated by means of tables  8.1 and 8.2; f o r  woods o r  f o r e s t ,  the  
Forest  Service method i n  chapter 9 i s  applicable.  

Changes i n  CN because of above- o r  below-normal ra infal l  o r  tempera- 
ture occur not only from year t o  year but  a l s o  within a year.  They 
are more d i f f i c u l t  t o  evaluate than changes from normal crop growth 
because de ta i led  s o i l  and crop h i s to r i e s  a r e  necessary but  seldom 
available; climate records are a poor subs t i t u t e  even f o r  estimating 
gross departures from normal. 
flow s t a t i o n  3re a b e t t e r  subs t i t u t e  because they provide a means of 
r e l a t ing  CN t o  a runoff parameter ( fo r  an example see f igure  5.6(a)) 
and approxima.t;i.ng the  var ia t ions  of CN. 

The CN of t ab l e  9.1 do not apply f o r  that portion of the  year when 
snowmelt contributes t o  runoff. The methods of chapter ll apply f o r  
m e l t  periods. 
i n  r e l a t ion  t o  land use and treatment. 

Runoff records from a nearby stream- 

Chapter 12 contains a discussion of snow o r  f reezing 

. .,. 
VARIATION OF RUNOFF DURING A STORM. The var ia t ion of runoff during 
the  progress of a storm is found by the method of the following ex- 
ample. This method is  a l s o  used f o r  design storms in chapter 21. 

Example LO.i’.--Estimate the  hourly pat tern of runoff f o r  a 
watershed having a CN of 80 and condition N-11 before a 
storm of 20 hours’ duration, using rainfall  amounts recorded 
a t  a r a i n  gage. 

1. Tabulate the accumulated r a in fa l l s  a t  t h e  accumulated 
times. Accumulated times a r e  shown i n  column 1, r a i n f a l l s  
i n  column 2, of tab le  10.3 

2. E s t i m a t e  the accumulated runoff a t  each accumulated time. 
IJse the  CN and the rainfalls of column 2 t o  estimate the 
runoffs by means of f igure  10.1. The runoffs a re  given i n  
column 3. 

3 .  Compute the  increments of runoff. The increments a re  the 
differences given i n  column 4. 
the  pat tern of runoff ( t he  plot t ing is  not given).  

Plot t ing these increments shows 
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Table 10.3.--Incremental runoffs for a storm of long duration 

AQ Accumulated Accumulated 
rainfall runoff 
(inches ) (inches) (inches) 

Time 

1:OO a.m. 

2:oo 

3:OO . 

4: 00 

5:OO 

6:oo 

7:OO 

8:oo 

9: 00 

1o:oo 

ll:oo 
12:OO noon 

1:OO p.m. 

2:oo 

3:OO 

4:oo 

5:OO 

6:oo 

7:OO 

8:oo 

g:oo 

0 

15 

*30 

.62 

1.01 

1.27 

1.36 

1.36 

1.38 

1.38 

1.55 

1.87 

2.25 

2.61 

2.66 

2.68 

3 -22 

4.17 

4.82 

4.93 

5 .OO 

0 

0 

0 

0 

.08 

.18 

.22 

.22 

23 

23 

- 32 
.48 

72 

97 

1 .oo 

1.01 

1.42 

2.18 

2.74 

2.83 

2.89 

0 

0 

0 

.08 

.10 

.04 

0 

.01 

0 

-09 

.16 

.24 

25 

-03 

.01 

.41 

76 

56 

-09 

.06 
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RUNOFF FROM URBAN AIiEAs. Whether a conversion of farmlands to ur- 
ban area causes larger amounts of storm runoff than before depends 
on the soil-cover complexes existing before and after the conver- 
sion; determination of the "beforel' and "after" CN is sufficient 
for a decision. 
rainfalls, gives a quantitative answ2r. Impervious surfaces or" an 
urban area cause runoff when the remainder of the area does not so 
that the method of examgle 10.4 is best used. 
may not contribute runoff in direct ratio to their proportion in 
the area as the following case illustrates. 

Figure 10.3 shows storm rainfall amounts plotted versus runoff 
amounts for Red Run, a fully urbanized watershed of 36.5 square 
miles' drainage area, near Royal Oak, Michigan. The data are from 
"Some Aspects of the Effect of Urban and Suburban Development upon 
Runoff" by S. W. Wiitla; open-file report, U.S. Geological Survey, 
Lansing, Michigan; August 1961. 
its area in impervious surfaces and presumably runoff amounts should 
never be less than those shown by the 25-percent line on the figure. 
But the data show that the surfaces are only about half effective 
i n  generating runoff. The report does not state why this deficiency 
occurs but does state that "Flood peaks on the urban basin were found 
to be about three times the magnitude of those for natural basins of 
comparable size ." 
therefore require as much use of the methods in chapters 16 and 17 
as of those in this chapter. 

A comparison of runoffs, using real or assumed 

But these surfaces 

This watershed has 25 percent of 

Determination of the effects of urbanization rnay 

APPLICATIONS TO RIVER BASINS OR OTHER LARGE AREA. The runoff - 
estimation method is not restricted to.use for small. watersheds. 
It applies equally well to river basins or other large areas pro- 
viding the geographical variations of storm rainfall and soil-cover 
complex are taken in to  account; this is best accomplished by work- 
ing with hydrologic units (chap. 6) of the basin. After runoff is 
estimated for each unit the average runoff at any river location is 
found by the area-runoff weighting method of example 10.4. 

INDEXES FOR MULTIPLE REGRESSION ANALYSES. 
a desirable index of watershed characteristics in a multiple re- 
gression analysis (chap. 18) because there is generdlly insufficient 
variation in the CN to provide a statistically significant result. 
The parameter S is the preferred index. It is used without change 
if it is an independent variable in a regression equation with the 
final form of: 

The parameter CN is not 

Y = a + b XI + c X2 ...... (10.14) 
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where Y i s  the dependent var iable;  a, b,  c, e tc .  are constants; and 
the  subscripted X'S a r e  the  independent variables'. 
form is  

But if the  f inal  

b c  Y = a X1 XB ..... (10.15) 

it i s  necessary t o  use (S + 1) instead of S t o  avoid the poss ib i l i t y  of 
division or  mult ipl icat ion by zero. The equation for  l a g  used t o  develop 
f igure 15-3 uses (S  + 1) f o r  t h i s  reason; otherwise the graph would give 
a l a g  of zero time f o r  811 impenrious surface (because S i s  zero when CN 
is 100) no matter how la rge  an area it. might be. 

ACCURACY. Major sources of e r r o r  i n  the  runoff-estimation method a r e  
the determinations of rainfall  and CN. Chapter 4 provides graphs f o r  
estimating the e r ro r s  i n  r a i n f a l l .  There i s  no comparable means of 
estimating the e r ro r s  i n  CN of ungaged watersheds; only comparisons 
of estimated and actual runoffs indicate  how w e l l  estimates of CN a r e  
being made. But comparisons f o r  gaged watersheds, though not  d i r e c t l y  
applicable t o  ungaged watersheds, are pseful as guides t o  judgment i n  
estimating CN and as sources of methodology for-reducing estimation 
e r rors .  

A comparison of storm totals i n  example 10.6 shows that estimated 
amounts are f a i r l y  c lose  t o  recorded amounts i n  7 out of 12 years, 
despi te  the use of a CN f o r  average land use and treatment. 
whole, t h i s  is acceptable estimation i n  view of the l imi ta t ion  on the  
CN. But the results are b e t t e r  i f  the  storm t o t a l s  are used as  da ta  
i n  a frequency analysis (chap. 18). 
columns 9 and U, table 10.2, arranged i n  order of magnitude i n  t h e i r  
respective groups, and p lo t ted  versus t h e i r  sample percent-chance 
values. Solid or.broken l i n e s  connecting the points i den t i fy  the 
groups. It is evident from the  p lo t t ing  that one frequency l i n e  serves 
iqual ly  well  f o r  e i t h e r  group. Thus the estimation e r rors ,  though 
large f o r  some estimates,  do not  preclude the construction of ax? ade- 
cuate frequency relat ionship.  The reason is tha t  the e r ro r s  a r e  ran-  
dom, being nei ther  a l l  plus o r  a l l  minus nor a11 confined t o  a p r t i c u -  
l a r  range of magnitudes. 

On the  

Figure lOk(a )  shows data  from 

The example of W - 1  a t  Wac0 demonstrates t h a t  estimation e r ro r s  should 
S e  kept random. One way of accomplishing t h i s  is  to  apply the CN f o r  
.UC -11 t o  a l l  storms i n  a s e r i e s .  A second example i l l u s t r a t e s  t h i s .  

Storm runoffs and rainfalls  f o r  Amicalola creek, Georgia, a r e  given 
i n  columns 5 and 6 of f igure  5.5. 
termined i n  example 5.4. 
zstimates of runoff ( ac tua l  runoffs a r e  shown f o r  comparison): 

The CN is 65 f o r  AMC-11 ,  as de- 
This CN and the r a in fa l l s  give the  following 
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Runoff (in.) Runoff (in.) 

Estimated Actual Estimated Actual 
. Year - Year - 

1.64 0 .& 1947 1.06 1.59 
2.15 1.40 1948 2.13 1.36 

1940 
1941 
1942 1.a 1.74 1949 2.06 1.85 
1943 1.22 1.65 1950 89 1.15 

91 1.16 1951 1.46 1-33 1944 
1945 .12 36 1952 93 
1946 1.9 2 *33 

2.01 

In a plotting of estimated versus actual runoff the scatter of 
points indicates a moderately low degree of correlation, but the 
scatter a lso  indicates that the errors are randomly distributed, 
which means that a reasonably good result on probability paper can 
be expected. Figure 10.4(b) substantiates this: again a single 
frequency line will do for either group. 
plottings signifies only that13 years of record on this watershed 
are insufficient for an adequate frequency line (chap. 18); discrep- 
ancies in the lower half of the plotting come from this insufficiency. 

Ln.practice the CN for an ungaged watershed cannot be estimated by 
means of runoff data, as the CN for Amicalola Creek was, but it c2n 
be estimated from watershed data at least as well as that for W - 1  
at Waco. 
especially if there are few complexes in a watershed or they differ 
little from each other or one of them dominates the area. But if 
there are many complexes of about equal area and in a wide range of 
CN, it is likely that misjudgment of several w i l l  not adversely af- 
fect the estimate of the average CN. 
Droperly identified and rainfall data that are adequate, runoff es- 
timates are made accurately enough for practical purposes. 

The curvature of the 

. 

It w i l l  take correct identification of soil-cover complexes, 

Using complexes that are 

* * * * 



. . .  6631 

. .  
. .  . . .  . . .  

m I- W uY 0 n 0- 

S3H3NI NI ( 0 )  3dONntl 133tlla 

Figure - 10.1 ( I  of 2)  

Preceding page blank 

10.21 



. I  , 

13.22 

Fiqure 10.1 I 2  o f  21 



u63l 
10.23 

. .  . . .  .. . .  

S.. m.1 h r  : 
a i s c u d n  d 

. .  
a01 L L  

0.1 (0 1 0 0  

VALUE OF s IN INCHES 

L 

Figure  10 .2 . - -Rela t ionship  of I and S. P l o t t e d  p o i n t s  
a r e  de r ived  from e x p e r i m e n h  watershed d a t a .  

-0 1 2 3 4 
STORM RAINFALL IN INCHES 

Figure  10.3. --Expected minimum runoff (dashed l i n e )  and a c t u a l  
runoff ( p l o t t e d  p o i n t s )  f o r  a n  urbanized  watershed .  
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Figure 10.4.--Comparisons of computed with 
ac.tual runoff on a frequency basis. 




