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ABSTRACT. An attempt is made to establish a relationship between rainfall and runoff. The basic input
data are (i) rainfall, (/i) run off and (iii) evapotranspiration. The moisture content prior to rainfall under consider-
ation and after the termination of rainfall is computed by water balance technique. [nis method is applied in small
agricultural catchments in Soil Conservation Research Farm at Ballary, Karnataka, which is categorised as semi-
arid zone of black soil region. The relationship between rainfall and runoff under different initial moisture
content and rainfall intensities are found out. Attempts are also mad: to get relationship bstwsen moisture
condition of the catchment after the end of rainfall and runoff with rainfall intensities as an additional factor.
The estimated runoff obtained from various equations are compared with the observed runoff. The rainfall-runoff
relationship with initial moisture content as third parameter gives encouraging results for esnrnation of runoff.

551.579.1

1. Introduction

The concept of runoff formation at the natural storage
may be governed by (/) amount of rainfall, (if) intensity
of rainfall and (/ii) available soil moisture at the begin-
ning of the rainfall. A simple water balance equation :

P—R—E =W+ 1)—Waox (1
where W, is the moisture storage at the beginning of
rainfall. W), ,+,) is the moisture storage at the termina-
tion of the rainfall. E,, P, R, are the observed evapotra-
spiration, rainfall and corresponding runoff, may be used
to express the rainfall-runoff relation. It may be pointed
out that Eqn. (1) holds good for one single portion of
the entirc watershed. The climatic, geographic, geologic
and other conditions lead to the complexity of runoff
formation from rainfall. Generally speaking, dry seasons
are mainly characterised by runoff formation in excess
of infiltration, whereis wet seasons are responsible for
runoff formation at the natural storage. The complexity
also arises in the case of moisture deficit if the aeration
zone is thin. At these places where the soil layer is
thick and the ground watertable is at considerable depth,
the aeration zone is thick. The non-uniform distribution
of moisture deficit in the aeration zone of a watershed

brings about the difference in the amount and beginning
time of runoff yield at different places during rainfall
(Anonymous 1977). But in our case we have taken a
single point small catchment in our research farm, where
it is assumed that the homogeneity will exist. Hence,
for-a particular watershed for a given flood, it is impera-
tive to acquire understafniding about the specnﬁc condi-
tions and make analysis accordingly in order to find out
the correct way to solve the problems.

. 4

2. Data used and area of study

From 1978 to 1981 daily £, and rainfall data from
meteorological observatory situated at the research
farm and daily runoff data from a small plot is obtained
and used as basic data for this study. The study area
considered is a small agricultural plot of jowar crop of
area 2250 m? in Central Soil & Water Conservation
Research & Training Institute’s Research Farm located
in semi-arid zone, Bellary in the State of Karnataka
(Anonymous 1982).
3. Methodology s

The computation of W, have begun after the gnd
of long spell of rainless period and then proceeded day
by day to obtain for all days in rainy season as per
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Fig. 1. Rainfall-runofl relationship with initial moisture and 15-min, maximum intensity as additional factor
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Fig. 2. Final moisture-runoff relationship with_max. 15-min, intensity as additional factor
equation : Waii -1 Wy —E, for rainless day
) g s where P,— 0 (3)
Wostr 1) Wy + P,- R.' E; (2) t
where, W,,, indicatesjthejmoisture storages at the begin-
ning of f,, day. P, is the rainfall amount on the r"' Wo, 1) = W =P, E, fornil runoffsituation = (4)

day. R, is the Tunoff amount generated from P,. E, is
watershed evapotranspiration on the r'h day.

Wy, 1) is considered moisture available after the
end of rainfall. To begin with all the right hand portion
assumed zero and then :

The value of W, ., and W, will be available for
every rainfall and runoff situation that has occurred in
September-November period. One sample calculation
is presented Sec. 4.
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TABLE 1
-Rainfall, runoff and other related components

TABLE 2
Observed and estimated runoff under different situations

Max. Rainfall Wi Waria

15min. evapo- (Initial (Final

Date Rainfall intensity transpi- moisture moisture Runoff*
(mm) (mm/hr) ration content) content} (mm)

(mm) (mm) (mm)

40.0 253 31.8 571 1.4

[T H
[

21 Sep 78 5

27Sep78  43.6 56.0 39.1 62.5 101.6 2.9
28Sep78  30.7 32.0 25.7 98.7 124.4 1.7
298ep78  22.4  30.0 17.4 122.7 140.1 1.1
30Sep78  75.3  55.2  69.8 139.0 208.8 38.9
8Sep79  32.6 59.6  30.1 7.0 37.1 1.4
23Sep79 348 244 3.8 443 761 0.8
28ep8l 66,6 33.6 641 23,1 87.2 16.5
4 Sep 81 30.0 28.0 28.6 67.7 96.3 6.0
11 Sep 81 30.6 51.6 296 79.0 108.6 7.7
12Sep 81  34.8  44.8 3.3 100.9 132.2 22.2
17Sep81  79.7 80,0  65.7 98.0 163.7 36.7
18Sep81  41.8 46.0 36.8 127.0 163.8 27.2
19 Sep 81 59.2  86.0 53.2 136.6 189.8 41.4
24 Sep 81 18.6 34.8 15.1 139.5 154.6 9.7
60ct8l 1052 72.0 952 127.5 2227 43.1
9 Oct 81 5.6 412 17.2 169.9 187.1 5.7
INov8l 51.6 74.0 51.5 133.9 1854 14.7

*Runoft data is obtained from this Centre’s Annual Report
1982 from an experiment conducted by U.S. Patnaik er al.

4. Sample calculations

As par daily rainfall record it is observed that on 23
July 1981 rainfali occurred was 3.3 mm and before
that there was a long spell of rainless period. For 1981
from 23 July we can start our calculation as follows
with assumption that initial moisture, Wy, = 0.0 :

Wosti+1) = P+Wo,—E, ‘ (5)

23 July 1981: Wy, 1) = 3.3+0—0.2=3.1
‘ (E/~0.2 mm observed)

s0 3.1 mm will be W, for next day, ie., 24 July.
24 July 1981 : Wy, 1=1.6-+3.1—1.8=2.9
_(rainfall=1.6 mm and £—1.8 mm observed).
$0 2.9 mm will be W), for next day, i.e., 25 July.
25July 1981 : Wy, (,21=0.0+2.9—1.7=1.7

(Norainfall and E=1.7 mm observed)
andsoon .
2Sep 1981 : Wi,y —66.6--23.1—2.5—87.2

where 66.6 mm & 2.5 mm are observed rainfall and
evapotranspiration and 23.1 mm is the initial moisture
carried over from earlier period to this date.

3 Sep 198I Wo(s+1y=0.4+-87.2—3.4—16.5

=67.7 mm

where 0.4 mm and 3.4 mm are observed rainfall and F,
and 16.5 mm runoff has occurred on 2 September.

5." Results and discussion

Day to day calculations for W, (initial moisture
content in mm) and Wy, ., (final moisture content

Y ¥, Y, ) i ¥, ¥
1.4 5.46  6.08 0.0 0.00 0.4
2.9 14.76 16.31 11.2 8.37 12.8
1.7 7.75 6.43 8.7 13.18 7.6
1.1 3.23 2.51 7.2 16.49 9.2

38.9 32,00 29.77 36.1  31.00 28.6
1.4 8.78 12.24 0.0 0.0 4.4
0.8 9.97 6.82 4.6  3.00 0.0

16.5 27.21 22.12 18.4  5.33 2.6
6.0 7.36 5.41 4.8 7.25 1.9
a7 7.69 9.94 6.4 9.85 12,3

2.2 . . 9.97 10.51 1.1 14.82 3.4

36.7 34,39 36.14  33.6 21.47 30.8

27.2 13.78  13.73 17.6  21.49 18.6

41.4 23.24  28.43 27.6  26.98 36.8
9.7 1.17 1.75 700 19.55 13.1

43.1 48.26 45.63 50.0 33.92 36.7
5.7 4.97 6.63 14.3  26.41 20.3
14.7 19.11 23,00 23.4 26.05 31.9

Remarks : Correlation coefficient between Y and Y, is 0.826

Yand Y, is 0.851, Y and ¥, is 0.895, Y and ¥, is
0.737 and Yand ¥, is0.822

Note : Y=0bserved runoff in mm and ¥, to ¥, is estimated
runoff from equations :

¥,=0.5438 X,—8.95 6)
Y,=0.429 X,+0.181 X,—12.53 W)
Y,=0.51 X,-+0.1142 X,—18.23 (8)
Y,=0.211 Z,—13.07 (9)
Y,=0.15 Z,-+0.36 X,—22.58 (10)

where X,=Rainfall in mm, X,=Maximum 15 minute intensityl in
mm/hr, X,=Intitial moisture content in mm Z,=Final
moisture content in mm and ¥, to ¥;=Runoff in mm

in mm) from the observed rainfall, evapotranspiration,
and runoff data are made. Table 1 shows all the runofl
causing rainfall events alongwith computed values of
maximum 15 min. intensity (fy;), initial moisture
content, W, and final moisture content, Wy, ).

A set of regression and multiple regression equations
have been developed for prediction of runoff from various
related parameters. The equations developed are shown
in Table 2. The equations are also represented graphically
in Figs. 1 & 2. Rainfall runoff relationship with initial
moisture content (mm) and maximum i5 min. intensity,
as an additional factor, are shown in Fig. 1. Runoff
obtained from various equations alongwith the observed
runoff are presented in Table 2, The correlation coeffi-
cients between observed and estimated runoff’ (obtained
from different equations) are also presented. The
differences of observed and estimated runoff values with
respect to 45° angle line arc shown in Fig. 3. Correla-
tion coefficient is noticed to be maximum (0.895)
for rainfall runoff relationship with initial - moisture
content as an additional factor [Eqn. (8) followed by
Eqns. (6) & (7)]. Final moisture content-runoff relation-
ship with maximum 15 minute intensity as an additional
factor [Eqn.(10)] gives better correlation coefficient than
Eqn. (9). It is observed from the analysis that in micro-
catchments (less than one hectare area), the average




o R. N. ADHIKART ef al.

60 ( ® i Q
- L]
40 -
..
i L]
E L ]
£ .
E L. .
" g
0
o " ; i " "
S ; A . "
S 20 40 60 0 20 40 60
FI OBSERVED RUNOFF (mm)
3 RUNOFF ESTIMATED FROM EQUATION
E 60 1Yy = 0-5“30!,-0‘95
E 2 \‘2’ 0"'291|’0-10|x2-|2-53
-
$ " 3 Yy = O-S'Fl'i- 0-|lh2x3' 18-23
b Y= 0-211Z, - 13-07
5 ¥g = 0.15Z,+ 0'35x2-22'58
20

0 20 40 60 0 20
OBSERVED RUNOFF (mm)

Fig. 3. Comparison of observed and estimated runoff using different equations with reference 1o 45 line for best fit

intensity for entire rainfall period for production of
runoff is less effective than high intense rainfall in small
periods (15 min maximum intensity). This term is
often used for estimating soil erodibility factor for
prediction of soil erosion and runoff. Since soil loss
data for every individual storm is not available for
this study, no attempt is made on prediction of soil
loss. It is also noticed that high antecedent moisture
content prior to rainfall under consideration is one of the
major tools for generating runoff from this type of soil.
If the soil dries and develops cracks, very high infiltra-
tion rate is recorded. Once the cracks are filled up and
top soil gets sufficiently wet, infiltration rate wil be
significantly reduced generating more and more runoft
from the catchment areas. A relation between moisture
status of the catchment after the termination of rainfall
(final moisture content) and runoff with various additional
factors is also attempted, but good correlation was
observed only for maximum 15 min intensity as an addi-
tional factor. The equation developed for rainfall
runoff rclationship and final moisture content runofl
relationship will hold good only for runoff’ producing
rainfall event. The same equations may be utilised
for other similar catchments with assumptions that
atleast 18 mm and 37 mm rainfall and final moisture
content is required to produce runoff.

6. Utility of the model

(/) To identify the extent of runoff from every storm,

hydrology based model is useful. The hydrological
models are among the most sophisticated tools available
lor the analyzing water resource issues. The information
so collected from one catchment will help to serve in
generating data, basic input to all future plans in similar
agroclimatic regions.

(ii) In arid and semi-arid zones. where water harvesting
techniques can be applied to use surface runoff for agricul-
tural production. The rainfall runoff modelling can be
used to know the potential of runoff from agricultural
watersheds and small farm catchments for designing
water harvesting systems.

Acknowledgenments

The authors are grateful to Dr. V.V. Dhruvanarayna,
Director. Central Soil & Water Conervation Research &
Training Institute, Dehradun, for his keen interest in
hydrological studies. The help rendered by Dr. Rama
Mohan Rao. Officer Incharge of this centre is also
acknowledged.

References

Anonymous, 1977, Flood forecasting mwhqd for humid regions of
China, East China. College of Hydraulic Fngineering, Mens-
sing, China.

Anonymous, 1982, Annual Report, Central Soil & Water Conserva-
lion Research & Training Institute, Research Centre, Bellary.




