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Rainfall intensity-duration-return period equations and nomographs for

Tamil Nadu

RAM BABU, B.L., DHYANI, NIRMAL KUMAR AND ROOPAK TANDON
‘Central Soil & Water Conservation Research & Training Institute, Dehradun 248195, India

Abstract : Rainfall intensity-duration-return period equations and nomographs for various stations arc
required for designing soil conservation and runoff disposal structures and also for planning flood control
projects. Such relationships and nomographs for the state of Tamil Nadu were developed during 1978 for
few stations namely Madras (Chennai), Tiruchirapalli and Kodaikanal. Presently, long period selfrecording
rainfall data for 18 stations of Tamil Nadu State have been obtained from Indian Meteorological Department,
Pune. Based on the data, the intensity-duration-return period equations and nomographs for all the 18
stations have been developed and discussed along with the general equation and nomograph for the State of
Tamil Nadu. (Key Words: Rainfall intensity, Return period, Recurrrence interval, Nomograph, Run-off

disposal)

Rainfall is one of the most important factors
esponsible for soil erosion. The characteristics of
ain storm amount, its intensity and duration play an

portant role in determining the rate of soil erosion.
iGreater is the intensity, greater is the kinetic energy.
"The kinetic energy of rainfall dislodges soil particles
.and splashes them in suspension in runoff. Among
‘other factors, the amount of runoff is determined by
‘rainfall intensity, duration and amount. A rainfall of
'longer duration reduces the infiltration capacity of soil.
'As a result a long duration rainstorm produces
‘considerable runoff regardless of its intensity. The
capacity of a runoff conveyance system is usually
based on a certain depth of rainfall to be expected
during a selected period of time. Farm terraces,
‘culverts, bridges and flood control structures are thus
“designed.

The significance of rainfall intensity, duration
and frequency analysis is also important from
gconomic considerations. An over designed structure
involves excessive cost while under - designed
structure would be unsafe and also involves high
recurrence expenditure on maintenance and
replacement, etc. An intermediate design would
_provide a structure with reasonable initial and
maintennce costs.

Information on rainfall intensity-duration-
return period equations and nomographs are
impressively required for design of soil conservation
and also rurioff disposal structures and for planning

‘flood control projects. Such relationships and
nomographs have been developed only for some
stations (Gupta et al, 1968; Raghunath ef al, 1969,

- Khullar et al, 1975 ; Senapati et al, 1976; and Ram Babu

et al, 1980). No attempts have been made in the past
to develop such a tool for a State as a whole.

In the present study, based on observed data
of 18 representative stations, the intensity-duration-
return period equations and nomographs for individual
stations as well as one general equation and
nomograph for the State of Tamil Nadu have been
developed.

Materials and Methods

To derive prediction equations for
intensitydurati frequency and for development of
nomographs, the continuous recorded rainfall data for
|8 stations situated in the State of Tamil Nadu were
obtained from Indian Meteorological Department,
Pune. Due to the non-availability of data for long
period for all the stations under study, more than 15
years records for 14 stations and 10-12 years data for
four stations (1974 to 1995) have been used. The
locations of these stations are shown in Fig.1. The
data for all the stations were tested for reliability using
the procedure of Ogrosky and Mockus (1957) and it
was observed that the length of record for all the
stations were adequate and hence could be used for
frequency analysis.

Analytical Procedure

Various formulae had been used for connecting the
three parameters - rainfall intensity, duration and retum
period {Schwab er al (1955), Linsley er al (1949),
Skurlow (1960), Nemec (1973), Gupta ef al (1968),
Raghunath er al (1969), Khullar er af (1975), Senapati
et al (1976) and Ram Babu et af (1980);. Formulzis of
the general form and given here under:
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where, 1= intensity of rainfall (cm/hr), T = retum period
(years, 1 = duration (hours); K, a, b and d are the
constants.

Equation (1) was used lor developing
intensity-duration-frequency relationships. Looking
into its simplicity in use and quickness, the
nomographs were developed for field workers. The
detailed methodology [or developing intensity
duration-return period equations and nomographs has
been dealt by Ram Babu et a/ (1980).

Method of Frequency Analysis and Development of
Srequency Lines

Various methods had been proposed for frequency
analysis and there are several theoretical
interpretations or reasoning for the preference of one
method over the other (Chow, 1964). Mathematical or
graphical methods are generally used for frequency
analysis, When the records are of short in duration,
the sampling error would be large. A regid
mathematical treatment needed data for more than 30
years (Dalrymple, 1960). The present data used for
analysis are of short period of about 15 years, graphical
methods have been employed. Gumbel extreme value
technique was applied for computation of return period
values and the frequency lines were plotted after
computing the plotted points by ‘computed methods’
as suggested by Ogrosky and Mockus (1957).
Frequency lines for 15 minutes, 30 minutes, one hour,
3 hours, 6 hours, 12 hours and 24 hours intensity were
developed for Vellore and plotted on log-normal

probability papr (Fig .2).

Deriving Equation for Intensity-Duration-Return
Period

The intensity-duration-return period equation,
(equation 1) can be expressed by taking logarithms on
both sides as :

logI=log K+ log T-dlog (e+b) =-=emereseeev (2)
or logI=log K, -dlog(t+h) e ——(3)
where, logK +logK+alogT —————(4)

In order to evaluate the co-efficients, a, b, d
and K, the following steps were undertaken:

Stepl: On log-log paper the values of rainfall intensity
for each individual duration were plotted on the
Y-axisand return period (or recurrence interval) in years
on X-axis (Fig.3). Points were connected for each
duration by dotted line giving more weight to the
points from 10 year to 100 year return periods and
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extended the dotted line to cut out the Yeaxis against
year return period.

Step Il The intensity values, | at different values o
t equal to-2, 5, 10, 25, 50 and 100 years recurrenc
intervals for each duration werc read from Fig. 3. The!
mathematical relationship between T and various |-
values of I could be given by

Logl=mlogT+C —-(5)

where, ], = maximum intensity for duration 1, T =,
recurrence interval, m = frequency factor for each lin!’
(i.e., slope of the frequency line) and C = intercept or'
Y-axis at T+ . These interval equations define the
intensity-frequency relationship for any selectec
duration.

Step II: The slope (m) of eq. (g) for each duration wa'
determined and then its geometric mean (m) was
computed. The slope of line (m) represents the
exponent ‘a’ in equation (1). The geometric mean sloni|
m thus determined represented actually T in equatici b
(1).

Step IV: A line representing geometric mean slope (0 '}
was drawn (Fig.3) at the base through origin; sol |
lines parallel 1o this mean slope were drawn to ha- t
the lines as close as possisble to points between 10 .t
100 years periods extending them to cut the Y-axis|
Rainfall intensities against one-year return period for,
all selected duration were then read on Y-axis. !

Step V: Intensity for one-year recurrence interval was’
plotted on the Y-axis with selected duration (t) on¢,
the X-axis on log-log paper (Fig.4). Since the poinis
so plotted did not {all on a straight line, a suitable:
constant was added (b) to time *t". Thus, the equation;

- become:

I=K/(t+b)" 6 !

It was done by trial and error method in such'a wzw!
that the deviatiions were minimum (Fig .4).

Step VI: The equation (3) written in its logarithmic
formis:

log T=1log K - d log (t+h) (T}
or logl-logkK+dlog (rH)=0 ——uo®)
The constants K and d in equation (8) were then solved
by the method of least squares. They can also be
obtained by solving the equation (9) and (10).
Tlog LE [log (1#b)F -[(log I. log {t+b)].Elog (45)_cg)
NE [log (rtb)]' - [Z kig (t+b))*

& Zlog 1. Zlog (H+b) - NZ[log 1. .
andd= log (r+b)] NEflog (t+h)} - [Zlog (t+b)]} (10)

log K=




Rainfall imensity-duration-return period equations and nomographs for Tamil Nadu

Thus all the parameters ‘a’ (step I11), b’ (step V) and
*k" & “d’ (step V1) became known for equation (1).

S'fep. VII: At this slage, frquency factor T* obtained in
step 111 above was included to arrive the intensity-
duration-frequency or retun period formula.

[=eee-Ta  11)

Development of Nomograph

A nomograph is an alignment chart consisting of a set
of parallel scales, which are suitably graduated. In the
present study, there were only three variables and thus
the alignment chart had three parallel scales so
graduated that a line which joins values on two scales
will intersect the third scale at a value which satisfies
the given equation. In order to design alignment
charts the following was used.

F)+£0)= 60, gy (12)

The graduatmn of scales, which are marked with the
values of the variable and on which the distances to
the graduations are laid off the proportion to the
mrrespﬁndm g values of the function of the variables,
 and the determination of spacing of the parallel scale.

The scale equation for determining functional modulus
(m), commonly defined as a proportionality multiplier
used to bring a range of values of particular function
with a selected length for a scale, which is given as:

m=L/{f{u,)- f(u,)} (13)

where, m=calculated functional modulus, L=length of
the scale chosen, f(u,) and f(u,) = lower and upper
limit respectively of the function.

The unknown functional modulus m  was calculated
by

mw=m_m /(m -m ) (14)
where, m_and m, were the calculated functionla moduli

Scale spacing ratio=m_/m,_ was determined
with the help of the equation (1 l] The limiting values
of intensity were determined on the basis of conditions
laid downontand T.

Results and Discussion
Mathematical Equations

Following the procedure as discussed earlier, the
intensity-duration-frequency relationships for 18
stations of Tamil Nadu were developed and are
presented in Tablel. The prescision of these
equations could be recognized only after -.a:rlfyum the
reliability of anyone of the station equation. For this
purpose, the equation was applied to Vellore station.
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The maximum per cent deviation between the rainfall
intensity values obtained from developed equation (]
=7.9848T%12% / (1+0.50)"1%7) and the observed values
obtained from frequency lines from primary data (i.c.
probability chart) for various duration and 10, 25 and
50 years frequency ranged from -10.6 to +6.1 per cent
(Tabale-2) while for Tamil Nadu State as a whole it
ranged from -11.6 to +7.3 per cent, on the basis of
general equation developed for the State (I =
7.9328 7081 [ (140.75)" ") from the 18 stations. This
deviation was quite low. Notwithstanding the inherent
weakness of an average equation, the developed
equation seems to be reliable and may be used with
confidence.

From the equations of individual station, the intensity
for any desired duration and frequency (or return
period, or recurrence interval) can be determined for
that location and the general equation may be used
for any location falling in the State.

Nomograph

On the basis of intensity-duration-frequency
relationships developed for 18 stations located in Tamil
Nadu (Table1), nomographs were prepared for all these
stations. A nomograpah of Vellore station is shown in
Fig 5. From this nomograph, the rainfall intensity for
any desired duration between 10 to 100 year frequency
(or return period) could be directly read for a particular
location. Generalnomogrph for the State of Tamil Nadu
(Fig .6) was also developed which may be used in
determining intensity for any duration and recurrence
internal for any location falling in the State,

Comparison of Mathematical and Nomographic
Solutions

Per cent deviation of rainfall intensity observed from
nomograph and those calculated from corresponding
mathematical equation of Vellore and the State of Tamil
Nadu for various duration and 10, 25 and 50 years
frequencies showed that maximum deviation between
nomographe solutions and mathematical equations (i.e.
g, )ranges from -11.6 to+7.6 and -13.1 to +8.2 per
cent respectively.

The deviations for other 17 stations were also still
less.

On comparing the rainfall intensity at various duration
and frequencies obtained from the developed
equations and observed values obtained from the
probability charts. It is observed that the maximum
deviation ranges from -24.0 to 20.3 per cemt for
Cuddalore. Thus, in general, the variations lie around
the acceptable limit (£20%). On further scrutiny, it is
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ohserved that the nomographic solutions are more
precise for predicting rainfall intensity of various
duration and frequencies. Looking into simplicity in
use, quickness and precision in results obtained,
nomographs appear to be the most handy tool for ficld
workers.

When the rainfall intensity of 15, 30 minutes, one hour
and 3 hours duration for 10, 25 and 50 years frequency
abtained for the Tomil Nadu State equation and
comparing with individual stations. it appears in
seneral, that the per cent deviations of calculated and
nomographic intensities of individual station with
respeet to State, occurs between 25 per cent for all
the locations except Coimbtore and Tirupatiur. This
indicates the limitation of the State equation. It is,
therefore, suggested that the State equation is best
stited for locations where intermediate intensity rainfal
is received which is always true for any equation or
nomograph developed for a State ora region.

Conclusions

Rainfall intensity-duration-frequency relationship and
nomozraphs were developed for 18 stations of Tamil
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Nadu and Statc as a wholc. These cquations and
nomographic solution are quite reliable due to their
closencss among obscrved;, calculated and
nomographic values. Nomograph is a handy toa| due
to its simplicity, quickness and preciséness for
predicting intensity for desired duration and return
period.
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Tablel : Intensity-Duration-Remn period relationships of various stations in Tamil Nadu

Sration Equation ‘Station Equation
Coimbatore [= 106l T Cuddalore I= SASTO TS
(075 (1-0.70) =%
T ‘ 3807 TONKE e £y TR
NalkIakurchi 1= .f‘_"_-i_t_f. Nodaikanal [= G6652TE
(0=0.80)= (1+0.90)
Noviipait I= JL13§TTH™ Kanvakumari 1= 63377
(t=1.300 e (=100
Karur i= 90002 T Tirupatiur =  63320T
(E1LO0Y = (=060
Madurai 1= T.0183 O™ \finambaklam 1= 1367470
(050Y (£=1.00)
Nagapatinam 1= 10470 T ™ Nungambakkam 1= 0888 T¢°C
(53 UrA) SR OO
Palani J= ZO8TTHT Pampan = SIS
“ '-'\‘.70}: B (!.{\‘N\\T?FZ‘
Sk = QA28 TERM Tirechirepaili 1= oSy
LR UNRS Lk LLI0N
Tusicorin 1= TR TN ‘el i= TRDRT
oS e R
General: 2 _ (USLER
. N ('\”::Q? T.; e
Tamil Nadu State 1= (! RN Saced

1= intensity (e hrY, T rewern period (vear): and t = duration (hour)}
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Table-2 : Comparison among calculated, nomographic and observed intensities of rainfall (cm/hr) and their
present deviation. .

Duration Ly b i L ]

o

1 RO
Mins;hts Frequency (years)  Frequency (years)  Frequency (years).  Frequency (years) Frequency (years)
' 0 25 5% 10 23 N 10 23 % 10 25 % W0 25 5

Station : Vellore

15mins. 1472 1655 1808 1450 1700 1800 1500 1680 1800 -19 -15 04 33 12 00
0mins. - 1071 1204 1315 1050 1200 1300 1100 1220 1300 26 -13 12 45 -16 00
Lhr. 634 769 840 680 760 850 760 860 940 -100 -106 -106-10.5 -11.6 96
3hrs. 268 301 329 270 300 330 270 290 310 07 38 61 00 34 6.5
6 hrs 135 152 166 130 150 170 135 150 158 00 13 51 37 00 76
General : Tamil Nadu State '

15mins, 1204 1421 1611 1200 1410 1620 1259 1477 1636 <44 -38 -15 47 <45 -10
30mins. 948 - 1119 1269 950 1120 1280 941 1082 118 07 34 73 10 35 82
1hr. 661 780 B85 650 790 900 748 873 961 -116 -107 -79 -131 95 63
3 hirs. 292 345 391 2290 350 39 303 340 367 36 15 65 43 29 63
Ghrs. - 156 184 208 160 130 210 160 18 205 25 -L1 15 00 -32 24

i = Calculated intensity ofg rainfall (cm/hr) from developed equation;

eal
L Observed intensity of rainfall (cm/hr) from nomographs of the particular station;
fg Observed intensity of rainfall (cm/hr) from the frequency lines from primary data; and
g, = Percentdeviation of observed valus from the frequency lines to those calculated with the developed
equation.
., = Percentdeviation of nomographic values from those calculated with the developed equation
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Fig 1 : Map Showing locations of recording Fig 2 : Frequency distribution of rainfann
rain-guage stations in Tamil Nadu - intensities for various duration - Vellore
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Fig. 5. Nomograph for solving intensity-duration-return period (or recurrence interval)
equation — Vellore.
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Fig. 6. Nomograph for solving intensity-duration-return period (or recurrence interval)
equation — Tamil Nadu.
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Effect of ferrogypsum on yield, nutrient uptake and quality in groundnut

R. JAGADEESWARAN, V. MURUGAPPAN and P. SINGARAM _
Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agrl. University, Coimbatore 641 003, Tamil Nadu

Abstract : The present investigation was undertaken to study the efficacy of ferrogypsum on yield,
quality and nutrient uptake in groundnut, Ferrogypsum is a byproduct from the titanium industry and it
contains gypsum (52.63%) and iron (10.24% as Fe,0,). Field experiment was conducted on a calcareous
red soil with groundnut to evaluate the efficacy of ferrogypsum in comparison with gypsum + FeSO, (as
soil application and foliar spray). The results revealed that application of ferrogypsum in amounts
equivalent to recommended dose (400 kg/ha) of gypsum significantly increased the pod and haulm yield,
quality, nutrient content and uptake in groundnut. This beneficial effect was similar to those obtained with
the application of gypsum + FeSO, (FeS04 as either soil applicztion of foliar spray). Thus the results of
the present study indicated that ferrogypsum was as effective as gypsum in increasing pod, haulm yield
and oil and protein content and nutrient uptake in groundnut crop grown on a calcareous soil.-
(Key words : ferrogypsum, Iron nutrition, Sulphur source) '

Groundnut is one of the most important oil seed
crops grown in India. It accounts for about 50% of
the 13 m t annual oil seed production in the country.
But at present, it's average productivity is only 1,155
kg ha'* against the potential of 3000 kg ha". Higher

‘yield of groundnut was contributed by optimum

nutrient composition and it’s uptake from soil. Among
the different constraints in groundnut production, lime
induced iron chloresis is the major one especially in
calcareous soils where HCO, ions hinder the uptake
and translocation of Fe in the plant (Patel et al,, 1993),
This lime induced iron chlorosis can be managed by



