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SYNTHESIS OF RAINFALL INTENSITY-FREQUENCY REGIME OF IRAN1

A.R. Sepaskhah and E. Malek2

ABSTRACT

The recording raingauge data for two yr at the Bajgah valley (29° 32° N,
527, 35” E, altitude 1810x) at Fars province of Iran were analyzed and the
intensity-duration-frequency relationships were constructed. The ratios
of D-duration to one-hr rainfall depths over a range of 2 to 100 yr of
return pericds were found to be fairly constant, These constants were
similar to those of the other regions of the world. A constant value of
3.76 was found for the ratio of the max. 24-hr rainfall depth to one-hr
rainfall at different frequencies up to 100 yr. This ratio could be used
in synthesizing the high rainfall intensity-duration-frequency relation-
ships for the areas where no rainfall data from recording raingauge are
available.

Q]J_._J B3 Las o Ligas

Fraq1ey (1Y5Y)

= OI)EJJJGSMJQQ,M,QM_OA&GBL‘;MM
Sl Jore Law g0 1 gin L Lo 0 Ls

slmne Baslar g s laSeasaslo v o, LoT e, Lao lags Ll s sy

r—,

aigEo ¥y ses,s Y 2l e p,e el e S, Loasallugs gle g eSe; las ]
o el me,s b b s (e YA1e g lis, lpadads vhee )0 oy = Ll pae Jsby
sl s Toass jSaus o Tos (Sas, Loy buoycae —wad gl covegens Jolasy
Lo v s bos glea,gooane LSy 1, L lade o cad o saglimas o ol L, laks
e blas s gb bl LGadhae o lhsalolaalaslgen, e s GNWJ}.};._A.JLT H!o
ladagansble YE ol L lake aSTas o ((¥/YF ) o Lo iimen, cuolasals
2 G cwleas Jela ol se o Ly joadle oo i ¥ slmy las o ane LS 1, L
el S, Lo lisymas —was iSlas gl o poeds gl o lpme |, wy Loas

o co,, ansneas gaSeplan e LML gl lsaS 151 b L

1. Contribution from the Department of Irrigation, College of Agricul-
ture, Shiraz University, Shiraz, Iran. Paper No. K-558-64, Received 19
June 1985,

2. Professor and Associate Professor, respectively.



100

INTRODUCTION

Flood estimation is essential in many agricultural and engi-
neering waterworks such as soil conservation, drainage and
reservoir spillways. Rainfall intensity as a function of
duration and return period is important when the design flood
must be estimated. Considerable attention has been paid to
this subject throughout the world and many empirical rainfall
intensity formulae have been derived from recording raingauge
data. These formulae usually show ralations between intensi-
ty-duration-frequency of rainfall. The universal results of
such investigations showed that the ratios of the T-yr to 10-
yr rainfall depths for a range of durations up to 2 hr are
fairly constant for all return periods T up to 100 yr (3, 4).
These results also indicated that the ratios of D-duration to
1-hr rainfall depths are similarly constant over a range of
T-yr of return periods. Therefore the derived mean ratios
might be used to estimate the rainfall intensities corres-
ponding with any duration up to 2 hr for return periods up
to 100 yr for design in regions where no-data of intensity-
duration-frequency are available (3).

At present time, scarce data of intensity-duration-frequency
are available in Iran. The aim of this paper was to examine
ways of utilizing such limited data, particularly to estimate
intensity-duration-frequency relationships for points without
recording raingauges. Therefore, the recording raingauge data
for 2 yr at the Bajgah valley at Fars province of Iran were
analyzed and the intensity-duration-frequency relationships
were constructed. Furthermore, the possible use of max. 24-
hr rainfall for synfhesizing rainfall intensity-duration-

frequency relationships was examined.

MATERIALS AND METHODS

The data of a recording raingauge (TB-175 tilting raingauge,
and QAC-1275 rain recorder, Stevens Instruments Co.) for 2
yr (1980-81, 1981-82) were analyzed. This recording raingauge



was situated in an agro-meteorological field station at the
Bajgah valley (29°, 32" N, 52°, 35" E, altitude 1810 m),
Fars province of Iran. The characteristics of the field
station and other climatic information of the area were
reported elsewhere (5). The analysis of data for rainfall
intensity-duration-frequency was carried out according to
the depth-duration procedure described by Jones et al. (4)
with the exception that instead of max. intensity of rain-
fall all data of intensities were used in the analysis.
Other data for Mehrabad and Saadabad have also been ana-
lyzed.

RESULTS AND DISCUSSION

The results of depth-duration analysis for rainfall inten-
sity-duration-frequency are shown in Fig. 1. The analysis
was carried out for the durations of 5-120 min and the
frequencies of 2-100 yr. The slope of the rainfall inten-
sity-duration relationship at any given frequency was
somewhat different (-0.44 to -0.50). The average value of
ihe slope over different frequencies was -0.48 for Bajgah.

The average values of this slope for Mehrabad (Tehran, 35°,
41" N, 51°, 197 E, altitude 1191 m) and Saadabad (Tehran, 35°,
50" N, 51°, 25° E; altitude 1700 m) stations were reported to

be -0.83 and -0.75, respectively (6). Similar results to those

of Bajgah have been reported for other regions of the world
(1).

The ratio of the rainfall depths at duration of 5, 15, 30
and 120 min (PD) to that of 60 min (PGOJ over the frequen-
cies of 2 to 100 yr was calculated and resulted means and
standard deviations, are shown in Table 1. These ratios
were found to be fairly constant and are similar to those
reported for the Australia (3), U.S.A. and Saudi Arabia (4)
(Table 1).

The max. 24-hr rainfall for the periods of 1957-70 and
1965-76 at stations of Mehrabad and Saadabad (2), respectively,
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Rainfall intensity duration-frequency relationships of Bajgah valley.



Table 1. Comparison of PD/P60 of Bajgah with other regions of the world.

t . & ; NS e T
Duration U.S.A. Australia Saudi Arabia Bajgah World
min . average
Mean Mean Mean Mean

5 0.29 + 0.03§ 0.30 £ 0.04 0.29 £ 0.03 0.29 + 0.02 0.29

15 0.57 £+ 0.04 0.57 + 0.04 0.56 = 0.04 0.60 * 0.02 0.57

30 0.79 + 0.04 0.78 £ 0.03 0.78 + 0.07 0.83 + 0.01 0.78

120 1.25 + 0.08 1.24 *+ 0.06 1.20 * 0.17 1.48 + 0.07 1.23

fRefanmmﬂ (4)
*Reference (3)
§Standard deviation

were analyzed for the frequencies of 10 to 100 yr by using the
annual max. series on data. Furthermore, the 24-hr rainfall
data for the periods of 1980-81 and 1981-82 at the Bajgah sta-
iion were analyzed for the frequencies of 2 to 100 yr by using
the partial duration series on data. Because of the great
uncertainty associated with a 1l00-yr return period value
derived from 2-yr data, the ratio of the 24-hr rainfall
(max. 24 hr for Mehrabad and Saadabad) to the 60-min rain-
fall at different frequencies was calculated (Table 2).
The 60-min rainfalls for different frequencies at Mehrabad
and Saadabad stations were reported by Mohsseneian (6).
These ratios were fairly constant (3.63 to 3.88, average
of 3.76). Therefore, in regions of Iran where no data of
rainfall intensity-duration-frequency are available a constant
value of the ratio may be used to estimate a reasonable inten-
sity-duration-frequency relationships. The procedure of esti-
mation is shown in the following example.

Example: The max. 24-hr rainfall data of 1967-83 for Bajgah
station were analyzed and found to be 40, 56, 62, 72, 80 and
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Table 2. The ratio of max. 24-hr rainfall of Mehrabad and Saadabad and
24-hr rainfall of Bajgah to 60-min rainfall at the different

frequencies.
Max. 24-hr to 60~min rainfall 24-hr to 60-min rainfall
Return
period
yr Mehrabad Saadabad Bajgah

- - 3.64

- - 3.68

10 3.82 4.19 3.58

25 3.82 3.85 3.73

50 3.67 3.87 3.59

100 3.76 3.60 3.54

Mean 3.77 + 0-07+ 3.88 t 0.24 3.63 + 0.07

+Standard deviation

87 mm at frequencies of 2, 5, lo, 25, 50 and 100 yr, respec-
tively. By dividing the above mentioned max. 24-hr rainfall
by the average ratio of the max. 24-hr rainfall to 60-min
rainfall (3.76), the max. 60-min rainfall at different fre-
quencies will be found (Table 3). Multiplying the max. 60-
min rainfall at different frequencies by the world averages
of the ratio of PD/PGO at different durations (Table 1) will
result in the max. depths of rainfall at the different dura-
tions and frequencies. The results could be converted to the
max. intensity of rainfall,nunhr_% which are shown in Table
3.

A generalized equation for synthesis of high intensity-
duration-frequency has been proposed by Bell (3) as follows:

P; = (0.21 In T + 0.52) (0.54t0-25 pig

where P; is the rainfall depth at t duration, min, T is the frequency,

- 0.5)

yr, and Pig is the rainfall depth at 60-min duration and



Table 3. Estimated max. rainfall intensity-duration-frequency data for

Bajgah.
Dot Return period, yr
min 2 5 10 25 50 100
_

5 37.03 51.82 57.39 66.64 74.05 80.53
15 24.26 33.95 37.60 43.66 = 48.52 52.76
30 16.60 23.23 25,72 30.87 33.20 36.10
60 10.64 14.89 16.49 19.15 21.28 23.14
120 6.54 9.16 10.14 11.78 13.09 14.23

60
10
area is required in this synthesis. A simple relationship

10-yr frequency. A reasonable estimate of P value for an
between mean annual rainfall and 1l0-yr 1- hr rainfall for
Saudi Arabia has been presented by Jones et al. (4) in Fig.
2. This figure shows an increase in 10-yr 1-hr values
with increase in the mean annual rainfall. Such relation-
ships are relatively easy to obtain but much less easy to
verify since the depth-intensity relationships are virtually
independent of mean annual rainfall. Similar relationship
for three stations of Iran (Mehrabad, Saadabad and Bajgah)

is presented in Fig. 2. Since the frequency of storms is
greater in high rainfall areas, it follows that the average
max. D-duration rainfall ‘depth in any yr with higher rain-
fall would also be higher. The relationship between 10-yr
1-hr rainfall and mean annual rainfall in Iran has been
resulted from a few data points and should not be generalized
at present. However, when comparing locations in Iran with
those with similar rainfall in Saudi Arabia, it is found that
thel0-yr 1-hr rainfall in Iran is smaller than in Saudi

Arabia (Fig. 2). This might be due to the difference in the

105



10- YR ONE -HR RAINFALL - mm( sayoi ARABIA )

‘uei] pue BTQEIY-FPNES I0F TTRIJUTBRI TENUUE PUR T[BIUTEI Iy-] I4-0] uesamiaq dLysuoTIeTaY

 00S

ww -7y dNIVY TYANNY

007 0o¢ ooz 00} 0
0 T I I 0
ogf- T
kb -0
o7k Nvar = ——
> 7 (€ 39N3¥343¥) V|G VHY 1ONVS
I 4 &

*7 "%

W w-T11VANIVY 3H -3NO dA-0L NV

106



type of rain producing storm fronts affecting the two countries.
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