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NSE: Nash-Sutcliffe model, PBias: Percent Bias model, R2: Coefficient of determination, RSR: Ratio of root
mean square error (RMSE) to the standard deviation of the measured data.
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Deriving the rainfall intensity and designing its curves using the daily maximum
rainfall in the Hail region, Saudi Arabia
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(sshamar@hotmail.com)

Abstract:

Intensity-Duration-Frequency curves are usually designed from actual rain
intensity data recorded in the weather and rain stations. The records of this data contain the
rainfall amounts and the duration of the rainstorm. The frequency analysis of the rain
intensity is carried out to identify their return periods by using the outputs of the probability
distribution models. The most common probability distribution models used in deriving
rainfall intensity are the Normal probability distribution, the Log Normal probability
distribution, the Extreme Value probability distribution - type 1- and the Exponential
probability distribution.

So, in the lack or the absence the actual rain intensity in the rain stations of Hail
area, this study seeks to derive the mathematical coefficients of the rain intensity model
using the maximum daily rainfall data for a period of 42 years (1976-2017). In the studied
rain stations of An Nuqrah, Ha’il, Uqglat Bin Jibrin, Al Ghazalah, and Al Uzaym, the
intensity-duration-frequency curves are designed by the application of the mentioned
probability distributions for the durations of 10, 20, 30 minutes and 1, 2, 3, 6, 12 hours and
the return periods of 5, 10, 25, 50 and 100 years.

The results of the goodness of Fit of the studied probability distributions showed
that the best probability distribution for deriving rain intensity from the maximum daily
rainfall data is the exponential probability distribution model. The Chi-square values were
equivalent to 7.189 at Uglat Binn Jibrin, 7.985 at Al-Ghazalah and 8.426 At Ha’il stations at
the degree of freedom 2. At the degree of freedom 3, the Chi-square values were equivalent
to 11.965 at An-Nugrah and 13.267 at Al-Uzaym stations. The exponential model efficiency
has been calibrated by applying four statistical tests (NSE, R2, PBias, RSR). The results of
the calibration showed the good estimation of the rain intensity for the different return.

The results of this study reached to formulate the exponential probability
distribution model using the values of the statistical parameters a, b and c, required to
estimate the rain intensity (IT) available to the duration (td) and the return period (Tr) in
every rain station. The major benefit of this study is the methodological steps presented to
derive the intensity of rain from the maximum daily of rain in the absence of actual data for
the rain intensity, such as in many rain stations of Saudi Arabia.

Key-Words:

Rain intensity, Intensity-Duration-Frequency curves, Normal probability distribution model,
EV1 probability distribution model, Log Normal probability distribution model,
Exponential probability distribution model, Hail, Saudi Arabia.
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