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ABSTRACT

This paper explores the data from more than twenty rainfall recording gages to develop Intensity
Duration Frequency (IDF) relationships in the north-eastern part of Algeria. Using non
parametric tests, a primary screening of rainfall data has been carried out to check that the annual
time series variates are random, homogeneous and doen not contain any outlier. Severe storm
intensities are calculated for various recurrence intervals using the General Extreme Value
(GEV) probability distribution law. A three parameter geometric model that relates intensity to
duration and return period, with highly significant correlation, is developed for each rainfall
station. Such models, that describe the rainfall characteristics are useful tools in water structures
design and rainfall-runoff modelling. They readily give the expected rainfall intensity of a given
duration of storm having desired frequency of occurrence.
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1. Introduction

Urban and rural storm water management and engineering infrastructures designed to withstand
floods generated by severe storm events are practically based on the concept of rainfall Intensity-
Duration-Frequency (IDF) curves. Worldwide studies on the rainfall IDF relationships have
received much attention in past decades and continue to challenge hydrologists as they are
affected by climate change [1]- [11]. Furthermore, IDF curves are still in use today by water
resources engineers as they can be readily applied to estimate the design runoff in water related
projects. This work presents a straightforward method to develop IDF models using extreme
rainfall rate data of twenty four available rainfall recording gauges that spread over the north-
eastern part of Algeria for different observation periods. Such curves are commonly developed
using historical annual maximum precipitation data fitted to a probability distribution to estimate
the rainfall intensity (I) for given storm duration (D) and return period (T). So, the construction
of these curves follows some steps where frequency analysis and regression are the basic
methods used to establish such relationships in graphical or mathematical forms.

2. Material and Methods

Study area

www.ijaeb.org Page 126



http://www.ijaeb.org/

International Journal of Agriculture, Environment and Bioresearch
Vol. 2, No. 04; 2017
ISSN: 2456-8643

Located in north-eastern Algeria, the study area extends over a length of about 300 km from Jijel
in the West to the Tunisian border in the East and over a width of 250 km from North to South. It
is located, to a large extent, north of the Tellian Atlas. It is roughly limited between the 35° and
37° North parallels and the 5° and 8°30" East meridians (Figure 1). This zone is limited to the
North by the Mediterranean Sea, to the South and Southeast by Chott Melhrir and the Hauts
Plateaux Constantine’s basins, to the East by the Algerian-Tunisian border and finally by the
Soummam watershed to the West. It encompasses thoroughly or partly, five major hydrographic
basins: Cotiers Constantinois (03), Hauts Plateaux Constantinois (07), Kébir - Rhumel (10),
Medjerda-Mellegue (12) and Seybouse (14) and spans over twelve wilayates (states) namely,
Jijel, Mila, Constantine, Skikda, Annaba, Guelma, El Tarf, Tebessa, Souk Ahras, Oum El
Bouaghi, Batna and Khenchela.

The northeastern Algeria is subject to the Mediterranean type climate characterized by a dry and
warm period (May -October) and a wet and relatively cold season (November-April). The
rainfall pattern is governed by the three classical rainfall laws; distance from the sea, elevation
and exposure to northwesterly humid winds and currents. The Atlas Mountains play a major role
as they constitutes a natural barrier to atmospheric disturbances from the North and West and
subdivides the region into two separate slopes; the very humid North Slope with abundant
vegetation cover (Edough and Collo massifs forests) and the relatively drier or even semi-arid
South slope where the vegetation cover becomes less dense and sparse (Constantine High Plains
and Steppe Zone).

The yearly rainfall gradient is slightly increasing from East to West (700-1500 mm) and
remarkably decreasing from North to South (less than 300 mm in Tebessa City).

In recent years, this part of the country has experienced several floods due to severe storm events
that caused property damages and human losses [12]-[15].
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Sampling techniques and data processing

From rainfall charts, provided by the National Agency for Water Resources (ANRH), the entire
rainfall records in a year is analyzed to select relevant rainfall events in order to find the
maximum depths and intensities for various storms of constant duration (D). The procedure
involves calculating automatically moving sums at a one-minute me step over the duration of the
storm using linear interpolation integrated in the application ‘Averse 2.0’.

The maximum rainfall depth (H) and rate (1), the ratio of depth to duration, values over specified
durations ranging from 5 minutes to 24 hours are displayed. The largest of all such values is

taken to be the maximum depth (intensity) inthat year for that duration. Rainfall intensity data
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are then organized into an annual maximum series. Seventeen time series that behave as random
variables of different sample sizes are obtained for 24 rain gauges in the study area (Table 1). A
raw database for short duration rainfall intensity is hence constructed.

Table 1: Identification of rainfall stations

Rain gauge . . Elevation Observation Number of Processed storm
gaug Code Latitude Longitude .
name (m) period years events

Cétiers Constantinois basin (03)

Jijel 0301 36.82°N  5.77°E 5 1984/2002 18 303
El Agrem 0303 36.44°N  5.50°E - 2001/2006 5 90
Zardezas Dam 0903 36.60°N  6.89°E 200 1984/1996 9 130
Bousnib 0905 36.50°N  6.96°E 900 1960/2002 24 1216
Fetzara Lake 1301 36.79°E  7.59°E 15 1973/1981 8 69
Chaffia Dam 1501 36.61°N 8.04°E 170 1987/1996 10 181
Ain Assel 1601 36.77°N  8.36°E 32 1970/2005 32 550
Hauts Plateaux Constantinois basin (07)
Foum Toub 0406 35.41°N  6.55°E 1102 ) 1969/2004 ) 29 ' 219
Foum el Gueis 0720 35.50°N  6.94°E 945 1987/1997 10 96
Kébir-Rhumel basin (10)
Redjas Ferada 0201 36.42°N  6.12°E 360 1973/1979 7 45
Chelgoum Laid 0312 36.16°N  6.16°E 768 1984/1992 9 378
Ouled Rahmoun 0508 36.18°N  6.70°E 700 1984/1993 9 85
El Fourchi 0511 36.36°N  6.59°E 775 1974/1982 7 35
Settara 0711 36.72°N  6.34°E 280 1972/2002 31 286
Medjerda-Mellegue basin (12)
Ain Seynour 0103 36.32°N  7.87°E 904 1996/2000 5 54
Cheikh
Abdallaht 0113 36.25°N  7.78°E 700 - 100 40
Tébessa 0301 35.40°N  8.12°E 890 1974/2005 31 > 361
Ain Zerga? 0510 35.64°N  8.26°E 850 - 100 98
Seybouse basin (14)
Aioun Settara 0105 36.07°N 7.39°E 741 1972/2004 27 148
Tamlouka 0204 36.16°N 7.14°E 740 1971/1979 8 46
Guelma Lycée 0412 36.46°N  7.44°E 260 1974/2001 27 273
Nechmaya 0605 36.59°N 7.56°E 265 1975/1979 3 4
Ain Berda 0606 36.66°N  7.61°E 100 1978/1999 22 322
Pont Bouchet 0631 36.82°N  7.74°E 3 1976/2005 29 364

L 2stochastically generated random variables from Depth-Duration-Frequency curves calculated by the ANRH.

www.ijaeb.org Page 129



http://www.ijaeb.org/

International Journal of Agriculture, Environment and Bioresearch
Vol. 2, No. 04; 2017
ISSN: 2456-8643

3. Frequency analysis and probabilistic model selection

An IDF curve gives the expected rainfall intensity of a given duration of storm having desired
frequency of occurrence. It may be represented in graphical or mathematical forms. Once a
reliable database is constructed, the method used to estimate the relationships describing the IDF
curves is classical. It follows three distinct steps and has already been used by many authors
[16]-[20]: probability distribution fitting to the annual series for each duration of aggregation,
storm intensity estimation for each duration and specified return periods, based on the densities
estimated in the first step and curvilinear regression between rainfall rate (as explained variable)
estimated in the second step and storm duration (as input variable). The least squares method
allows estimating the parameters of the empirical IDF relationships. The procedure is outlined in
the chart below (Fig. 2).

For each rainfall recorder, the seventeen time series (raw data) are subjected to an exploratory
analysis to check the reliability of data for frequency analysis using graphical and non parametric
tests for randomness, homogeneity and outliers detection. As a result, eighteen rain gauges
containing at least seven complete years of observations are retained for constructing IDF curves
that may be considered useful in practice. The remaining ones are discarded for insufficient
sample size for reliable frequency analysis (EI Agrem, Ain Seynour and Nechmaya) or identified
as containing anomalous and questionable data sets (Zardezas Dam, Fetzara Lake and El
Fourchi) when compared to nearby rain gauges.

The goodness of fit is appreciated by a combination of graphical and numerical techniques
including the quantile-quantile and probability-probability plots, the Kolmogorov-Smirnov (D),
Anderson-Darling, (W?) and Pearson ( ?) tests integrated in the Mathwave Technologies
Company Easyfit software. Since graphical techniques provide a visual comparison of simulated
and measured data and a first overview of model performance, the assessment of the probability
distribution models is basically appreciated by the total test score obtained from all the three
numerical tests. Test scores ranging from one to six (1-6) are awarded to each distribution model
based on the criteria that the distribution with the lowest total score is chosen as the best
distribution model for the data of a particular rain gauge. In general, the distribution best
supported by a test is attributed a score of one (1), the next best is awarded two (2), and so on in
ascending order. A distribution is not taken into account if the test indicates that there is a
significant difference between the predicted and observed rainfall values.
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Figure2: Detailed procedure to calculate IDF curves

For every test category, overall ranks of each distribution are obtained by summing the

individual point rank at each rain gauge.

Since the rainfall time series are relatively short [27]

and the overall rank sum is minimum, the General Extreme Value distribution is preferred, over
the log-Pearson I11 model, to calculate rainfall intensities for 16 specified recurrence intervals (T)
between 2 and 100 years for each of the durations being considered (Table 2).
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Table 2: Probabilistic model selection by the overall minimum rank sum method

. Probability distribution model
Rain gauge
LN-2p LN-3p Gumbel max GEV LG-2p LP3
Jijel 249 167 228 116 172 137
Bousnib 99 68 88 37 120 74
Chaffia 169 110 179 126 176 104
Ain Assel 216 121 249 114 225 146
Foum Toub 234 171 196 108 217 131
Foum Gueis 164 147 155 78 95 80
Redjas Ferada 167 135 156 75 115 67
Chelgoum 71 48 81 37 56 43
Ouled Rahmoun 165 149 152 47 130 78
Settara 76 70 97 51 94 92
Cheikh Abdallah 73 45 54 37 35 32
Tebessa 232 117 250 129 185 147
Ain Zerga 52 83 79 30 63 53
Aioun Settara 193 151 257 103 163 132
Tamlouka 151 151 135 84 122 71
Guelma 215 160 236 105 177 139
Ain Berda 223 190 218 92 183 147
Pont Bouchet 204 172 254 107 173 155
Overall rank sum 2953 2255 3064 1476 2501 1828

Hence, the T-year maximum rainfall intensity is estimated for each duration using the General
Extreme Value distribution with k, o and p as the shape, scale and location parameters,
respectively. For example, Table 3 presents the predicted T-year maximum intensity for rainfall
recorded at the Foum el Gueis rain gauge.
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Table 3: Rainfall Intensity-Duration-Frequency at the Foum el Gueis rain gauge

GEV Rainfall duration
distribution Minutes Hours
parameters 5 15 30 1 2 3 6 12 24
k -0.122 -0.009 0.078 -0.073 -0.216 -0.195 0.043 -0.068  0.12
c 33.306 10.742  5.998 3.138 0.882 0.663 0.681 0.5449  0.427
1} 91.302 41.052  20.762 12.713 6.892 5.269 3.633 2254 1.347
T (years) T-year rainfall intensity (mm/h)
2 103.2 45.0 23.0 13.9 7.2 55 3.9 25 15
5 137.0 57.1 30.3 17.2 8.0 6.1 4.7 3.0 2.1
10 156.8 65.0 355 19.2 8.5 6.5 5.2 34 25
15 167.2 69.4 38.6 20.3 8.7 6.7 5.6 3.6 2.7
20 174.3 72.5 40.8 21.1 8.8 6.8 5.8 3.7 2.9
25 179.5 74.9 42.6 21.7 8.9 6.9 6 338 3.0
30 183.9 77.0 44.1 22.1 9.0 6.9 6.1 3.9 31
35 186.7 78.3 45.1 225 9.1 7.0 6.2 4.0 3.2
40 189.9 79.9 46.3 22.8 9.1 7.0 6.3 4.0 33
45 192.7 81.2 47.3 23.1 9.2 7.1 6.5 4.1 34
50 194.7 82.2 48.1 234 9.2 7.1 6.5 4.1 35
60 198.0 83.9 48.5 238 9.3 7.1 6.7 4.2 3.6
70 202.0 85.9 51.1 24.2 9.4 7.2 6.8 43 3.7
80 205.0 87.5 52.4 24.6 9.4 7.2 6.9 43 3.8
90 206.7 88.4 53.1 24.8 9.4 7.3 7.0 44 3.9
100 208.5 89.4 54.0 25.0 9.5 7.3 7.1 44 4.0

4. IDF curves relationship-Derivation of IDF equations

In order to represent frequency analysis results in a much more explicit manner, the rainfall IDF
curves were calculated for 18 rainfall sites. A mathematical model synthesizing the Intensity-
Duration-Frequency relationship is therefore preferred. Scatter diagrams show that the longer the
duration, the lower average rainfall intensity for a given return period. It is also true that the
longer the recurrence interval, the greater the precipitation intensity for a given storm duration.
The relation between these three components, storm duration (D), storm intensity () and storm
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return period (T), is represented by a family of curves called the intensity- duration-frequency
curves, or IDF curves that are not presented here for space limitations. They can be modeled by
mathematical formulas such as:

Wenzel [2]: 1= Db (1)

Horner [28]: I = ﬁf}h (2)

Bernard [29]: = c;: 3)
. -

Sherman [30]: I = DR (4)

where | is the rainfall intensity (mm/h), D is the duration (minutes), T is the recurrence period
(years), a, b, ¢, f and m are regional model calibration constants to be obtained with regression
analysis techniques. Since the expression in the nominator of equations (1) through (4) is
independent of the aggregation time and completely determined by the probability distribution
function of the annual maximum rainfall intensity [17], the Bernard type model is adopted in this
work; the others are discarded to avoid over-parameterization. Note that letting f = 0 and a =
cT™, the above equations are the same.

To determine the model parameters, the first step is to fit an increasing power model that relates
probable maximum intensity I(T), as target variable, to duration D, the input variable, using least
squares techniques implemented in the Statgraphics Centurion XV software. The basic results for
the Foum el Gueis rain gauge are presented in Table 4.

Tabled : Foum el Gueis station (070720) - Linear regression outputs

Tyr) 2 5 10 15 20 25 30 35 40 45 50 60 70 80 90 100
a 3023 3753 418.2 440.7 456.3 467.2 476.3 480.8 487.2 490.9 4954 499.7 509.8 515.7 516.7 521.0
b 0.74 074 074 074 074 074 074 073 073 073 073 073 073 073 072 0.72
rr 099 099 098 098 097 097 097 099 097 097 096 09 09 096 0.96 0.96

The relationship I(D, T) is found to be highly significant for all sites (the coefficient of
determination R2 is greater than 90% for all cases). The parameter a increases as the recurrence
period (T) does while the parameter b varies slightly and the average value b is retained for the
model calibration. In the second step, an in-depth analysis of the relationship between the
parameter a and frequency (T) is needed to fully define the model. Dispersion diagrams of the
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a(T) function suggest, once more, that an increasing geometric relationship can be fitted. This
relation takes the form:

a=cl™ (5)

where the constants ¢ and m and the goodness of fit are similarly estimated by regression
analysis. Finally, the 3-parameter Bernard type model that incorporates the recurrence interval is
completely defined for eighteen gauging stations in the study area (Table 5). For example, the
IDF model for the Foum el Gueis station is:

30170127
I = DD"?B (6)

5. Model validation

The fact that the performances of the model calibration are less indicative of its actual simulation
capabilities, these are best expressed through validation, an absolutely primordial step in the
modeling process of random events.

A model is considered as valid if it reproduces correctly the data. There is no universal technique
to evaluate the performance of a model. The basic principle is to compare predicted (or
simulated) variates with sampled data. To appreciate the efficiency of the model, calculations are
generally performed on data that were not used in its calibration.

Table 5: IDF Model calibration and validation parameters for various rainfall stations
in the Northestern Algeria

Model calibration

Rain gauge parameters
name

Model performance criteria

C m b R2 R2 NSE do d1 dz

Cotiers Constantinois basin (03)

Jijel 199.87 0.377 0.70 0.99 0.83 0.67 094 086 0.86
Bousnib 192.2 0.126 0.60 0.63 0.99 098 099 0096 0.96
Chaffia Dam 2219 027 0.65 0.98 0.99 098 099 094 094
Ain Assel 130.52 0.450 0.67 0.99 0.99 098 099 094 094
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Table 5: continued

Model calibration
Rain gauge parameters
name

Model performance criteria

C m b R2 R2 NSE do d1 d2

Hauts Plateaux Constantinois basin (07)

Foum Toub 2065 0.382 0.74 0.96 098 097 099 093 0.99
E?J‘é?;e' 301.0 0127 0.73 0.95 098 094 098 091 0.92

Kébir-Rhumel basin (10)

Redjas

165.7 0.314 0.69 0.98 0.97 0.97 099 092 0.92
Ferada
E;‘ieo:goum 2527 0158 0.69 0.94 099 099 099 098 0.98
Quled

159.46 0.315 0.67 0.99 0.98 094 098 092 0.92
Rahmoun
Settara 73,2 0,382 056 0.98 0.97 0.85 097 0.89 0.88

Medjerda-Mellegue basin (12)
Cheikh
Abdallah 134.33 0.38 0.66 0.98 0.69 - 0.61 0.68 0.73
Tébessa 21568 0.331 0.74 0.95 0.99 098 099 094 094
Ain Zerga 31400 0.16 0.73 0,94 0.94 097 099 095 0.95
Seybouse basin (14)

Aioun Settara  109.6 0.528 0.73 0.99 0.86 - 0.88 081 0.78
Tamlouka 280.32 0.362 0.82 0.96 0.99 098 099 094 094
Guelma Lycée 196.29 0.287 0.69 0.94 0.99 098 099 0.93 0.93
Ain Berda 164.2 0.208 0.60 0.99 0.96 092 098 091 0.91
Pont Bouchet 187.52 0.142 0.57 0.99 0.95 090 098 094 094
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In applied hydrology, many criteria are used to assess the model sensitivity, including the
correlation coefficient or its squared value (the coefficient of determination), the mean squared
error, the Nash criterion of efficiency, the Willmott indices of agreement and the Kling—Gupta
efficiency (KGE) index [31], [32], [33], [34] and [35].

In this paper, the following “goodness-of-fit” measures are used for model validation: the
coefficient of correlation (R), the Nash-Sutcliffe criterion of efficiency (NSE) and the Willmott
indices of agreements d;) which are briefly described here. The Pearson’s product-moment or
correlation coefficient, a measure of the strength and direction of the linear relationship between
two variables with N paired observations, is given by:

YN;-0)x(P;—P)
JiEro-00)x ishe-p2)

R = (7)

where O;j and P; are the explicative and explained variables with means 0 and P, respectively. It
(R) indicates how closely data in a scatter plot fall along a straight line. The closer that the
absolute value of R is to one, the closer that the data are described by a linear equation.

The coefficient of efficiency has been widely used to evaluate the performance of hydrologic
models. Nash and Sutcliffe defined this coefficient, which ranges from —== to 1.0, with higher
values (NSE > 0.6) indicating better agreement, as:

Moo
NSE =1 — LLOCP0% _ g MSE ®)

>N(o;-0)2 a2

in which == is the observed data variance and the other terms are defined above. Physically NSE,
is the ratio of the mean square error,

MSE= N"'xX¥¥(0,— P)? (9)
to the variance in the observed data &=, subtracted from unity.

The Willmott indices of agreement (d), are widely used dimensionless indicators of model
performance. These are given by the following expressions:

¥ (Pi—0))?
d = —_ =1\t i _
0o=1 YN [IPi_0|+0;~0l] (10)

N — .
dy=1— iz 4|Pi—04 (11)

YL UPi-0l+|0;=0])
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YN IPi—0yl .
2 23N |0;-0|

YYIP =0 <2x¥Y0; - 0] (12)

Each of these indices of agreement varies from - to 1 with higher values indicating that the
model predicted values have better agreement with the observations [32].

In this paper, predicted data with the Bernard 3-parameter model, for a return period close to
twice the sample size (T = 2N), are compared with the highest storm intensity data recorded over
any specified duration during the whole observation period of N years at each calibration rainfall
gauge. The model calibration and validation processes results are reported in Table (5)

Performances, expressed in terms of Pearson correlation, Nash-Sutcliffe criterion and Willmott
indices of agreement obtained by applying the 3-parameter Bernard type model are satisfactory
to good (0.86< R? <0.99; 0.67 <NSE <0.99; 0,78 <d2 <0,99) in calibration and in validation
phases. Furthermore, the correlation coefficient values being close to one for both calibration and
validation cases indicate a strong relationship between observed and simulated values. In other
words, the “goodness of fit” criteria imply that the 3-parameter model works sufficiently well
and provides satisfactory answers as to simulate severe storms intensities in the North-east of
Algeria.

6. Conclusion

This paper presents a 3-parameter multiplicative model to overcome the lack of information on
short duration rainfall data at 18 sites with recording rainfall gauges in the north-eastern part of
Algeria. The capability of the model to provide a reliable estimate of the short-duration design
storm intensity is tested by computing the coefficient of determination which shows that more
than 80 % of the variability is explained by the model for more than 95% of the recording
gauges. Results of this evaluation indicate the feasibility of the proposed procedure for deriving
the IDF curves relations for most rainfall stations with reliable data series in the study area. In its
empirical form, the predictive model is used to estimate, with sufficient accuracy, the T-year
design rainfall intensity for any duration. However, this set of mathematical equations that
describe the IDF relationships and provide a practical solution to hydro technical projects in the
Northeastern part of Algeria is not recommended to extrapolate IDF curves to T ’s exceeding the
precipitation record length more than twice. Finally, further work on areal mapping of the model
parameters is also recommended as it might increase its applicability in this part of Algeria.
Moreover, observed changes in rainfall characteristics due to climate changes suggest that IDF
relationships be regularly updated to include more recent rainfall time series.
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