Research Journal of Engineering Sciences ___________________________________________
________ ISSN 2278 – 9472
Vol. 6(11), 7-19, December (201
(2017)
Res. J. Engineering Sci.

Intensity - duration - frequency curves and hydrological response of
retention ponds in the city of Lome (Togo, West Africa)
1

Gbafa K.
K.S.*1, Tiem S.1 and Kokou K.2
Ecole Nationale Supérieure d’Ingénieurs, Université de Lomé, Togo, West Africa
2
Faculté Des Sciences, Université de Lomé
Lomé, Togo, West Africa
gbafafelix@gmail.com

Available online at: www.isca.in, www.isca.me

Received 26th October 2017, revised 3rd December 2017, accepted 22th December 2017
201

Abstract
This study aims to contribute to the reduction of natural disaster risks related to floods in the city of Lome through modeling
modeli
Intensity - Duration - Frequency (IDF) curves, and determining the storage threshold of retention ponds. 33 years of rainfall
data were adjusted by the Log normal, Gumbel and GEV distributions. The Akaike (AIC) and Bayesian (BIC) criteria helped
to determine the most suitable distribution laws. The quantiles of the return periods 5, 10; 20; 50 and 100 years are
calculated and modeled based on the Montana, Talbot, Keifer
Keifer-Chu
Chu and Wanieslita formulas. The parameters of retention
basins were used to estimate their hydrological response based on the IDF curves est
established
ablished by applying the rational
equation. Gumbel and Log normal laws fit the short duration rains well whereas GEV fit the medium and long duration rains
better. The Keifer-Chu
Chu formula is most suitable for modeling IDF curves for the city of Lomeas it has
ha the lowest mean
squared error and the highest correlation coefficients. Regarding the hydrological response of detention basins, the results
show a deficit of storage capacity. The threshold rains that fill each basin during the concentration time is less
les than a two
(02) years return period rain.
Keywords: Modeling, Extreme rains, hydrological response, returning ponds, Lomé, Togo.

Introduction
Torrential rains and resulting floods are the most noticeable
illustration of the impacts of extreme weather events.
Sometimes, several African cities, just coming out of periods of
drought, are subsequently faced with long periods of
unprecedented flooding1. All African cities are to varying
degrees vulnerable to floods and each adapts in its own way.
The usual challenges are the lack of housing, energy,
communication) disaster management, relief organization and
infrastructure. West Africa has experienced increased flooding
in recent years2-5. In 2007, 2.6 million people were affected by
floods, which caused several deaths2.
In Togo, about 60 urban and rural floods recorded between 1925
and 1992 caused material damage and loss of life6. In 2007,
Togo recorded, in two of its administrative regions (maritime
and Savane), the following flood
ood related loses: 42 deaths, 245
869 victims, 51 902 destroyed homes, 31 care units, 1 176
classrooms,10,957 ha of crops land, and 23,061 head of cattle
lost or damaged7. This damage is estimated at more than 23
billion CFA francs8. The situation worsened considerably in
2008 with the destruction of several bridges paralyzing all
economic activity between Togo and the hinterland countries9.
In Lomé, the same areas and populations are repeatedly affected
every year, and new settlements and populations are bbecoming
vulnerable to flooding10. The first factor involved in flood
floodrelated natural disasters is undoubtedly rainfall. Rainfall
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variability is generally expressed as mean maximum rainfall and
as the frequency and intensity of extreme rainfall in a given
region. Short-term
term extreme precipitation remains the main cause
of the sudden and catastrophic floods that can occur in many
small watersheds.
The effectiveness of the response to flood situations lies in the
availability and performance of water and sanitation facilities.
Indeed, the design of any hydraulic structure requires that the
desired level of performance be specified11. According to these
authors, the level of performance is often determined as a
function of potential damage and the severity of the weather
hazards that are likely to cause a break, a malfunction or the
overflow of the structure in question. Thus, in the case of
stormwater management infrastructure, the sizes of the various
components of the system (pipelines, retention ponds, etc.)
e
are
established according to the return period of intense rainfall
events12-15. This information is often expressed in the form of
Intensity Time Frequency (IDF) curves obtained from a
statistical study of extreme events recorded in a given
territory16. These curves are at the basic of all design studies of
storm water management infrastructure and they play a major
role in the state of the art hydrological applications17.
Unfortunately, very little research has been done on the
establishment of IDF rainfall
ainfall curves in tropical Africa. First,
there are the old publications based on a methodology which is
no longeradequate18,19. Other recent, studies published work on
7
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IDF curves for stations located in the Congo4,20. In Togo, the
only true previous study resulted in high- duration - frequency
(HDF) curves for return periods 1; 2; 5; 10 and 20 years21. This
study, previously used in the design of hydraulic structures, is
outdated today and does not guarantee the safety of storm water
management works in the current context of climate change. It’s
shown that a noticeable shortage of sanitation facilities in the
city of Lome expressed by the high proportion of works done by
the population , networks of gutters without outlets and the
small number of retention ponds with gravity drain (11 of 36)22.
These authors have also identified serious faults in the design of
stormwater drainage works, especially retention ponds. This
observation is confirmed by the Master Plan of Sanitation
(PDA) for the city of Lome, which states that the normal tidal
range between the minimum level (set by the water table) and
the maximum level is less than one meter23. This situation
requires not only the study of the level of service of retention
basins in the city of Lome but also and especially, a detailed
study of precipitation at the sub-hourly scale, because the
process of stagnation of water does not arise only in terms of
quantity but also in terms of rainfall intensity24,25.
This article aims to contribute to the reduction of flood risk in
the city of Lome. Specifically, it aims to i. model Intensity
Duration Frequency (IDF) curves, and ii. determine the
threshold intensities of effectiveness of retention ponds in the
city of Lomé.

Material and methods
Study area: The city of Lomé is located in the extreme southwest corner of Togo (Figure-1). It extends along the coast of the
Gulf of Guinea westwards to the Ghana border. Lome is thus, a
border town that covers an area of nearly 90 km² 26.
Lomé enjoys a Guinean subequatorial coastal climate
characterized by two rainy seasons (March / April to July and
September to November), and two dry seasons (in August then
between November and February)27,28.,29. Lomé is the part of
Togo with the lowest rainfall (800 to 900 mm of rain per year).
The average humidity exceeds 75%. The average monthly
minimum values range from 57-58% during the dry season and
71-73% during the rainy season26,29. The maximum average
temperature is 30.7°C in the afternoon and the minimum 23.1 °
C in the morning. From south to north, the city consists of three
physiographic zones26,29: i. Lower town: located between the sea
and the lagoon, it is an ancient flat dune ridge with altitudes
between 2 and 5.5 m above sea level. It is the historical heart of
Lome. ii. The lagoon zone: located about 2.5 km from the
seafront, in places it has a width of about 200 m. The lagoon
zone is composed of an equilibrium channel and 3 lakes (West
Lake, East Lake and Lake Bè). iii. Upper town: this is the
plateau area to the north of the lagoon, rising to 35 m altitude. It
is bounded in the northeast by the Zio River and in the west by
the Ghana border26.

Figure-1: Study area.
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Collection of rainfall and hydrological data: Most of the data
used in this study comes from the records of the Lome airport
synoptic station pluviographs30. This systematically analyzed
data is available for the period 1965 to 1997 including more
than 1515 rainy days. The raw data in Microsoft Excel format
was calculated in Matlab version 99.491 environment and the
results exported as Microsoft Excel data or JPEG graphics.
Formatting and characterization of rainfall data: Once the
data counting completed, the statistical parameters for each rain
period were calculated. These are: maximum, minimum, range,
mode, median, mean, standard deviation and coefficient of
variation.
Probability distribution of the extreme values of each
averse: This is done to determine the law that best explains
rainfall of given duration. The three most used distributions are
applied for each shower. These are the Gumbel, the GEV and
the Log normal distributions31,32. A theoretical justification for
the application of these laws to the case of maximum annual
values was given33. The Kendall stationarity test is used to
detect trends in the series, and the Wald-Wolfowitz
independence to verify, the existence of sequential dependency
in the observations34,35. Criteria for the comparison of the
statistical laws used are: the Akaike Criteria (AIC), and the
Bayesian Criteria (BIC)36. The lower these criteria, the better the
distribution law. The Kolmogorov-Smirnov test was performed
in each case to verify the goodness of fit37.
Intensity duration frequency curves: Let us symbolize the
average intensity of rain by i (expressed in mm.h-1), the
aggregation time of rain by d (expressed in min) and the return
period by T (expressed in years). The IDF relationship is then
expressed mathematically by Equation 1. In general, rain
intensity decreases with aggregation time and increases with
return period, that is to say that the intensities weaken as
duration lengthen38. This implies that the function i must be a
decreasing function and therefore cannot be bell shaped. This
property makes it possible to overcome without problem the
jump between 2 and 24 h in the modeling of the IDF curves.
Several IDF related models are selected for this study and are
applied to the Lomé airport station data.
i = f (T, d)

(1)

The Montana formula: This is one of the most popular models
used in the field because of its simplicity 39. The model is
expressed for a return time T by Equation-2.
i t = at

(2)

The Talbot Formula: This model is recommended in the
standards of Swiss road professionals39. The model for a given
return time T is expressed by Equation-3.
i t =
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(3)

The Keifer-Chu formula: This is similar to the Talbot model
except that it is more robust because of the introduction of a
third parameter giving Equation-4 40.
i t =

(4)

The Wanieslita formula: This simplified general Equation
combines the other three models41. Unlike the other Equations it
allows all the curves to be drawn using a single formula given in
Equation-5:
i t =

(5)

The parameters a, b, c and e are numerical coefficients that
depend on frequency (or the return period T), the measurement
site and rainfall duration.
The best IDF model: Having specified the different IDF
models, it is necessary to ensure their effectiveness comparing
them to find the best one for Lome. To do this, two criteria were
used. The mean squared error (MSE) and the correlation
coefficient (R). These statistical indicators were calculated for
each model. The correlation coefficient R appreciates the linear
relation between the theoretical model and actual data. It lies
between -1 and 1.The mean square error (MSE) is used to
compare multiple adjustments and to determine the best model
with the lowest error.
Hydrological response of retention basins to rainfall: For the
analysis of the efficiency of the sanitation works, only the built
retention ponds were studied. Unbuilt depressions that function
as storm water storage areas were not considered. The
hydrological data (surfaces A and runoff coefficients C and
concentration time Tc of basins, capacity V and infiltration
coefficients of basins) are obtained from the Hydraulics Head
Office (DGH) in Lome. The flow drained by each basin was
calculated and the retention threshold of the basins were
estimated.
The flow Q (m3 / s) runoff on a catchment area (A in ha), and
runoff coefficient C during a rain of intensity (I in l / s) is
expressed by Equation-6 of the rational formula. In this
equation, µ represents the unit conversion coefficient.
Q = µ. C. I. A

(6)

The retention threshold of a basin is the intensity of rain which
for a duration equal to the concentration time causes the filling
of the corresponding retention basin. This relation is represented
by Equation-7. By incorporating Equation-6 in the latter one
obtains 8.
V = Q. Tc

(7)

The volumes discharged by gravity or pumping during a time
equal to the concentration time of the contributing watershed is
taken into account in the calculations.
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Is =

µ

(8)

. .

The comparison of threshold intensity (Is) and theoretical
intensities per return period makes it possible to know if the
retention pond is effective or not. To achieve this, the threshold
intensities are calculated for durations equal to the concentration
time of each basin and compared with those corresponding to
the IDF model used for the city of Lomé for return periods of
less than 20 years. These return periods are indeed the most
used in urban hydrology for the design of hydraulic structures42.

Results and discussion
Characteristics of rainfall data: Statistical parameters
calculated for each rain duration show that rainfall intensities
decrease as duration increases (Table-1). For the two extreme
rain periods (5 minutes and 120 minutes), the maximum average
intensities are 5 mm/min and0.7 mm / min and the minimum
mean intensities are 1.6 mm / min at 0.1 mm / min. (Table-1).
The average values are 2.4970 ± 0.7535 mm / min and 0.3094 ±
Table-1: StatisticalCaractéristics of rainfull in Lome.
Rain full
Maxi.
Mini.
stretch
duration
5 min
5.0
1.6
3.4
10 min
3.9
1.3
2.6
15 min
3.1
1.1
2.0
20 min
2.4
1.0
1.4
25 min
2.0
0.4
1.6

0.1279 mm/min for the same rain periods (Table-1). With
regard to the most frequent values, the modes range from 2 to
0.4 mm/min for rain periods of 5 to 120 min. The most frequent
values of intensity are higher than the average values for rainfall
5 to 25 min and lower than the mean rainfalls 30 to 120 min.
The standard deviation, which is a parameter indicating the
dispersion of the values, varies from 0.7535 to 0.1279 for rains
of 5 to 120 min. Intensity values are more grouped for longduration rainfall than for short periods.
Adjustment of the distribution laws: The probability
distributions of the extreme values show a good fit of the
observed data to the Gumbel, the GEV and the Log normal
distributions (P> 0.05). But the results show that the distribution
laws studied do not fit the observed data in the same way. It is
thus found that for 5-min rain of only (Figure-2), the three laws
seem to describe the data best. For rain adjustment of 35 min
rain (Figure-3). The observation is different. Indeed, for this
case, the Lognormal and Gumbel laws diverge from real data.
This divergence is more marked at the tail of the distribution.

2.4970
2.0667
1.8061
1.6091
1.4273

Standard.
deviation
0.7535
0.5824
0.4520
0.3311
0.3145

Coef. of
variation
0.3018
0.2818
0.2503
0.2057
0.2204

Mode

Median

average

2.0
1.8
1.7
1.7
1.5

2.4
1.9
1.7
1.6
1.4

30 min
35 min
40 min
45 min
50 min
55 min

1.7
1.5
1.3
1.3
1.2
1.2

0.4
0.3
0.3
0.3
0.3
0.3

1.3
1.2
1.0
1.0
0.9
0.9

1.4
1.1
1.1
1.0
0.9
0.9

1.3
1.2
1.1
1.0
0.9
0.8

1.2909
1.1394
1.0394
0.9485
0.8576
0.7758

0.2765
0.2384
0.2135
0.1856
0.1768
0.1871

0.2142
0.2092
0.2054
0.1957
0.2062
0.2412

60 min
65 min
70 min
75 min
80 min
85 min

1.1
1.1
1.0
1.0
0.9
0.9

0.3
0.2
0.2
0.2
0.2
0.2

0.8
0.9
0.8
0.8
0.7
0.7

0.8
0.6
0.6
0.6
0.6
0.6

0.7
0.6
0.6
0.6
0.5
0.5

0.7000
0.6394
0.5939
0.5606
0.5242
0.5030

0.1696
0.1713
0.1619
0.1580
0.1480
0.1489

0.2422
0.2679
0.2726
0.2818
0.2822
0.2961

90 min
95 min
100 min
105 min
110 min
115 min

0.8
0.8
0.8
0.8
0.8
0.7

0.2
0.2
0.2
0.2
0.1
0.1

0.6
0.6
0.6
0.6
0.7
0.6

0.5
0.4
0.4
0.4
0.4
0.4

0.5
0.4
0.4
0.4
0.4
0.3

0.4515
0.4063
0.3938
0.3844
0.3594
0.3281

0.1228
0.1268
0.1268
0.1247
0.1241
0.1198

0.2719
0.3122
0.3221
0.3245
0.3452
0.3650

120 min

0.7

0.1

0.6

0.4

0.3

0.3094

0.1279

0.4134
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Figure-2: Maximum average 5min duration rainfall fit.

Figure-3: Maximum average 35 min duration rainfall fit.
With regard to the quality of the models, the results show that: i.
The Gumbel law is the most suitable for describing rainfall of 5
to 15 min. ii. The log normal law is best suited for describing
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rainfall of 20; 25 and 40 min. iii. The GEV law is the most
suitable for describing the maximum average rainfall intensities
of 30 and 35 min, 45 to 120 min (Figure-4, 5 and Table-2).
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Figure-4: Comparison of adjustment laws based on AIC criteria.

Figure-4: Comparison of adjustment laws based on BIC criteria.
IDF model curves for the city of Lomé: Knowing that the
numerical coefficients (a, b, c and e) depend on the return
period T and the duration of the rains, the models give different
results. For the Montana model, parameters (a, b) increase with
return period. They respectively lie from 8.12 to 14.04 and 0.54
to 0.61 (Table-3). For the Talbot formula, the first (a) increases
from 66.93 to 82.19 and the second (b) decreases from 16.59 to
11.57. The three parameters (a, b, c) of the Keifer-Chu formula
decrease as return period increases. Parameter a, from 1301.00
to 128.60, parameter b from 41.24 to 14.62 and parameter c.
from 1.585 to 1.097.
The best IDF model: The modeled IDF curves give different
results according to the type of model used and according to
return period. This difference is reflected in mean squared errors
(MSE) and correlation coefficients (R). The analysis of R values
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shows that they range from 0.973 to 0.998 for all the models
fitted (Table-4). Therefore, all the models have a strong linear
correlation with the real quantiles if one is interested in linear
dependence between the models and the real quantiles.
With regard to the quality of the models, the results also show
that the R of the Montana model is relatively low, compared to
the other models regardless of the return time. For this model,
the coefficient ranges from 0.972 to 0.975. On the other hand,
the Montana model has a higher mean squared error, regardless
of return period (Table-2), and is therefore less efficient
compared to the other models. These errors range from 0.035 to
0.063. Of the remaining three models (Talbot, Keifer-Chu and
Wanieslita), the Keifer-Chu model has the lowest mean squared
errors and the highest correlation coefficient. This model is
therefore selected as the best (Figure-4 and Table-5).
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Table-2: Classification of distributions.
Classification of distributions

Rain full duration (min)

N°1

N°2

N°3

5

Gumbel

Log-normal

--------

10

Gumbel

Log-normal

--------

15

Gumbel

Log-normal

GEV

20

Log-normal

Gumbel

GEV

25

Log-normal

GEV

Gumbel

30

GEV

Log-normal

Gumbel

35

GEV

Log-normal

Gumbel

40

Log-normal

Gumbel

--------

45 upto 120

GEV

Log-normal

Gumbel

Table-3: IDF model parameters.
Formula

Montana

Talbot

Keifer-Chu

Wanieslita

Return period

a

b

c

E

5

8.1150

0.5392

-

-

10

9.4130

0.5525

-

-

20

10.7400

0.5667

-

-

50

12.5800

0.5862

-

-

100

14.0400

0.6008

-

-

5

66.9300

16.5900

-

-

10

71.9700

15.3500

-

-

20

75.7600

14.1100

-

-

50

79.6900

12.5900

-

-

100

82.1900

11.5700

-

-

5

1301.00

41.24

1.585

-

10

358.60

28.15

1.326

-

20

196.50

21.35

1.198

-

50

139.80

16.60

1.120

-

100

128.60

14.62

1.097

-

-

137.3000

0.1374

21.640

1.217
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Table-4: Comparison of models.
Return period

10 years

20 years

50 years

100 years

Model
Montana
Talbot
Keifer-Chu
Wanieslita
Montana
Talbot
Keifer-Chu
Wanieslita
Montana
Talbot
Keifer-Chu
Wanieslita
Montana
Talbot
Keifer-Chu
Wanieslita

MSE
0.0353
0.0040
0.0020
0.0052
0.0399
0.0063
0.0051
0.0069
0.0507
0.0138
0.0131
0.0146
0.0633
0.0230
0.0225
0.0301

R
0.9727
0.9971
0.9984
0.9978
0.9752
0.9961
0.9967
0.9967
0.9755
0.9932
0.9935
0.9929
0.9743
0.9904
0.9907
0.9891

Table-5: Keifer-Chu model parameters.
Parameters

2 years

5 years

10 years

20 years

50 years

100 years

a

2.171 105

1301.0

358.600

196.500

139.800

128.600

b

87.760

41.240

28.150

21.350

16.600

14.620

c

2.527

1.585

1.326

1.198

1.120

1.095

Figure-5: IDF curves for Lome.
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This three-parameter model has one more parameter than the
Talbot and Montana models and it is the most suitable for
modeling IDF curves for the city of Lomé. The Wanieslita
model, with four parameters (one more than Keifer-Chu model),
comes only in third position in the classification. This is because
for the other three models the parameters are calculated for each
return period, unlike the Wanieslita model, which sets all four
parameters once, regardless of the return period. This model
then introduces more errors into the modeling of IDF curves.

Characteristics of hydrological data: A total of 23 retention
ponds have been studied out of 38 in the city of Lome. Their
runoff coefficients vary between 0.30 and 0.45 and the
concentration times between 13.75 and 56 minutes (Table-5).
Their run-off surfaces and retained volumes vary between 22 ha
and 704 ha and 1800 m3 with 100000 m3 respectively.

Table-6: Characteristics of retention ponds23.
Retention Pond n°

Rundown Surface (Ha)

Runoff Coefficient C*

Concentration Time (min)

Retained Volume (m3)

R. Pond 1.1

65

0,35

34,64

4 800,00

R. Pond 1.2

327

0,32

38,16

45 000,00

R. Pond 2.1

141

0,35

56,00

29 107,00

R. Pond 2.1'

142

0,35

56,00

20 865,00

R. Pond 2.2

72

0,35

33,63

9 564,00

R. Pond 2.4

114

0,35

13,75

13 724,00

R. Pond 2.5

36

0,35

14,30

5 600,00

R. Pond 2.7

323

0,42

15,69

40 000,00

R. Pond 2.7'

362

0,43

15,69

78 000,00

R. Pond 3.1

316

0,30

45,86

42 000,00

R. Pond 3.3

345

0,30

33,10

75 000,00

R. Pond 4.1

22

0,35

23,26

2 400,00

R. Pond 4.2

249

0,40

19,26

37 000,00

R. Pond 4.4

160

0,45

28,54

33 000,00

R. Pond 4.6

22

0,45

15,12

1 800,00

R. Pond 5.3

131

0,40

17,81

8 000,00

R. Pond 5.4

108

0,35

45,61

10 000,00

R. Pond 7.7

688

0,35

38,54

100 000,00

R. Pond 7.8

465

0,35

28,09

40 000,00

R. Pond 8.1

704

0,35

54,46

60 000,00

R. Pond 9.1

252

0,35

58,14

10 000,00

R. Pond 9.2

114

0,35

19,03

5 000,00

R. Pond 9.7

32

0,35

22,51

2 000,00
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Containment ponds storage threshold: The results show that
for rainfall simulations of initially empty retention basins, the
threshold intensities of only four (04) retention basins (R. P 2.1,
R. P, 2.5, R. P 2.7' and R. P 3.3), exceed the 10-year rainfall.
Five (05) retention basins have threshold intensities between the
rains of two (02) and five (05) years and three (03) retention
basins have threshold intensities between the rains of five (05)
years and ten (10) year rains. Half of the retention ponds (11 out

of 23) have threshold intensities less than two (02) years of
rainfall (Figure-5).
The pools overflow with each rain. However, when the retention
pond is half empty before the onset of rain, all threshold
intensities are lower than the 2-year return rainfall (Figure-6).
Generally these basins are half full even at the end of the rainy
season with a few exceptions.

RAINFALL INTENSITY (MM/MIN)

3.5
3

Is(t)
I(t;T= 2 years)

2.5

I(t;T= 5 years)
2

I(t;T=10 years)

1.5
1
0.5

R.P. 9.1

R.P. 2.1'

R.P. 2.1

R.P. 8.1

R.P. 3.1

R.P. 5.4

R.P. 7.7

R.P. 1.2
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Figure-5: Comparison of threshold intensities with those of the model for empty retention basins.
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Figure-6: Comparison of threshold intensities with those of the half-empty reservoir model.
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Discussion: Choice of statistical distribution laws for rainfall
intensity: This study has determined the distribution law that
best describes rainfall in the city of Lome. The results show that
a single frequency model can best describe all the data sets of a
meteorological station. In the present study, the results reveal
that the Gumbel and Log normal laws fit the maximum average
intensities of short-term rainfall and the GEV law fits those of
medium and long durations in the city of Lome. This result is
consistent with that obtained for the city of Abidjanwhenit was
possible to use the three statistical laws (Lognormal, GEV and
Gumbel) to describe annual maximum intensities43. Another
study also shown that the probability distributions of maximum
annual daily rainfall do not specifically obey a given rainfall
regime44. According to these authors, in each climatic zone,
there are at least three types of probability laws each having at
least one zone of validity. This situation justifies the need to use
several functions to find the most suitable for each station.
These results further reaffirm the complexity of the analysis of
average maximum rainfall intensities and confirm the
observation already made by several previous studies14,43,44.
Indeed, several studies have arrived at the conclusion as to the
suitability of the distribution laws used. The probability
distribution of two-component extreme values have been used
tow17,45. With the aim of constructing IDF curves in the analysis
of extreme events same studies used the Gumbel distribution20,
44,47
. Other authors used the Log-normal distribution function
because it fitted data better than the Gumbel distribution43,48.
The Gumbel distribution seriously underestimates the values of
large return periods31,46,49. After analyzing the longest and most
reliable records of 169 rainfall stations it was demonstrated with
theoretical and empirical arguments that the Gumbel
distribution is not applicable to hydrological extremes46.
IDF curves and hydrological response of the urban basin:
The results of the IDF curves show that the Montana model is
less efficient compared to the other models because it has the
highest mean squared error and the lowest correlation
coefficient. These results are confirmed when studying rainfall
in Yangambi, Congo, authors obtained a quadratic error of
18%14. According to these previous authors, the Montana model
did not satisfy the asymptotic constraint required when duration
tends to zero. This is because this model corresponds to a series
of parallel lines while the IDF law underlying the empirical
quantiles has a curvature38. Therefore the so-called Montana
formula cannot be used for aggregation times less than one day.
Several previous studies simply advocate rejection of the
Montana model43, 44.
The comparison of the IDF curves obtained in the present study
with the existing curves modeled for the 10-year return period,
(period common to both works) shows that the old IDF curves
(those obtained in 2003) overestimate the rainfall phenomenon
for rainy periods between 5 to 15 min and 70 to 120 min30. This
overestimation is more pronounced for very short rains (5 and
10 min). Several reasons could explain the difference observed
between the IDF curves of the two works. First, the use of a
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single distribution law (Gibrat-Galton) by graphical adjustment
on paper30. This methodology used to obtain the old curves does
not make it possible to determine with precision the IDF
quintiles. The differences between the curves are also due to the
use of the Montana model (considered less suitable for
modeling the Lomé curves compared to the other three models
used (Talbot, Keifer-Chu and Wanieslita) without computer
software for determining the old curves parameters.
Regarding the efficiency of the retention ponds in terms of
rainwater management, rainfall simulations of these pools
showed that for most of the basins studied the retention
threshold intensities were lower than the return rainfall of 2
years. The ponds generally overflow with each rain. The
threshold intensities obtained reveal some of the problems of
sizing sanitation structures, particularly in the Togolese capital
but also in other Togolese cities. The proportion of retention
basins with gravity drain (11 out of the 36 in the city) assisted
by the presence of pumping equipment on the retention ponds
proves not only insufficiency of storage capacity but also a
serious design fault. This observation is confirmed by the
Master Plan of Sanitation in force in the city of Lomé, which
states that the normal tidal range between the minimum level
(set by the water table) and the maximum level is less than one
meter10,23. Estimating the hydrological response of an urban
basin in the city of Annaba in Algeria, authors obtained similar
results50. These authors have obtained a peak flow on the urban
watershed that exceeds the capacity of the existing stormwater
drainage structure. These authors attribute this result to the
effect of urbanization on the hydrological response of the
watershed. As a result of urbanization, the response time of a
watershed decreases considerably and peak flows increase51. In
the local context, the urbanization of the basin can also be the
cause of frequent floods.

Conclusion
The present study modeled the IDF curves for the city of Lome
allowing designers to determine the required rains for the
optimal sizing of the hydraulic sanitation structures in order to
contribute to the reduction of flood risk of in the city of Lome.
Based on the mean squared error and correlation coefficients,
we find the best IDF model in the Keifer-Chu formula, the
model on which the new IDF curves were selected. This work
advocates the Wanieslita, Talbot and Keifer-Chu type formulas
but reject Montana formulations. The present work also
demonstrated through the estimation of the response of the
existing sanitation facilities a deficiency in the storage capacity
of retention ponds.
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