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Abstract

The availability of data is an important aspect in frequency analysis. This paper explores the joint use of lim-
ited data from ground rainfall stations and TRMM data to develop Intensity Duration Frequency (IDF)
curves, where very limited ground station rainfall records are available. Homogeneity of the means and va-
riances are first checked for both types of data. The study zone is assumed to be belonging to the same re-
gion and checked using the Wiltshire test. An Index Flood procedure is adopted to generate the theoretical
regional distribution equation. Rainfall depths at various return periods are calculated for all stations and
plotted spatially. Regional patterns are identified and discussed. TRMM data are used to develop ratios be-
tween 24-hr rainfall depth and shorter duration depths. The regional patterns along with the developed ratios
are used to develop regional IDF curves. The methodology is applied on a region in the North-West of An-
gola.
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1. Introduction and Methodology

The availability of data is an important aspect in fre-
quency analysis. The estimation of probability of occur-
rence of extreme rainfall is an extrapolation based on
limited data. Thus the larger the database, the more ac-
curate the estimates will be. From a statistical point of
view, estimation from small samples may give unrea-
sonable or physically unrealistic parameter estimates,
especially for distributions with a large number of pa-
rameters (three or more). Large variations associated
with small sample sizes cause the estimates to be unreal-
istic. In practice, however, data may be limited or in
some cases may not be available for a site. In such cases,
regional analysis is most useful.

The main objective of this paper is to present the me-
thodology and results aiming at developing intensity-
duration-frequency (IDF) curves in a region where ground
rainfall stations data is scarce. To complement the data,
Tropical Rainfall Measuring Mission (TRMM) corrected
satellite data was used. TRMM is a joint U.S.-Japan sat-
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ellite mission to monitor tropical and subtropical (40°
S—40° N) precipitation. TRMM satellite data are available
from 1998 to 2008. Several studies have compared the
TRMM data with ground station data ([1-4]); however,
the aim of this study is to explore the joint use of TRMM
data with ground station data to produce intensity-dura-
tion-frequency relations.

The first step is to assess if the TRMM annual maxi-
mum daily data have different average (compared to
ground station data) using the Mann-Whitney U, the
Moses extreme reactions, the Kolmogorov-Smirnov Z,
the Wald-Wolfowitz runs tests. Furthermore, the Levene
test was performed to check the equality of variance be-
tween the two data types.

Once the possibility of the joint use of maximum daily
rainfall from ground stations and TRMM data is checked,
the combined maximum daily records at locations of
interest are verified if they belong to the same region via
the Wiltshire test and the ordinary moment diagram. An
Index Flood method is then applied to get the regional
estimates of the maximum daily rainfall at different re-
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turn periods.

The regional estimates are first compared with the
at-site estimates, and the ones that better fit the raw data
are selected. Subsequently, the adopted estimates for all
locations are compared in order to establish geographi-
cally coherent regions. Since the main purpose is to de-
velop intensity-duration-frequency curves, the lower
(less conservative) values that might appear in certain
locations and that are not consistent with the geographi-
cally coherent region are discarded.

Following the establishment of the geographically co-
herent regional average estimates of the daily rainfall at
different return periods, the ratios between intensities of
the 24-hr and those of the 12-, 6-, 3-, 2-, 1-Hr, 30-, 15-,
and 5-min based on Bell [5] and SCS type II dimen-
sionless rainfall curve [6] are used to derive the short
duration rainfall values of the IDF. As such, regional
robust IDFs are developed for scarce data regions.

The application of the methodology is in a region of
North-West Angola where IDF curves are needed for
eight cities; namely, Sazaire (Soyo), Ambriz, Quinzau,

Landana, Noqui, Maquela do Zombo, M Banza Congo,
and Cuimba, shown on Figure 1. Maximum annual
rainfall data coming from ground rainfall stations for the
eight cities are only available for 8 years at most.

The paper is organized as follows. After the current
section presenting the paper objective, its methodology
and region of application, the rainfall data available from
the ground stations and TRMM are described. The fol-
lowing section presents the results of homogeneity tests
verifying the possibility of the joint use of ground data
and TRMM. The regionalization methodology is detailed
in the fourth section illustrating the Wiltshire test and the
index flood method. The results of the regionalization are
illustrated in the subsequent section followed by the as-
sumptions of the IDF development. Finally, conclusions
are offered in the last section.

2. Rainfall Data Available for Ground
Stations and TRMM

In the procedure of developing the Intensity Duration
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Figure 1. Rainfall stations that will be used during the analysis.
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Frequency (IDF) curves for the North-West of Angola,
the data was collected from the ground rain gauging sta-
tions. The following Table 1 shows the names and coor-
dinates of ground rainfall stations used in this study.
Figure 1 shows these stations along with other locations
of interest for which an IDF is required, on the Shuttle
Radar Topography Mission (SRTM) elevation data (90
m resolution at ground) in the background. SRTM data is
obtained on a near-global scale to generate the most
complete high-resolution digital topographic database of
Earth. It consisted of a modified radar system that flew
onboard the Space Shuttle Endeavour during an 11-day
mission in February of 2000.

Unfortunately, recent ground stations records were not
available. Old data were retrieved from the National
Oceanic and Atmospheric Agency in the USA, which
keeps in its data rescue website, scanned reports of “Ele-
mentos Meteorologicos e Climatologicos” of the “Ser-
vicos de Marinha, Repartigdo Técnica de Estatistica Ger-
al”. The reports available on the NOAA website cover
the period from 1943 to 1952. However, some sta- tions
were not functioning properly even during this short pe-
riod. Table 2 shows the maximum daily rainfall depth
recorded for each ground station in millimeter.

As limited data are available, Tropical Rainfall Meas-
uring Mission (TRMM) data was used. TRMM data give
rainfall depths every 3 hours and are downloadable from
http://disc2.nascom.nasa.gov/Giovanni/tovas/site. Table 3
shows the maximum daily rainfall depth recorded for
each location of interest in millimeter.

3. Homogeneity Check

The frequency analysis of rainfall data records is affected
by the number of records for each station; therefore car-
rying the analysis for all the records available shall give
higher confidence to the results.

However, the TRMM data should be tested first if they
can be combined to the ground data in one set. Several
tests are available to test the homogeneity of the mean
and the variance. This is described in the below sub-sec-
tions.

3.1. Homogeneity of the Mean

To test the homogeneity of the mean, several non para-
metric tests [7] are available, among them the Mann-
Whitney U [8] and Wilcoxon W [9] tests which are
equivalent. Non-parametric tests are preferred as the data
dealt with are known a-priori to be non-normal. In the
following we present the procedure of the Mann-Whitney
test as a representative of the applied test and we present
the results of both tests. Both of them confirm that there
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is no statistical evidence- to a 5% level of significance —
that there is a significant difference in the mean of the
two samples (Table 4).

In this test, two samples of size p and q are compared.
The combined dataset of size N = p + ¢ is ranked in in-
creasing order. The Mann-Whitney (M-W) test considers
the quantities V" and W in Equations (1) and (2)

(P(p2 +1) O

W=pg-V 2

V=R-

R is the sum of the ranks of the elements of the first
sample (size p) in the combined series (size N), and V'
and W are calculated from R, p, and g. V represents the
number of times an item in sample 1 follows an item in
sample 2 in the ranking. Similarly, ¥ can be computed
for sample 2 following sample 1. The M-W statistic U is
defined by the smaller of V and W.

Other non-parametric tests such as the Moses extreme
reactions [10], the Kolmogorov-Smirnov Z, the Wald-
Wolfowitz runs tests [11] are reported in Tables 5 to 7.
They all confirm that there is no statistical evidence-to a
5% level of significance-that there is a significant dif-
ference in the mean of the two samples. For details about
these tests, the reader is referred to [7].

3.2. Homogeneity of the Variance

Levene’s test [12] is an inferential statistic used to assess
the equality of variance in different samples. Levene’s
test assesses that variances of the populations, from
which different samples are drawn, are equal. It tests the
null hypothesis that the population variances are equal. If
the resulting p-value of Levene’s test is less than some
critical value (typically .05), the obtained differences in
sample variances are unlikely to have occurred based on
random sampling. Thus, the null hypothesis of equal
variances is rejected and it is concluded that there is a
difference between the variances in the population. One
advantage of Levene’s test is that it does not require

Table 1. Ground rainfall gauges coordinates.

Station Name Longitude (South) Latitude (East)

Sazaire (Soyo). 6.1167 12.3500
Ambriz 7.8667 13.0833
Quinzau 6.8500 12.7500
Landana 5.2167 12.1333
Noqui 5.8667 13.4333
Magquela do Zombo 6.0500 15.1000
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Table 2. Maximum daily rainfall depths based on ground rainfall gauges.
Sazaire (Soyo) Ambriz Quinzau Landana Noqui Magquela do Zombo
Station Name Year
maximum daily rainfall depth (mm)
1943 106.40 56.80 100.00 71.30 50.80
1944 49.00 66.70 90.00 114.00 139.10 110.20
© 1945 66.00 72.30 54.00 85.00 127.40 76.00
§ 1946 56.70 73.00 46.10 133.00 80.60 65.00
g 1947 164.00 106.00 158.50 68.20 65.00 76.00
© 1948 71.00 123.50 82.30 94.50 65.00
1949 130.00 215.00 115.00
1950 110.00 85.00
Table 3. TRMM maximum daily rainfall depth recorded in years 1998 to 2008 for locations of interest.
Station S(gé?,g; Ambriz Quinzau Landana Noqui M%cg)unﬁlsodo l\/(l:gﬁgcz)a Cuimba
Name
maximum daily rainfall depth (mm)
119.82 50.00 81.30 124.45 113.40 68.82 54.59 60.05
129.19 74.63 112.62 200.91 61.55 64.10 84.32 84.14
88.09 46.60 51.20 107.37 62.74 50.82 59.85 67.70
66.08 151.38 53.80 84.40 62.47 69.74 68.37 56.60
% 120.90 90.72 60.14 104.64 82.09 173.44 94.85 112.58
% 102.97 63.72 63.50 146.09 81.20 56.89 152.69 62.14
,n_: 55.17 79.08 85.84 138.25 81.96 169.69 93.87 84.00
75.14 49.94 56.81 151.94 69.90 109.05 108.21 83.95
62.55 46.00 57.84 109.49 101.09 73.86 86.17 89.13
69.42 59.08 71.33 74.63 276.04 59.11 119.40 131.18
51.15 72.15 48.72 62.94 49.00 61.35 85.00 53.72
Table 4. Mann-Whitney U and Wilcoxon W Statistics.
Sazaire (Soyo) Ambriz Quinzau Landana Noqui Maquela do Zombo
Mann-Whitney U 40.000 21.000 20.000 22.000 28.000 31.000
Wilcoxon W 106.000 87.000 86.000 43.000 94.000 97.000
Z -330 -.736 -1.307 —1.106 -1.321 -201
Asymp. Sig. (2-tailed) 741 462 191 .269 .186 .840
Exact Sig. [2*(1-tailed Sig.)] 778(a) .510(a) 216(a) 301(a) 206(a) 884(a)
Exact Sig. (2-tailed) 778 510 216 301 206 .864
Exact Sig. (1-tailed) 389 255 .108 151 .103 432
Point Probability .031 .034 .018 .022 .014 .019
Copyright © 2011 SciRes. ENG
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Table 5. Moses test statistics.
Sazaire (Soyo) Ambriz Quinzau Landana Noqui Mz;ll:s:jaodo A'I:,ua;l?:m
Observed Control Group Span 19 11 17 12 14 15 18
Sig. (1-tailed) 1.000 346 1.000 261 153 728 1.000
Trimmed Control Group Span 15 4 12 8 11 6 11
Sig. (1-tailed) 929 214 928 484 395 205 .648
Outliers Trimmed from each End 1 1 1 1 1 1 1
Table 6. Kolmogorov-Smirnov test statistics.
S(gz?/ig)e Ambriz Quinzau Landana Noqui M;%l:sl?odo All:’fgt?gm
Absolute 250 364 576 394 364 288 260
Most Extreme Differences  Positive 250 364 576 .091 364 288 260
Negative -.125 —.164 -.167 -394 —-.091 —.182 —-.143
Kolmogorov-Smirnov Z 538 .674 1.134 776 783 567 537
Asymp. Sig. (2-tailed) 934 754 152 583 573 904 935
Exact Sig. (2-tailed) .865 .625 .092 459 467 .808 .870
Point Probability .035 .087 .027 .065 .048 075 .041
Table 7. Wald-Wolfowitz test statistics.
Number of Runs Z Exact Sig. (1-tailed) Point Probability
Sazaire (Soyo) 11(a) .600 122 175
Ambriz 9(a) .990 846 220
Quinzau 7(a) —.698 242 133
Landana 11(a) 1.510 942 119
Noqui 9(a) -370 352 153
Magquela do Zombo 8(a) —.146 436 194
Pango Aluquem 9(a) —-.028 484 .189

normality of the underlying data. The application of Le-
vene test (Table 8) shows that for all stations (except
Quinzau) the variance of the ground data is not statisti-
cally significant (at 5% level of significance) from the
variance of the TRMM data. Since a regionalization
procedure will be used to undertake the frequency analy-
sis, the variance of a single station is not a governing
factor in the global regional analysis.

4. Regionalization Methodology
Regionalization serves two purposes. For sites where

data are not available, the analysis is based on regional
data [13]. For sites with available data, the joint use of
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data measured at a site, called at-site data, and regional
data from a number of stations in a region provides suf-
ficient information to enable a probability distribution to
be used with greater reliability. This type of analysis
represents a substitution of space for time where data
from different locations in a region are used to compen-
sate for short records at a single site [14] and [15].
Regional frequency analysis methods are based on the
assumption that the standardized variable g, = Qr/u; at
each station (7) has the same distribution at every site in
the region under consideration, where Qr is the quantile
at ¢ return period and g; is the mean of the maximum
daily rainfall record at location i. In particular C,(q) and
Cy(q), the coefficient of variation and the coefficient of
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Table 8. Independent samples Levene test.

Sazaire (Soyo) Ambriz Quinzau Landana Noqui Maguela do Zombo
F 1.698 0.574 11.648 1.391 0.712 3.541
Sig. 0.21 0.461 0.004 0.257 0.411 0.079
skewness of ¢, are considered to be constant across the Y C,
region [13]. Departures from this assumption may lead to Z U
. . . . . . J=1Y
biased quantile estimates at some sites. Sites with C, and Cp =% 1 ©)
C, nearest to the regional average may not suffer from Z—
such bias, but large, biased quantile estimates are ex- =,
pected for sites whose C, and C; deviate from average. v
Good results may be obtained by regionalization, espe- U, :n_ (6)
J

cially in cases of short records, provided that the degree
of heterogeneity is not great. In such cases, the large
number of sites contributing to parameter estimation
compensates for regional heterogeneity. We will present
hereafter the homogeneity test that checks if the stations
used in the analysis could be grouped in one hydrological
region and then the index flood method which is used as
the regionalization method. The regionalization proce-
dure is done using the Matlab code made available by
Rao and Hamed and accompanying the book “Flood
Frequency Analysis” [16].

4.1. Regional Homogeneity Check

A method of assigning homogeneous regions is geo-

graphical similarity in soil types, climate and topography.

However, geographically similar regions may not be
similar from the rainfall frequency point of view [13].
On the other hand, two sites in different regions may
prove to be similar with respect to frequency analysis,
despite the fact that they are geographically different.

Wiltshire [17] and [18] used an approach to initially
divide the entire group of catchments into two or more
groups based on one or more chosen basin characteristic
such as large and small, or wet and dry. The internal
homogeneity and mutual heterogeneity of these groups
are then expressed in terms of a flow statistic such as C,.
The process is then repeated by altering the partition
points until an acceptable set of regions has been identi-
fied.

The Wiltshire C,-based test involves the statistic S in
Equation (4).

S-S (Cvj—Cm)z 4
"2y )

In Equation (4), N is the number of sites in the region,
C, is the coefficient of variation at site j and C,, and

v

Uj, are given by Equations (5) and (6)
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In Equation (6), #; is the record length at site j and V' is
the regional variance defined in Equation (7).

1 N
V:ﬁzln/v’ @)
=

In Equation (7), v;is given by

2
"/ i "/
o =(n _1).;{(:5?1 _(;cﬁf{ J /} y®

C‘(kl in Equation (8) is the C, computed from a sample
of size (n; — 1) with the & observation removed. The
statistic S in Equation (4) has the form of a y° statistic.
S is expected to be y° distributed with (N — 1) degrees
of freedom. If the value of S exceeds the critical value of
2° (N — 1) at a particular significance level, then the hy-
pothesis that the region is homogeneous is rejected and
the region is regarded as heterogeneous. However, this
test is likely to be effective only for large regions having
large record lengths. Further developments using distri-
bution-based tests are given by [17] and [18].

The results of the Wiltshire Chi-square statistic was
found to be 4.81, which indicates (with a p-value = 0.778)
that the eight rainfall stations used could be treated as
one region.

Furthermore, the coefficient of skewness and kurtosis
are plotted for the stations used in the analysis on the
Moment ratio diagrams. For a given distribution, con-
ventional moments can be expressed as functions of the
parameters of distributions. It follows that the higher
order moments can be expressed as functions of lower
order moments. For two-parameter distributions, the mo-
ment p3 can be expressed as a unique function of y,. For

example, the coefficient of skewness (C) C, = s,/ 1°

can be expressed as a unique function of C, = z3° / .
Similarly, C, =y, / 4 of a three-parameter distribu-
tion can be expressed as a unique function of C;. The C; —
C;, moment ratio relationship for some popular three pa-
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rameter distributions are plotted in what is called the
moment ratio diagrams. C; and C;, moment ratio for the
eight stations are also plotted on the same diagram (Fig-
ure 2). It shows that both the Generalized Pareto and the
Pearson Type III distributions present adequate fits for
the eight stations. The Pearson Type III was chosen since
it is more known in rainfall frequency analysis. Further-
more, a comparison between the 100-year rainfall value
using the Pareto distribution and the Pearson Type III
distribution shows a difference of less than 5% in the
value, which is negligible for this relatively high return
period.

4.2. Index Flood Method for Regionalization

Many types of regionalization procedures are available
[13] and [19]. One of the simplest procedures, which has
been used for a long time, is the index flood method [20].
The key assumption in the index flood method is that the
distribution of the variable of interest at different sites in
a region is the same except for a scale or index flood
parameter, which reflects rainfall and runoff characteris-
tics of each region. The index flood parameter may be
the mean of the maximum annual rainfall, although any
location parameter of the frequency distribution may be
used [21]. In this case, regional quantile estimates QT
at a given site for a given return period T can be obtained
as in Equation (9), where ¢, is the quantile estimate
from the regional distribution for the given return period,
and g, is the mean of the maximum annual rainfall at
the site.

Or = 14y &)
The regional distribution parameters are obtained by
using the regional weighted average of dimensionless
moments obtained by using the dimensionless rescaled
data ¢, =0, / £, . The joint use of at-site and regional
data is advisable, provided that a reasonably homogene-
ous region can be identified. The data at a site may be
used when the record at a station is exceptionally long, or
when regional data are not available, or when this site
departs somehow from the regional trend.

5. Regionalization Results and Discussion

The fitting of the Pearson Type III distribution to all data
using both at site information as well as regional infor-
mation is shown by Figure 3. It shows that only for three
stations (Maquela de Zombo, Noqui and Quinzau) the
at-site curve fits the observed data better. This is shown
by the closer fit of the at-site blue curve compared to the
regional red curve (Figure 3). However, for Noqui sta-
tion, the 300 mm rainfall value in one day is departing
from the global pattern of daily rainfall. Thus, the re-

Copyright © 2011 SciRes.
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Figure 2. Moment Diagrams Showing the Eight (8) Stations
Used in the Analysis.

gional estimate, although lower, seems a more reason-
able value. Table 9 shows the regional and at-site Pear-
son type III distribution fittings for 5-, 10-, 25-, 50-, 100-,
and 200-year return periods. The values in bold charac-
ters are the ones adopted for further analysis. A closer
look at the bold values show that the 100-year estimates
tend to group geographically in four regions as follows:
Landana—Noqui, M Banza Congo, Sazaire (Soyo)-Am-
briz—Quinzau, and Maquela de Zombo—Cuimba. This
zoning—shown in Figure 1-is undertaken to add more
robustness to the values adopted for design.

In the coastal region, The Landana—Noqui axis exhib-
its the highest rainfall with an average 100-year estimate
of 267 mm. The Sazaire (Soyo)—-Ambriz axis comes last,
with low estimate at Ambriz and relatively higher at
Quinzau and average at Sazaire (Soyo).

In the mountainous region, M Banza Congo location
reveals higher rainfall than Cuimba and Maquela de
Zombo stations. This could be explained by the digital
elevation model which reveals that the elevations of
Cuimba, Maquela de Zombo and M Banza Congo are
532, 877 and 1000 m, respectively. Furthermore, the
Magquela de Zombo station is higher than Cuimba; how-
ever it is in the shade of the mountain while Cuimba is in
the bottom of the mountain facing the prevailing winds.
This might elucidate the reason why Cuimba and Ma-
quela de Zombo experience similar extreme events al-
though there is a difference of elevation between them.
Based on the above M Banza Congo is considered in a
separate region while as Maquela de Zombo and Cuimba
are considered similar and nearly equal to the Sazaire
(Soyo)-Quinzau axis. As such, all catchments discharge-
ing to the ocean in the stretch between Sazaire (Soyo)
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Table 9. Regional and at-site Pearson type 111 distribution fittings.
Return Regional At-site Obs. Regional At-site Obs. Regional At-site Obs.
Period Sazaire (Soyo) Ambriz Quinzau
5 129.31 129.83 136.62 105.01 100.91 97.25 122.05 128.09 132.18
10 154.11 149.06 146.9 125.14 119.98 135.16 145.46 160.65 191.87
25 185.16 171.22 NaN 150.36 144.79 NaN 174.76 202.88 NaN
50 207.92 186.48 NaN 168.84 163.48 NaN 196.24 234.64 NaN
100 230.32 200.85 NaN 187.02 182.21 NaN 217.38 266.4 NaN
200 252.47 214.53 NaN 205.01 201.02 NaN 238.29 298.27 NaN
Landana Noqui Maquela do Zombo
5 161.08 155.82 159.77 138.91 136.41 129.95 119.46 120.45 123.75
10 191.98 177.61 182.76 165.56 175.62 157.18 142.37 147.04 192.6
25 230.65 203.37 NaN 198.91 230.7 NaN 171.05 181.37 NaN
50 259.01 221.43 NaN 223.36 274.45 NaN 192.08 207.11 NaN
100 286.9 238.65 NaN 247.42 319.79 NaN 212.77 232.81 NaN
200 314.5 255.23 NaN 271.22 366.59 NaN 233.24 258.54 NaN
M Banza Congo Cuimba

5 132.85 127.14 129.86 116.74 111.27 116.62

10 158.33 143.75 165.02 139.13 125.98 144.03

25 190.23 163.27 NaN 167.16 143.41 NaN

50 213.61 176.89 NaN 187.71 155.65 NaN

100 236.62 189.84 NaN 207.93 167.33 NaN
200 259.38 202.27 NaN 227.93 178.59 NaN

Table 10. Adopted daily rainfall values for each zone.

Return Period

Landana-Cabinda-Noqui

M Banza Congo

Magquela de Zombo-Cuimba

Sazaire (Soyo)-Ambriz-Quinzau

S-y 161.75 133.65 124.5248 129.85
10-y 191.68 161.52 150.2393 153.88
25-y 228.61 197.03 182.9783 183.52
50-y 255.4 223.4 207.2805 205.03
100-y 281.56 249.56 231.3885 226.03
Table 11. Ratios between 24-Hr duration and other storm duration intensities.
Storm Duration (min) 5 10 20 30 60 120 180 360 720 1440
Bell’s ratios 0.13 0.2 0.28 0.34 0.44 0.57 0.63 0.75 0.88 1
Copyright © 2011 SciRes. ENG
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Figure 4. Intensity Duration Frequency Curves for. (a) Landana-Cabinda-Noqui; (b) M Banza Congo; (c) Sazaire (Soyo)-
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and Ambriz are considered to follow the same rainfall
pattern because of the similarity between the coastal zone
(represented by Sazaire—Ambriz axis) and the moun-
tainous region (represented by Maquela de Zombo-—
Cuimba zone). The high values depicted in M Banza
Congo are only representative of the very high mountain
where M Banza Congo is. To calculate the adopted val-
ues of daily rainfall at different return periods, a weighted
average of the rainfall estimates of Table 9 (based on the
length of rainfall record at each location) are calculated
for each region. The adopted values are shown in Table
10.

6. Intensity Duration Frequency Curves
Development

A theoretical ratio of 1.13 to 1.14 is adopted between daily
and 24-hr rainfall values [22]. In the absence of short
duration records or any similar information, ratios that
could be assumed between intensities of the 24-hr and
those of the 12-, 6-, 3-, 2-, 1-Hr, 30-, 15-, and 5-min ra-
tios (refer to Table 11) were first proposed from dura-
tions of 2-hr to 5-min by Bell [5] based on studies in the
USA, and extended by the Soil Conservation Service of
the USA through their SCS type II dimensionless rainfall
curve [6]. Using The TRMM data from 3 hours and to 24
hours, we were able to confirm Bell/SCS type II ratios
from 3 hours to 24 hours. It is well known that durations
from 2 hours to 5 minutes are fairly constant in different
climates because of the similarity of convective storms
patterns ([5], [23] and references therein).

Based on Tables 10 and 11 and the 24-hour rainfall
depths at different return periods, the intensity-duration
rainfall values are calculated. IDF curves for return pe-
riods of 100-, 50-, 25-, 20-, 10-, and 5-year are shown for
the 4 above mentioned zones (Figure 4).

7. Conclusions

This research presents a methodology to overcome the
lack of ground station rainfall data by the joint use of the
available ground data with TRMM satellite data to de-
velop Intensity Duration Frequency (IDF) curves. Ho-
mogeneity of the means and variances are first checked
for both types of data. The study zone is verified as being
a homogeneous region with respect to frequency analysis
using the Wiltshire test. An Index Flood procedure is
adopted to generate the theoretical regional distribution
equation and the rainfall values at different return peri-
ods are calculated for all locations of interest. Regional
coherence is identified and used to derive robust rainfall
estimates. TRMM data from 3 hours to 24 hours are
found consistent with Bell/SCS type II ratios and the

Copyright © 2011 SciRes.

Bell/SCS type II are used to develop ratios between
24-hr rainfall depth and shorter duration depths. The re-
gional patterns along with the developed ratios are used
to develop regional IDF curves.
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