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Abstract: In fields such as hydrology, meteorology, and civil engineering, the study of extreme
precipitation events is useful to prevent rainfall related disasters. A widely-used practice to address
such a problem is by using statistical inferences about precipitation intensity, duration and frequency
(IDF). Despite of its great usefulness, the selection of the adequate data and methodology to char-
acterize precipitation’s IDF in the urban area of high-altitude Andean cities remains an open issue
for practitioners and decision makers. In this sense, the present paper develops an approach to
schematically build the IDF curves for a sub-basin of the study case Andean city, Quito–Ecuador.
The here-used data holds information from 12 meteorological stations. Then, the IDF curves are
obtained by using both a parametrization followed by a Gamma distribution and a 3-parameter
cumulative distribution function, also called mnp. Finally, the curve-fitting process is estimated
numerically by adjusting the Sherman equation. Results (average R2 = 0.9) demonstrated that the
framework is well-suited for the high-altitude regime. As a noticeable outcome, a novel spatial
interpolation-based analysis is introduced, which enabled the identification of extreme rainfall events
according to its duration.

Keywords: Andean region; cumulative distribution function (CDF); IDF curves; rainfall intensity;
rainfall zonification; Sherman equation

1. Introduction

Precipitation is one of the most relevant atmospheric variables for humans, for elec-
trical energy generation, risk management, agriculture and planning of outdoor events.
Every year, thousands of people are put at risk because of extreme weather events [1].
For example, floods can trigger infectious disease outbreaks and damage public and private
infrastructure [1].
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In general, when modeling extreme environmental events, like precipitation, it is
often desired to understand their behavior over a region. In that matter, modeling the
rainfall regime and knowing the distribution in the time span of intense storms serves
of great purpose for designing and operating projects related to meteorology, hydrology,
civil engineering, among others [2]. Therefore, practitioners around the world rely on
Intensity-Duration-Frequency (IDF) curves, by using them as a graphical representation
of the underlying mathematical relationship among precipitation intensity, its duration
and observed frequency, for example [3–7]. Other studies have focused on developing
IDF curves under different circumstances as climate change, heavy storms or urban ap-
plications [8–10]. Also, some works have studied the IDF curves using different types of
information such as downscaled in situ data, daily and subdaily records and high resolu-
tion radar-based precipitation [11–13]. The use of IDF curves is so extensive that even in
developing countries of South America, like Ecuador [14,15], they have become a key tool
for decision makers [15–18].

Certainly, several studies have reported that Gumbel and Generalized Extremes Values
distributions are commonly used, but none of the reviewed articles has explored the
3-parameter mnp methodology in South America. In this context, this work considers an
approach to implement the IDF curves using a suitable cumulative distribution function
(CDF) seen as the improvement of the Gamma probability function. The presented approach
is based on the so-named 3-parameter mnp CDF introduced in [19–21] that allows to
improve results associated to most extreme rainfall events, usually derived from the tail of
density functions. As the standard mnp CDF has been used over the western Mediterranean
area (in the low altitude city of Barcelona), the effort of the present study is to prove that it
can also be fitted to the Andean conditions, in this case the high altitude mountain system
of Quito, Ecuador.

To do so, the presented approach includes the following main 5 stages: (1) data
cleaning and resizing, when needed; (2) maximum recorded rainfall events extraction;
(3) selection of a statistical distribution for the maximum recorded rainfall events according
to Akaike Information Criterion and the Bayesian Information Criterion; (4) IDF equations
obtaining trough the Sherman equation and readjusting using the mnp CDF; and (5) plotting
of the accumulated rainfall obtained by the IDF curves onto a spatial interpolation and
several extreme precipitation events are discussed. Experiments were carried out over
a high volume of information retrieved from Empresa Pública Metropolitana de Agua
Potable y Saneamiento de Quito (EPMAPS) [22] and Secretaría de Ambiente del Distrito
Metropolitano de Quito (SADMQ) [23] .

As remarkable results, meaningful insights and findings are accomplished by using the
intensity values obtained from applying the mnp readjustment as the input to a novel spatial
interpolation-based analysis to characterize rainfall intensity according to its duration.
Furthermore, it is experimentally demonstrated that the obtained IDF equations are robust
enough to properly describe extreme rainfall events representative of the Andean region.

The rest of the article is organized as follows. Section 2 describes the geographical
and meteorological characteristics of the studied area. Section 3 presents the data used.
Section 4 explains the data preprocessing techniques, the procedure for building IDF curves,
the evaluation and the spatial interpolation technique. In Section 5, the yielded IDF curves
and their error performance are presented. Additional results such as the processed data
and interpolated maps are also shown. In Section 6, several extreme precipitation events are
analyzed through the IDF curves. Finally, Section 7 states the conclusion and future works.

2. Study Area

Ecuador, due to its geographical position, has a very particular climate. The behavior
of atmospheric weather in the country seems affected by the influence of the intertropical
convergence zone. The Andes mountain range causes an interruption in the atmospheric
circulation, resulting in a variety of mesoscale phenomena as well as very marked climatic
conditions in short distances [24]. The geomorphology of the Metropolitan District of Quito
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(DMQ) was formed in the Eocene when the sea withdrew, the Eastern Cordillera of the
Andes began to appear and through orogenic movements folding, metamorphism and
uplift of the mountain range were produced. At the same time erosive stages modeling
landscapes were ongoing [25]. Subsequently, the Western Cordillera emerged, and erosive
processes that have modeled the landscape throughout geological history took place [26].
The predominant geomorphology in Quito city is mountainous with volcanic reliefs, lava
flows, plains of volcanic deposits and very high mountain reliefs [27].

The El Batán sub-basin, Figure 1, is located on the eastern flank of the Pichincha
volcano, at coordinates 0◦10′20.85′′ S latitude and 78◦29′59.68′′ W longitude. For the
present study 12 stations have been used, covering more than 56.06 km2 contained in the
study area.
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Figure 1. Topographical boundary of the study area: Quito-Ecuador, El Batán sub-basin.

The zone is mountainous with an average height of 3049.8 m above sea level (m.a.s.l.),
in the high zone it reaches 4555 m.a.s.l. and in the lowest part of the city it oscillates between
2600 m.a.s.l. Furthermore, the temperature ranges between 1.5 and 22 degrees Celsius in the
urban area of the basin. This sub-basin has 21.1% mean slope and is characterized by steep
slopes. The average annual rainfall in the basin is 1185 mm, while the monthly average
ranges between 25 and 175 mm, being April the wettest month with rainfall above 180 mm
and August the driest month with just 25 mm. The average humidity of the sub-basin is
80%, with April being the wettest, and August the driest months, which is consistent with
the bimodal distribution of rainfall, Figure 2.
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Figure 2. Multi-year monthly rainfall of each station (bluish) and Multi-year monthly mean rainfall
(red) of El Batán sub-basin.

3. Data

Rainfall data density in Ecuador’s capital, Quito, has increased over the last 20 years,
thanks to the strengthening of local meteorological monitoring networks of Empresa
Pública Metropolitana de Agua Potable y Saneamiento de Quito (EPMAPS) [22,28], Secretaría
de Ambiente del Distrito Metropolitano de Quito (SADMQ) [23] and the already existing
information of Instituto Nacional de Meteorología e Hidrología (INAMHI) [29]. Rainfall data
was retrieved from two sources: EPMAPS (5-min timestamp) and SADMQ) (10-min timestamp).
The latter undergoes a frequency reduction explained in Algorithm 1. Table 1 presents a
general statistical overview of the datasets.

Table 1. Statistical description of raw data from EPMAPS and SADMQ, including the total amount of
non-null samples, mean, standard deviation maximum values, and the the 99th percentile (PCTL)
for values greater than zero.

Samples P09 P11 P12 P03 C02 C05 P27 P28 P08 C04 E3 E4

Count 1,990,857 1,935,434 1,940,010 1,957,995 1,840,723 1,993,251 1,726,967 1,844,597 2,035,963 1,839,566 1,296,022 1,217,532
Mean 0.009 0.012 0.01 0.01 0.009 0.009 0.013 0.014 0.012 0.012 0.01 0.005
STD 0.093 0.101 0.104 0.095 0.087 0.094 0.114 0.103 0.113 0.109 0.109 0.06
99th PCTL 2.3 2.2 2.5 2.3 2 2.4 2.64 2 2.7 2.4 2.55 1.7
Max 10.3 7.6 8.6 10.1 7.1 9.7 10.2 8.64 9.12 9.1 10 8.2

Data Preprocessing

The preprocessing methodology aims at improving the quality of the data used to
build the IDF curves and therefore its results. Accordingly, collected data was submitted to
statistical validation and computational manipulation before being fed to the IDF curves.
That is, extremely high isolated, inconsistent and negative records were deleted by identify-
ing if their quantity could be possible given weather conditions at its time of capture [30].
Then, records where it was identified that the pluviometers received maintenance were
removed. Finally, in order to have records with five minutes frequency in all samples,
SADMQ data is downscaled. The process, detailed in Algorithm 1, is achieved by calculating
the accumulated rainfall curve P, from the rainfall time series p = (p1, . . . , pi, . . . , pN)

>

with frequency of ten minutes as
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P =

(
p1,

2

∑
i=1

pi,
3

∑
i=1

pi, . . . ,
N

∑
i=1

pi

)>
, where PN =

N

∑
i=1

pi. (1)

Then, the intermediate accumulated rainfall p′ and decumalating series p′ is calcu-
lated as

P′ =
(

P1

2
, P1,

P1 + P2

2
, P2, . . . ,

PN−1 + PN
2

, PN

)>
, (2)

p′ =
(

P′1, . . . , P′N−1 − P′N−2, P′N − P′N−1

)>
, (3)

Algorithm 1: Frequency reduction

1
Input: Rainfall time series p = (p1, . . . , pi, . . . , pN)

>

with frequency of ten minutes.

1: From the original rainfall records, calculate the accumulated rainfall curve
using Equation (1).

2: Calculate the average between consecutive records, as shown in Equation (2),
and save it as the intermediate accumulated rainfall, which can be seen as a series of
accumulated rainfall data with frequency of five minutes.

3: Decumulate the data and obtain a rainfall series every 5 min, using Equation (3).

Output: Rainfall time series p′ = (p′1, . . . , p′i, . . . , p′2N)
> with a frequency

of five minutes.

Once a clean dataset is achieved, as suggested in [20], events of duration

D = (t0, . . . , td, . . . , t25)
>,

D = D1 ∪D2,
(4)

are calculated, where D1 = {5, 10, 15, . . . , 75}min and D2 = {2, 4, 6, 9, 12, 14, 16, 18, 20, 22,
24} h. As explained in Algorithm 2, given a rainfall time series p = (p1, . . . , pj, . . . , pN)

>,
each event is a rain episode temporarily separated from the rest by a lapse greater than the
time interval under consideration td. That is, for a new event of duration td the accumulated
rainfall is attractively calculated as:

acum =
step=j+d

∑
step=j

pstep (5)

and it is is counted as a unique event if it has the at least the same amount of consecutive zero
values (0 mm

min ) of rainfall before the start of the next rainfall event, which is represented as

step=j+1+d+d

∑
step=j+1+d

pstep = 0.0. (6)

In the case where two or more events are separated by a time shorter than the interval
being studied, they are treated as two or more integral parts of a single event. This events
and the maximum recorded data are used as the input for the following sections.
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Algorithm 2: Sliding window algorithm for capturing maximum rainfall events

1
Input: Rainfall time series p = (p1, . . . , pj, . . . , pN)

> and the desired
duration D = (t0, . . . , td, . . . , t25)

>

1: Find rainfall values greater than zero as start = pj > 0.0.

2: Calculate the accumulated rainfall of current event with Equation (5).
3: Calculate the separation with respect to following event using Equation (6).

4: While separation is not accomplished, store pj as part of the event.

5: Find the maximum accumulated rainfall from each event.

6: Store the maximum accumulated rainfall for each duration td.

Output: Maximum rainfall events-

Figure 3, shows that events A (blue) and B (red) are both considered as single indepen-
dent events of 50 min. Notice how the time interval separating each other is greater than
the duration (tj = 50 min) under consideration.
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Figure 3. Example of two different events from station P28. Definitions and procedures from
Algorithm 2 allows us to automatically capture events of different duration.

4. Methodology

The proposed methodology is presented as an alternative for building IDF curves in a
high mountain ecosystem, Figure 4. The goal of this approach is to harness the statistical
characteristics of grouped rainfall events to better generalize the IDF curves. At the same
time, by using the mnp distribution, this approach seeks to yield better results for tailed data.

4.1. Distribution Functions and IDF Curves Construction
4.1.1. Statistical Distribution Selection and Parametrization

The best-fitted distribution function is selected through Akaike Information Criterion
(AIC) [31] and the Bayesian Information Criterion (BIC) [32], by comparing the 28 distribu-
tion functions available in the R package univariateML [33].
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Figure 4. General overview of the methodolgy.

For each duration td, the time series of maximum recorded rainfall obtained from
Algorithm 2 are used to calculate the CDF through the Gamma distribution. Then, In order
to obtain the required parameters to fit the probability density function, the time series is
fitted as:

f (x) =

{
λ(λx)k−1

Γ(k) e−λx if x ≥ 0,
0 otherwise,

(7)

where the gamma function is

Γ(k) =
∫ ∞

0
tk−1e−tdt, (8)

such that λ and k are the scale and shape parameters, both obtained from the mean m and
the standard deviation σ, according to equations:

m =
k
λ

, σ2 =
k

λ2 . (9)

Under those circumstances, the probability density function of the Gamma distribution
is calculated as:

f (x) = αxβe−λx, (10)

where

α =
Pmaxλk

Γ(k)[1 + 3.32 · log10(E)]
, β = k− 1, E = number of events for each td, (11)

which are derived using the scale and shape parameter obtained from Equation (10) ap-
proximation.

4.1.2. IDF Fit

Considering each duration td and return periods T = {3, 5, 10, 15, 20, 25, 30, 50} years,
the CDF is solved for the rainfall amount (x), using the Newton-Raphson approximation
of package [34] as:

T =
N

E
(

1− F(x)
) ,

F(x) = 1− N
TE

,

(12)
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where N is the number of years of information in each station.
Then, in order to obtain the IDF curves, the Sherman equation [35] is used as:

I(td) =
a

(td + b)c . (13)

Following the approach in [20], parameter a has a logarithmic behavior with respect
to the return period T, therefore a is rewritten as a = ln(T) + B. To finally obtain the IDF
values, Equation (13) is fitted by solving the non-linear Equation (10) iteratively trough
least squares method of [36] to find a, b, c.

4.1.3. The mnp Readjustment for Extreme Events Correction

IDF equations obtained from Section 4.1.1 underestimates values for short durations.
To overcome such an issue, ref. [21] suggested using an adaptation of the Gamma probabil-
ity, the so-called mnp CDF, Equation (14), taking into account only a data sample of return
period greater than 1 year.

F(x) ≈ G(x) = 1−mxne−px, (14)

where the m, n, p coefficients are found by the least square method. At last, the definitive
IDF curve is constructed by repeating Equation (13).

4.2. Evaluation

In order to evaluate the estimated maximum accumulated rainfall p̂max(td) versus
the maximum rainfall recorded pmax(td) for a return period T = 20, the coefficients Mean
Absolut Error (MAE), Root Mean Square Error (RMSE), Nash−Sutcliffe model efficiency
coefficient (NSE), Mean Absolute Percentage Error (MAPE) and Pearson R2 are calculated
using [37]. The performance measures were chosen as suggested by [38,39].

Also, to grasp a visual idea of the goodness of fit obtained by the IDF curves, the maxi-
mum recorded rainfall for each td in T = 20 years is compared to the rainfall estimated by
the IDF curves and the mnp approximation.

4.3. Interpolation

In order to analyze rainfall events from a spatial perspective, the accumulated rainfall
data obtained from IDF curves of the 12 rain gauge stations was interpolated [40–43].
From these 26 rain-duration records, interpolation was performed using 1-km resolution
raster datasets adapted to an effective regionalization protocol tested on poorly gauged
regions and mountainous areas [40–43]. Selected method was Inverse Distance Weighting
(IDW) without altitude correction, parametrized using a jack-knife technique [44] to select
the exponent and gauge neighbors.

5. Results

Although the methodology was applied for all the stations, we have chosen to display
detailed results for station P09—Iñaquito INAMHI (EPMAPS). In the case of frequency
reduction, results for station E3-Belisario (SADMQ) are shown.

5.1. Data Preprocessing

Figure 5 displays the difference between raw and validated data. Frequency reduc-
tion process is shown in Figure 6. It can be observed that the rainfall storm behavior is
not altered.

Captured events from station P09-Iñaquito INAMHI, are shown in Table 2.
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(a) Raw records. (b) Validated records.

Figure 5. Records before and after of data validation, Station P09. Extremely high isolated records
were eliminated.
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(b) Accumulated rainfall curve, Step 1 Algorithm 1

Figure 6. Example of frequency reduction from 10 to 5 min, in station Belisario SADMQ.

Table 2. Captured events: station P09-Iñaquito INAMHI.

Duration
[min.]

E
[Number of Events]

Max
[mm.]

Mean
[mm.]

Standard
Deviation

5 20,470 10.3 0.2623 0.5336
10 14,106 20.2 0.4791 1.0667
15 11,536 27.3 0.6848 1.5079
20 10,073 31.6 0.8727 1.8778
25 9138 34.1 1.0394 2.1902
30 8443 35.6 1.1877 2.4603
35 7903 40.2 1.3212 2.6935
40 7498 42.8 1.4448 2.8962
45 7163 43.2 1.5534 3.0658
50 6907 43.4 1.6534 3.2138
55 6684 43.9 1.7424 3.3466
60 6425 44.3 1.8457 3.4829
65 6251 44.4 1.9286 3.5985
70 6095 44.5 2.0015 3.7012
75 5952 45.8 2.0713 3.7954
120 5025 60.8 2.6227 4.5085
240 3888 66.3 3.6254 5.6186
360 3289 66.4 4.3987 6.3900
540 2640 67.8 5.2310 7.2511
720 2164 73.9 6.0195 8.0285
840 1958 74 6.4143 8.4635
960 1778 74 6.7807 8.8716

1080 1624 74 7.1826 9.3408
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Table 2. Cont.

Duration
[min.]

E
[Number of Events]

Max
[mm.]

Mean
[mm.]

Standard
Deviation

1200 1511 74 7.5331 9.7840
1320 1365 74.1 8.1012 10.4412
1440 1230 74.3 8.8395 11.2411

5.2. Distribution Functions and IDF Curves Construction
5.2.1. Statistical distribution selection and parametrization

As expected from similar works [13], the strong theoretical foundations of BIC and
AIC criterions to properly select statistical models are mirrored in Figure 7a,b. For each
duration td, the best model is the one with the lowest values, that is the Gamma Inverse
and Gamma Figure 7a,b.
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Figure 7. BIC and AIC information criteria of P28-Cruz Loma.

The values for the scale and shape parameters for each td are shown in Table 3.

Table 3. Fitting parameters of the Gamma distribution for every duration td.

Duration
(min) k λ

5 0.2417 0.9213
10 0.2017 0.4211
15 0.2062 0.3012
20 0.2160 0.2475
25 0.2252 0.2167
30 0.2331 0.1962
35 0.2406 0.1821
40 0.2489 0.1723
45 0.2567 0.1653
50 0.2647 0.1601
55 0.2711 0.1556
60 0.2808 0.1521
65 0.2872 0.1489
70 0.2924 0.1461
75 0.2978 0.1438

120 0.3384 0.1290
240 0.4163 0.1148
360 0.4739 0.1077
540 0.5204 0.0995
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Table 3. Cont.

Duration
(min) k λ

720 0.5621 0.0934
840 0.5744 0.0895
960 0.5842 0.0862

1080 0.5913 0.0823
1200 0.5928 0.0787
1320 0.6020 0.0743
1440 0.6184 0.0700

5.2.2. IDF Fit & the mnp Readjustment for Extreme Events Correction

In Figure 8, an example of the resulting IDF curve for two return periods, obtained
by applying the Gamma and mnp distribution is shown. The IDF curves are presented in
Appendix A.1.
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Figure 8. Comparison of IDF curves fitting Gamma and mnp distribution.

5.3. Evaluation

Regarding the error metrics, Table 4 shows that:

[1.95 <MAE < 6.99] mm, and MAE = 3.36 mm,

[3.21 <RMSE < 9.12] mm, and RMSE = 4.56 mm.
(15)

Thus, in the worst case RMSE = 9.12 mm, which is justified given that data is not
normally distributed [45]. In general terms, both metrics suggest that the model is robust.
Naturally, MAE ≤ RMSE ≤ n

1
2 holds. On the other according to [38], there is an excellent

fit between simulations and observations, given that:

[0.84 <NSE < 0.98] and NSE = 0.93. (16)

Although, there might exist a slight underestimation of the IDF curves:

[0.0238 <MAPE < 0.1384]% and MAPE = 0.0592%. (17)

Furthermore, the average of the determination coefficient R2 = 0.96 is considered.
Notice that R2 > 0.9 for all stations, pointing out that the proposed fit has a high degree of
collinearity [38].
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Table 4. Error metrics of the maximum recorded rainfall pmax(td) recorded at different durations,
with respect to the estimated rainfall p̂max(td) of the IDF curves at T = 20 years.

Station Code MAE RMSE NSE MAPE R2

C02 2.8161 4.0359 0.9465 0.0336 0.9634
C04 2.1601 3.2093 0.9789 0.0580 0.9809
C05 4.0822 4.8267 0.9019 0.0240 0.9231
P03 3.7254 6.8351 0.8812 0.0325 0.9128
P08 1.9533 3.3155 0.9700 0.0238 0.9757
P09 2.9906 3.6563 0.9620 0.0502 0.9852
P11 2.2183 3.2757 0.9837 0.0548 0.9909
P12 6.9881 9.1153 0.8908 0.0724 0.9446
P27 2.6436 3.3288 0.9749 0.0279 0.9776
P28 3.6275 4.4120 0.9524 0.1384 0.9692
E3 3.8009 4.6277 0.9130 0.0889 0.9182
E4 3.3063 4.1126 0.8370 0.1060 0.9410

Average 3.3594 4.5626 0.9327 0.0592 0.9569

The visual evaluation of maximum recorded rainfall, IDF curve and mnp approxima-
tion for each td in T = 20 years, shows that in general there are not anomalies in the fit,
Figure 9.
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Figure 9. Maximum recorded rainfall at several td, accumulated rainfall obtained through mnp
function and the estimated rainfall of the IDFs at T = 20 years.

5.4. Spatial Interpolation

Figure 10a shows that the greatest amount of rain occurs in the low altitude areas of
the studied sub-basin, while in the high altitude zone the rainfall is less intense–Reinforcing
the ideas explained in [42]. This pattern is repeated for events with durations td ≤ 120 min.
Additionally, it could be suggested that in the lower part of the basin, the generation of
convective rainfall is more favorable, since events of shorter duration and greater intensity
are more common.

In contrast, Figure 10b shows that the greatest amount of rainfall occurs in the higher
altitude areas (close to 4000 m.a.s.l.) of the studied sub-basin, while in the lower areas the
rainfall is as intense. This pattern is repeated for events with durations td ≥ 360 min. Also,
it could be suggested that in the high altitude zone of the basin, rainfall is formed trough
contact between humidity and the surface. Additionally, at higher altitudes temperature
decreases, favoring condensation and therefore low-intensity but long-lasting rain.
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Figure 10. Spatial interpolation of rainfall events in El Batán Sub-basin (a) With duration D = 30 min
and (b) With duration D = 1440 min and return period T = 20.

6. Discussion

The purpose of this study was to build the IDF curves for a sub-basin of the Andean
city of Quito, Ecuador. Even though the mnp readjustment was first introduced in a low
altitude area, the present study proved it well-suited to build the IDF of 12 rain gauged
stations in a high-altitude region. The fact that it properly worked under very different
conditions, makes it a high quality contender when choosing a methodology to build IDF
curves. Therefore, in order to asses the methodology’s scope, which could be replicated
along the Andean region, the discussion is developed into three subsections. First, IDF
curves are compared with local works developed in 2019 [15] and 1996 [14]. Then, using
IDF curve as the main tool of analysis, two cases of extreme rainfall events are studied:
a grade separation (underpass) flood that occurred in the north of Quito and a landslide in
the neighborhood of La Gasca.

6.1. IDF Curves Comparison

Although there are many rain gauge stations to choose from, only P09—Iñaquito
INAMHI (managed by EPMAPS ) and M0024-INAMHI (managed by INAMHI) are shared
among previous works. Nevertheless, this comparison makes the perfect fit since they are
physically located in the same building.

In particular, Figure 11 shows that when analyzing short duration events, from 5
to 30 min, in T = [5, 10, 20, 50] years, IDF’s curves from this study resulted in lower
intensity values compared to results performed in previous studies. For instance, an event
of 120 mm/h in 5 min would have corresponded to T = 5 years, while using the here-
obtained IDF curve, it would correspond to T = 16.9 years.

Additionally, statistics presented in Table 5 suggest that the equation obtained in this
study is the best fit when compared to the previous studies.

Table 5. Error metrics of the maximum recorded rainfall pmax(td) recorded at different durations,
with respect to the estimated rainfall p̂max(td) of the IDF curves at T = 20 years.

Station MAE RMSE NSE MAPE R2

P09-2022 1 2.9906 3.6563 0.9620 0.0502 0.9852
P09-1996 2 9.2461 14.1971 0.9049 0.1679 0.9343

M0024-2019 3 7.1453 9.7829 0.9548 0.1310 0.9600

Notes: 1 Results from this work. 2 Equation [14]. 3 Equation [15].
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Figure 11. Comparisson of IDF curves, Iñaquito INAMHI.

6.2. Grade Separation (Underpass) Flood in the North of Quito

On 24 April 2017, an intense rainfall event generated the flooding of several grade sep-
aration structures, leaving vehicles trapped. The event was broadcasted by local media [46].
According to the hyetogram in Figure 12, first rainfall data was recorded by station E3
Belisario at 13h35 (UTC-5). Then, it extended to nearby stations that recorded information
at approximately 1:45 p.m. The maximum recorded accumulated rainfall was 59 mm in
50 min. Figure 12 shows the consistency of the records since the hyetograms of the different
stations have the same structure.
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Figure 12. Hyetograms with 5-min record frequency of stations E3 Belisario, P08 Rumipamba
Bodegas, P09 Iñaquito INAMHI, for the event of 24 April 2017.
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According to IDF equation of E3 Belisario in Table A1, it corresponds to an event with
T = 25 years. As expected, the recorded data clearly agrees with the IDF curves interpolation
for all td ≤ 120 min, Figure 10a. On the other hand, given the duration, it could be suggested
that due to the amount of rain and intensity, it was produced by a deep convection event
associated with a cloud of great vertical development type cumulonimbus [47].

6.3. La Gasca Lanslide

Obtained results allowed us to characterize events such as the so-called “Aluvión de La
Gasca”, which occurred on 31 January 2022, which was widely covered by the press [48–50].
In particular, station P28 Cruz Loma located within the study sub-basin, in the upper zone
accumulated 75.1 mm in approximately 22 h of continuous rain.

According to Table A1, the equation for station P28 Cruz Loma, such rainfall cor-
responds to an event with a return period of approximately 16 years. As expected,
the recorded data clearly agrees with the IDF curves interpolation for all td ≥ 360 min,
Figure 10b. In general, this event might be associated with mesoscale convective systems
(MCSs), characterized by highly variable intensity and several hours of duration.

7. Conclusions

In this study, rainfall has been modeled trough mathematical functions relating its
intensity, duration and frequency of occurrence (IDF curves). It has been proved that using
the Gamma distribution function, the Sherman equation and the mnp CDF readjustment
for extreme precipitation events is of great usefulness in a high-altitude sub-basin charac-
terization. The obtained IDF curves exhibited robustness among error metrics as well as a
high degree of collinearity, outperforming previous works. Equally important, by using
the obtained IDF equations as the main tool of analysis, several extreme rainfall events
were successfully explained. Likewise, by using the rainfall approximation obtained by the
IDF equations, a novel spatial interpolation-based analysis enabled a better understanding
of the distribution of rainfall at different altitudes according to its duration. A variety of
future works might emerge from this study. For instance, captured rainfall events could
lead to cluster analysis and data-based forecasting models, meanwhile IDF curves are key
to hyetographs, design storms, climate change analysis and even prevention of rainfall
related disasters.
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Abbreviations
The following abbreviations are used in this manuscript:

Term Description

EPMAPS
Empresa Pública Metropolitana de Agua Potable y Saneamiento del Distrito
Metropolitano de Quito

SADMQ Secretaría de Ambiente del Distrito Metropolitano de Quito
ECAP Estación Científica Agua y Páramo
FONAG Fondo para la Protección del Agua
AIC Akaike Information Criterion
BIC Bayesian Information Criterion
IDF Intensity-Duration-Frequency
IDW Inverse Distance Weighting
MAE Mean Absolute Error
MAPE Mean Absolute Percentage Error
RMSE Root Mean Square Error
NSE Nash-Sutcliffe model efficiency coefficient
PBIAS Percent Bias

Appendix A

Appendix A.1

Table A1. IDF Equations for stations located in El Batán Sub-basin.

Station Name Code Institution IDF Equation (mm/min)

Rumihurco C02 EPMAPS I(t, T) = 3.4156 ln T+12.3366
(23.2947+t)0.8458

Rumipamba C04 EPMAPS I(t, T) = 2.3179 ln T+12.8988
(13.1224+t)0.8090

Bellavista C05 EPMAPS I(t, T) = 3.4788 ln T+17.9663
(16.7382+t)0.8795

Rumihurco Machángara P03 EPMAPS I(t, T) = 5.3159 ln T+12.0554
(18.7983+t)0.8618

Rumipamba Bodegas P08 EPMAPS I(t, T) = 2.9057 ln T+17.6075
(17.7225+t)0.8538

Iñaquito INAMHI P09 EPMAPS I(t, T) = 9.1731 ln T+12.1785
(20.2066+t)0.9132

Antenas P11 EPMAPS I(t, T) = 1.8188 ln T+10.3480
(19.7550+t)0.7558

Toctiuco P12 EPMAPS I(t, T) = 1.9449 ln T+10.3656
(6.4219+t)0.7755

San Francisco P27 EPMAPS I(t, T) = 2.9177 ln T+14.8268
(17.8184+t)0.8362

Cruz Loma P28 EPMAPS I(t, T) = 6.6483 ln T+6.2078
(23.6418+t)0.8430

Belisario E3 SADMQ I(t, T) = 14.4305 ln T+17.0133
(14.3124+t)0.9802

Jipijapa E4 SADMQ I(t, T) = 9.7766 ln T+11.7882
(23.9857+t)0.9639
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Appendix A.2
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Figure A1. IDF Curves.
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