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Resumen

La agresividad de la lluvia contribuye a la erosividad del suelo en regiones de alta montafia, y por ende a la sedi-
mentacién en la parte baja de la cuenca. El conocimiento acerca de la agresividad de la lluvia en regiones costeras y
andinas contribuye a la formulacién de medidas de mitigacién que influyen en la reduccién de erosion y pérdida de
nutrientes. Los indices Fournier, Fournier modificado y de concentraciéon de precipitacién proveen la capacidad de
estimar la distribucién espacial y temporal de la agresividad de la lluvia. Este estudio presenta un analisis de la lluvia
mediante estos indices de agresividad en la cuenca del rio Guayas ubicada en la costa y Andes ecuatoriales. Se se-
leccionaron datos mensuales registrados de 30 estaciones pluviométricas para el periodo 1968-2014. Se determinaron
zonas homogéneas de precipitacién mediante el método k-means. Los resultados indicaron dos regiones homogeneas
predominantes, la primera ubicada al oeste en la zona costera y andina (85,2 % del drea de la cuenca), con un indice
de agresividad alto y muy alto; mientras que la distribucién de la precipitacion en la segunda regién (Alta montaria)
resulté de muy baja a baja agresividad. La mayor agresividad potencial de la lluvia le corresponde una mayor acumu-
lacién de precipitacién promedio anual, lo que indica una alta influencia estacional de las lluvias, es decir, una mayor
cantidad de lluvia puede precipitar en un nimero reducido de meses consecutivos. Los valores de concentracién re-
velan un gradiente regional en direccion este-oeste que va de moderadamente a fuertemente estacional. El andlisis
de tendencias de la concentracién de lluvia mensual no muestra cambios significativos en el periodo de estudio. No
obstante, los hallazgos del presente estudio explican el porqué la regién oeste y sur de la cuenca del rio Guayas estd
expuesta a problemas de sedimentacion en la parte baja, producto de la capacidad erosiva de la lluvia en la parte alta
y media de la cuenca.
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LA GRANIJA: Revista de Ciencias de la Vida 30(2) 2019:52-69.

>2 (©2019, Universidad Politécnica Salesiana, Ecuador.


http://doi.org/10.17163/lgr.n30.2019.06
https://orcid.org/0000-0001-9503-2686
https://orcid.org/0000-0002-4315-7695 
https://orcid.org/0000-0002-0051-0743 
mercy.ilbay@utc.edu.ec

Regionalization of precipitation, its aggressiveness and concentration in the Guayas river basin,
Ecuador

Abstract

The aggressiveness of rain contributes to the erosion of the soil in high mountain regions, and therefore to the sedi-
mentation in the lower part of the watershed. To know about the aggressiveness of rain in coastal and Andean re-
gions contributes to the formulation of mitigation measures that help to the reduction of erosion and loss of nutrients.
Fournier indices, Modified Fournier and precipitation concentration provide the ability to estimate the spatial and
temporal distribution of the aggressiveness of the rain. This study presents a spatial and temporal analysis of climatic
aggressiveness in the Guayas river watershed located on the coast and the equatorial Andes. Registered monthly data
of 30 rainfall stations for the period 1968-2014 was selected. Homogeneous precipitation zones were determined by
the k-means method. The results indicated two predominant homogenous regions, the first located to the west in the
coastal and Andean zone (85,2 % of the area of the Watershed), with a high and very high aggressiveness index, while
the distribution of precipitation in the second region (High mountain) resulted from very low to low aggressiveness.
The greater potential aggressiveness of rain corresponds to a greater accumulation of average annual rainfall, which
indicates a high seasonal influence of rainfall, i.e., a greater amount of rainfall can precipitate in a reduced number of
consecutive months. The concentration values reveal a regional gradient in the east-west direction, which goes from
moderately to strongly seasonal. The trend analysis of the monthly rainfall concentration shows no significant chan-
ges in the study period. However, these findings explain why the western and southern region of the Guayas river
watershed is exposed to sedimentation problems in the lower part, due to the erosive capacity of rain in the higher
and middle part of the watershed.
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1 Introduction

The erosion of precipitation causes loss of fertile soil, da-
mage to infrastructure, agriculture and water pollution,
which is influenced by changes in precipitation patterns
(Martin-Fernandez and Martinez-Nufiez, 2011; Sanchez-
Moreno et al., 2014). This is caused since large amounts
of seasonal rain can precipitate in high mountain regions
such as the Andes in a few days or weeks (Sarricolea
et al., 2014; Zubieta et al., 2016; Sarricolea et al., 2019), or
Amazonian regions (Zubieta et al., 2019). Precipitation is
an important variable for climate studies, whose spatial
and temporal variability can impact human activities du-
ring extreme hydroclimatic events such as droughts and
floods (Parracho et al., 2016). It also plays a key role in
water resource planning and management, directly lin-
ked to agriculture and disaster mitigation (Prakash et al.,
2015). Accurate precipitation quantification is a challenge
for many hydrological applications, especially in regions
with complex topography due to orographic and small-
scale slope effects (Prakash et al., 2015)

The aggressiveness of rain can cause environmental
impacts and is a key factor in the occurrence of soil ero-
sion, landslides or flooding. Therefore, parameters that
evaluate the aggressiveness of rain can be considered as
an appropriate environmental indicator ((Gregori et al.,
2006; Garcia-Barrén et al.,, 2018). Estimating this varia-
ble over long periods is useful for the soil conservation,
agricultural planning and environmental policy develop-
ment. The R-factor, or rainfall erosivity, is an accepted
instrument for measuring local erosion and it depends on
the kinetic energy of each rain episode ((Panagos et al.,
2015). This model is the most widely used and was de-
veloped on a detailed scale in the agricultural sector;
however, its application at the regional level presents li-
mitations (Terranova et al., 2009). The soil erosion estima-
tes do not conform to empirical sedimentation measures
and do not incorporate direct water runoff (Kinnell, 2010).

The R-factor overestimates erosion at the regional or
watershed level (Hernando and Romana, 2016) and is
not recommended in areas where a validation process is
not performed. In addition, it is advisable to use high-
frequency precipitation records of weather stations for
a period of more than twenty years for its estimation
(Angulo-Martinez et al., 2009). Therefore, models that
measure the effects of rainfall aggressiveness can be used
by considering hourly rainfall records (intensity models)
or monthly precipitation records (volume models). The
latter model refers to the different partial accumulations
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of rain, regardless of the number, duration and amount of
rain of each episode, so it is based exclusively on monthly
precipitation records available in most countries. Thus,
the aggressiveness index can be used in environmental
studies (Fournier, 1960; Arnoldus, 1978; Oliver, 1980).
These indices have been widely used in climate studies to
identify spatial rainfall concentration patterns in regions
of Europe, Asia, Africa and South America such as Spain
(De Luis et al., 2011), Iberian Peninsula (Garcia-Barrén
et al., 2018), India (Ballari et al., 2018), Bangladesh (Ra-
sel et al., 2016), Nigeria (Ezenwaji et al., 2017), Argentina
(Besteiro and Delgado, 2011), Venezuela (Rey et al., 2012)
and Chile (Sarricolea et al., 2014; Valdés-Pineda et al.,
2016). Changes in the temporal patterns of these parame-
ters have also been identified in Andean regions of Chile
(Sarricolea et al., 2019).

The intense soil erosion resulting from increased rain-
fall intensity is a critical problem in many basins around
the world (Vrieling et al., 2014; Mondal et al., 2016). The
Guayas River Basin (CRG - acronym in Spanish), is Ecua-
dor’s most fertile agricultural area (Buckalew et al., 1998),
and the main production center for agricultural goods.
Seasonal distribution and annual rainfall totals are extre-
mely irregular, causing CRG to be affected by flood events
and droughts, causing economic losses. This was the ca-
se for 1982 and 1983, which produced estimated losses
of 3,18% and 28,63 % of PIB, respectively ($520 million)
(Egas, 1985). While in 1997-98 5664 km” of agricultural
production ($616,5 million) was lost (Corporaciéon Andi-
na de Fomento, 1998), caused by the marked influence of
El Nifio phenomenon on the basin (Cadier et al., 1996).
But the area of greatest affectation is the low basin, be-
cause it is periodically subjected to flooding that can ha-
ve catastrophic consequences, aggravated by human ac-
tions such as deforestation and erosion in the headwaters
of the rivers (Rossel et al., 1996). The Guayas River pre-
sents sedimentation problems due to soil erosion in the
basin (Gobierno Provincial del Guayas, 2016), which has
resulted in the formation of islets at the junction of the
Babahoyo and Daule River (Figure 1) (Soledispa, 2002).
Measures such as dredging have been used in the face of
sediment accumulation amounting to 250 thousand tons
per year (Gobierno Provincial del Guayas, 2018). Howe-
ver, rain has not been studied as an erosion factor in Ecua-
dorian regions such as the CRG. The aim of this research
is (a) to regionalize precipitation for a prolonged period of
monthly precipitation data (1968-2014) and (b) to estima-
te the aggressiveness and concentration of precipitation
in the CRG.
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Figure 1. Location of the Guayas River basin, altitude, distribution of the 30 rainfall stations and years of study. The name of the
stations is shown in Table 1.

2 Materials and methods
2.1 Study area

The CRG is located in the central western of Ecuador
(0°14" a 2°27" Sy 78°36" a 80°36” O) (Figure 1). The area
is characterized by a significant altitude gradient up to
4000 masl with an area of 32890km?2, corresponding to
13% of Ecuador area. It concentrates approx 40% of the
country’s population (?). CRG drains into the Gulf of
Guayaquil, the main rivers are the Daule and Babaho-
yo (Figure 1) that join near Guayaquil, the country’s lar-
gest city Damanik-Ambarita2016. The Guayas River, the
largest on the western coast of South America, with an
average annual run of 1350m3 /s (Twilley et al., 2001), has
a straight main channel forking into a network of river
channels that run through 30 km of mangroves and tidal
plains (Reynaud et al., 2018). The main economic activi-
ties in the CRG are: agriculture, fishing and hydroelec-
tric power generation. The main environmental pressu-
res on freshwater ecosystems are wastewater pollution,
agriculture, land use changes and two hydroelectric dams
(Thi Nguyen et al., 2015). In recent years, river sedimenta-

2.3 Methodology

The methodology consists of three summarized steps in
Figure 2: the first is the evaluation of the precipitation
data, its homogenization and the completion of monthly
data by the regional vector (MVR) method. The second
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tion problems have increased in the lower part of the ba-
sin, considered to be one of the contributing factors to the
risk of flooding from extreme rains. This sedimentation
is perceived locally as a consequence of interventions ca-
rried out in the upper basin and natural events such as El
Nifio (Barrera-Crespo et al., 2018). The impacts of El Nifio
on this basin have caused flooding (rain erosion, slippa-
ge and landslides), pollution of drinking water, damage
to infrastructure and the agricultural sector (Corporacién
Andina de Fomento, 1998).

2.2 Data

Precipitation records were collected from 250 weather sta-
tions from the National Institute of Meteorology and Hy-
drology (INAMHI), each with different periods between
1962 and 2016. In order to guarentee the highest availabi-
lity of monthly data, 30 stations with a period of 47 years
(1968-2014) were selected, which had the lowest amount
(< 13 %) of missing data (Table 1). Out of the 30 stations,
63 % of them have more than 40 years of continuous re-
cords, and 10% from 21 to 30 years.

corresponds to the process of regionalization by grou-
ping stations using k-means and interpolation using co-
kriging, and the last stage corresponds to the determina-
tion of the aggressiveness and concentration of precipita-
tion through different indices.
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Table 1. Characteristics of 30 stations in the Guayas River basin: name, geographical location and missing data.

Latitude Lenght Altitude % missing .
Code Name ©S) ©0) (msnm) data Period
Ml Pichilingue -1.07 -79.49 81 0 1968-2014
M2 Puerto Ila -0.48 -79.34 319 2 1968-2014
M3 Sto. Domingo Aeropuerto -0.25 -79.20 554 6 1968-1998
M4 Isabel Maria -1.83 -79.56 4 8 1968-1988
M5 Milagro (Ingenio Valdez) -2.12 -79.60 23 0.2 1968-2014
M6 Bucay -2.20 -79.13 480 4 1969-2000
M6 San Juan La Mana -0.92 -79.25 215 9 1968-2014
MS Chillanes -1.98 -79.06 2330 4 1968-2014
M9 Chunchi -2.28 -78.92 2177 3 1968-2014
M10 Camposano #2 -1.59 -80.40 113 1 1977-2014
Mi11 Pueblo Viejo -1.52 -79.54 19 13 1976-2014
Mi12 Las Delicias-Pichincha -0.26 -79.40 340 8 1968-2002
M13 Moraspungo-Cotopaxi -1.18 -79.22 409 8 1968-87; 96-2014
M14 Ramén Campafia -1.12 -79.09 1462 7 1968-2014
M15 Echeandia -1.43 -79.29 308 9 1968-2014
MI16 Salinas-Bolivar -1.40 -79.02 3600 10 1969-2014
M17  Rio San Antonio-Monjas -1.58 -79.13 2200 2 1980-2014
M18 Pallatanga -2.00 -78.97 1523 9 1968-2014
M19 Compud -2.34 -78.94 2402 8 1968-2014
M20 Palmira INAMHI -2.06 -78.74 3180 4 1968-1991
M21  Achupallas-Chimborazo -2.28 -78,77 3178 1 1968-2014
M22 Chimbo Pj Pangor -1.94 -79.00 1452 10 1968-2014
M23 Alausi -2.20 -78.85 2267 12 1968-2014
M24 Caii-limbe -1.77 -78.99 2800 6 1969-2014
M25 Guasuntos -2.23 -78.81 2438 2 1975-2014
M26 Pangor-J.de Velasco -1.83 -78.88 3109 11 1970-2014
M27 Colimes de Pajan -1.58 -80.51 200 2 1970-2014
M28 Vinces INAMHI -1.56 -79.77 14 8 1968-2014
M29 La Capilla INAMHI -1,70 -80,00 7 5 1968-2014
M30 Palmeras Unidas (Palmar) -0.26 -79.60 460 10 1987-2012
Conj_unto fd_e datos de ’,' l,ﬁ.nalli:c,is exploratorio y '* BASE DE
. precipitacion mensual | " estimacion de datos faltantes. : : DATOS de .
e e e s oo ovancoee 2] Eonracipibacitn
Ha ___-----____---_--___------__ SR s mensual
bevauseyil Deemiactn O R IR 10 e 1N i AT
‘ ,________________;:______________‘ : afios :
! Correlacién de | ‘Interpolacion espacial de precipitacién,) ©.(1968-2014) :
losindicesconla :  IEIFMeice . W
+ ubicacion y I ' Agrupacion de!
| precipitacion | 7 R T zonas |
! media anual :h' R.eglon.allzacmn de las ! homogéneas |
' "1 __prechiacionesenlacuenca it Yy 'eqiag) |

...................................................................

‘Caracteristicas de los patranes

de precipitacion, agresividad y concentraciénf
de la lluvia. :

...................................................................

Figure 2. Methodological scheme for the regionalization, aggressiveness and concentration of the rain time series.
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2.3.1 Method of regional vector

MVR was used to evaluate the quality and estimation of
the missing data. This method is oriented to the criticism,
homogenization and completion-extension of the precipi-
tation data (Hiez, 1977; Brunet-Moret, 1979). The MVR is
based on the creation of a station .2verage species"type
"Vector". This concept refers to the calculation of a weigh-
ted average rainfall anomalies for each season, overco-
ming the effects of seasons with extreme and low rainfall
values. Then, there are Z; annual interposition techniques
and P;’s rainfall, which are extended by the least squares
technique. This could be achieved by minimizing the sum
of the following equation (Espinoza Villar et al., 2009).

€]

Where i is the year index, j the station index, N the
number of years and M the number of stations. P;; repre-
sents annual rainfall in the station j, year i; P; is the exten-
ded average rainy period of N years; and finally, Z; is the
regional rainfall index of the year i. The full set of Z; va-
lues throughout the period is known as the annual vector
of regional rainfall indices, and by being an iterative pro-
cess, this method allows to calculate the vector of each of
the vector of of the predefined regions, then it provides a
comparison of year-on-year variability of stations -vector,
to finally discard those that are not consistent with the re-
gional vector (VR). This process is repeated as much as
necessary and was performed using the HYDRACCESS
software (Vauchel, 2005).

2.3.2 Regionalization

This study used the k-means method, widely employed
to regionalize homogeneous areas of precipitation (Go-
lian et al., 2010; Gémez-Latorre, 2015; Shahana Shirin and
Thomas, 2016; Rau et al.,, 2017). K-means is a grouping
algorithm, the most commonly used to identify homoge-
neous groups of objects called clusters. The data within
a cluster shares many features but is very different from
the data that does not belong to that cluster (Yashwant
and Sananse, 2015). The data in this study are summari-
zed in a 30-row matrix for weather stations and 6 columns
with information such as: station name, altitude, latitude,
longitude and cumulative precipitation. A key part of the
k-means application is to define an optimal number of
groups, which can be done by estimating the silhouette
coefficient (S) for each number of groups, the S coefficient
has the advantage that it only considers the current parti-
tion and does not depend on the grouping algorithm, its
value is obtained by Equation 2 (Rousseeuw, 1987):

b; —a;

Sy = 2

max [a@,b(,-)]
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Where a(;) corresponds to the average similarity bet-
ween object i and other objects in the same group, and b(;
is the average similarity between object i and k-cluster
members. The S coefficient varies between -1 and +1; the
partition will be better when it gets closer +1, a negative
value means that there is no good correspondence bet-
ween the members of the group, a value of zero means
that the object could belong to any group (Kaufman and
Rousseeuw, 2005). Also, the homogenization of precipi-
tation was performed for extreme events such as El Nifio
from 1997-1998, considering the above methodology.

The interpolation of annual precipitation data was
performed using a geostatistical approach, co-kriging
method, which is a multivariate version of the kriging
technique (Goovaerts, 1998), considering two variables
(altitude and cumulative precipitation) transformed loga-
rithmically due to the bias and the wide numerical range
of precipitation values. This method was used for the in-
terpolation and delimitation of precipitation zones (Rau
et al., 2017) and for mapping the spatial distribution of
indices.

2.3.3 Climatic aggressiveness analysis and concen-
tration of precipitations

Climate aggressiveness was analyzed by interpreting the
Fournier Index (FI) and Modified Fournier Index (MFI).
Fournier (1960) proposes a climate aggressiveness index
or IF, which has a high correlation with the amount of
sediments carried by runoff. The IF estimates the erosi-
ve characteristics (aggressiveness) based on the rainiest
month of each year within a given time period, and for
the calculation of the IF the following expression (3) was
used. Where FI: Fournier index for the year j, pmsx: ave-
rage precipitation relative to the wettest month (mm) and
P: Average annual precipitation (mm).

2
pméx/-

P

However, it is necessary to consider areas that ha-
ve more than a monthly maximum or areas where rain-
fall values have high values due to seasonality (Jordan
and Bellinfante, 2000). To correct these errors, a modifica-
tion of the original FI was proposed using the accumula-
ted precipitation, called MFI (Arnoldus, 1978). This index
considers the rain of the twelve months and not only that
of the wettest month, its calculation relates the monthly
rainfall with those Equation (4). Where: MFI : rainfall ag-
gressiveness idex, for year j, p;;: monthly precipitation of
the month i (mm) of the year j and P,: average annual
precipitation.

IF; = 3)

21'131 (Pij )2

MFIj= =50
m

“
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The seasonality of precipitation was estimated by the
Precipitation Concentration Index (PCI) proposed by Oli-
ver (1980), being a distribution indicator of temporal pre-
cipitation and used as an estimator of the extreme beha-
vior of the precipitation (Sarricolea et al., 2014). It has tra-
ditionally been applied on an annual scale and it descri-
bes whether annual precipitation is temporarily concen-
trated in a single month or distributed evenly throughout
the year. The PCI was calculated on an annual scale from
the following Equation:

£2,0h .
P2

J

PCI; =100

The PCI was also analyzed on a seasonal scale consi-
dering the periods of increased precipitation (December-
May) and lower precipitation (June-November), accor-
ding to Equation (6):

RS ©)
(Zi: i Pi ) :

Where PCI;: annual rainfall concentration index (%),
for year j; PClestac: seasonal concentration index (%); p;;:
precipitation of month i in year j, P;: annual precipitation
of the year j. The main difference between these indices
is the ranges of rank values (Table 2).

PClseasonal = 1000

Table 2. Indixes that determine aggressiveness and concentration of precipitation

Index Clasification
<50 Very low
Fournier Index >0-100 low
(FI) 100-150 Moderate
150-200 High
>200 Very high
<100 Very low
Mofidified Fournier Index 100-200 Low
(MFT) 200-300 Moderate
300-400 High
>400 Very high
8,3%°10% Uniform
S . 10%°15 % Partly seasonal
Precipitation concentration ~
index (PCI) 15 %VZO % Seasonal
20%°50%  Strongly seasonal
50 %100 % Irregular

The classification of indices is performed based on
(Fournier, 1960; Arnoldus, 1978) and (Oliver, 1980).
The influence of climate change on the seasonal pat-
tern of precipitation concentration was determined
by Mann-Kendall’s nonparametric statistical test (MK),
at three levels of significance (90%, 95% y 99%).
MK analysis was performed using TREND software
(https:/ /toolkit.ewater.org.au/trend). The MK test veri-
fies the existence of positive/negative changes in a se-
ries of data, against a zero hypothesis of non-trends and
where the data are random and independent (Mann,
1945; Kendall, 1975). MK trend analysis is a robust test
when the data differ from "normality.?nd less sensitive to
outliers (Lanzante, 1996). MK analysis has been widely
used for the detection analysis of meteorological and hy-
drological trends (Kumar et al., 2009; Gocic and Trajkovic,
2013; Hermida et al., 2015; Zeletidkova et al., 2016; Giigli,
2018; Sarricolea et al., 2019).
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3 Results and discussion

3.1 Homogenous regions

The optimal value for cluster numbers was determined
by the overall average value of S and the number of ne-
gative S for each cluster group that varies from 2 to 10
(Table 3). The maximum value of S was obtained for clus-
ter group 2 (0.51) and with a lower number of negative
silhouette (1); it is the only group that is considered to
be a reasonable structure, because its value of S is grea-
ter than 0.50 (Kononenko and Kukar, 2007). Internally
cluster group 2 has a strong clustering structure (5=0.66)
while cluster 1 reached a lower value, with a negative S
(Figure 3b). This indicates that in cluster 1, grouping cen-
ters can be found, although there is considerable 'noise’.
Cluster groups for extreme events such as El Nifio 97-98
presented similar results (Table 3).
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The spatial distributions of K-means (2) show an
array of stations according to topographic variation and
length (Figure 3). The cluster of two groups divides the
CRG into two homogeneous regions of precipitation: lo-
wer and middle (red triangles) and upper part (black
circles). The two regions are well defined, taking into ac-
count the rain interpolation map, as shown in Figure 3a.

Region One (R1) is located on the slopes of the wes-
tern Andes mountain range and the great plains of the
Ecuadorian coast (78,9° a 80,59° O) (Figure 4a). The alti-
tude varies between 3 to 2500 masl, occupying 85,2 % of
the CRG area. The regime is unimodal, the rainy season
runs from December to May (Figure 4b) and concentra-
tes 89% of the accumulated annual rain (Cadier et al.,
1996; Rossel and Cadier, 2009; Fries et al., 2014) and a dry
season (June-November) (Hastenrath, 1997). The precipi-
tation range ranges from 850 to 3500 mm per year and a
year-on-year CV of 0.38 (Figure 4a). The rain in this re-
gion is convection type and the distribution of dry and

rainy season is due to the north-south movement of the
Intertropical Convergence Zone (ZCIT) (Rollenbeck and
Bendix, 2011).

Region two (R2) is located in the western range of
the Andes, the altitude is higher than 1500 masl and less
than 4000 masl. Rainfall totals (450 to 1500mm year-1) and
year-on-year CV (0.34) were relatively low compared to
R1 (Figure 4a). The precipitation distribution has a bimo-
dal trend: the first peak occurs from January to May, fo-
llowed from October to December, and the period May
to August has the lowest average monthly precipitation
(Figure 4c). The amount of rain that falls in this area is
due to the influence of orographic rain and convection
(Rollenbeck and Bendix, 2011). Precipitation formation is
complex in the mountains due to the interaction between
moisture transport, differential surface heating, synoptic
wind field and local mountain breeze system (Daly et al.,
2007; Foresti and Pozdnoukhov, 2012).

Table 3. Results of the MK analysis for the number of cluster groups.

Cluster group 2 3 4 5 6 7 8 9 10
Average silhouette 051 046 035 031 034 030 034 027 0.23
Number of negative silhouette 1 3 3 3 2 3 3 4 6

General average of extreme silhouette_events

0.52 040 0.26

029 029 026 026 026 026

Number of extreme negative silhouette_events 0

3 4 5 6 5 4 5 5
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Figure 3. Spatial distribution of the cluster group (2) obtained with the k-means process and its silhouette value.

Two annual precipitation patterns can be identified
within the study area: in R1, a well-differentiated annual
cycle was found between periods of avenues and styling,
characterized by peaks for the years 72-73; 75-76; 91-92;
and extreme events for 82-83 and 97-98 (Figure 4d). Extre-
me rainfall in Ecuador is associated with El Nifio events
that caused severe flooding, economic losses and disea-
se (Bendix and Bendix, 2006). In R1, the influence of El
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Nifio is strongly linked to annual rainfall surpluses (Ros-
sel et al., 1998). R2 has a weak seasonality, which is con-
sistent with the estimated average variation coefficient
(0.34), where a decrease in average annual precipitation
is shown over most seasons compared to R1. Extreme
events (82-83 and 97-98) are also observed in the R2 re-
gion, because the influence of El Nifio in this area is va-
riable (Cadier et al., 1996; Rossel et al., 1998).
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Figure 4. Spatial distribution of the two regions (R1-R2) of homogeneous rain after the regionalization process by k-means. a)
Year-on-year variation coefficient (CV) range for the 30 rainfall stations. b) and c) Monthly precipitation regime of R1 and R2.
(d) and (e) Annual precipitation distribution (1968-2014) for regions R1 and R2.

3.2 Climatic aggressiveness

In region R1, 45% of the seasons had annual average of
FI values greater than 150; this suggests the occurrence
of very high erosion rain (Figure 5a). The FI for R2 shows
that 50 % of the annual average values are less than 50 and
remaining values were greater than 50 and less than 100,
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considered as very low and low erosion rain, respectively
(Figure 5a). Results from MFI suggest a spatial pattern si-
milar to FI (Figure 5b). In fact, in the R1 region, values
greater than 300 are values associated with high erosion.
While the R2 region has values of approximately 100, in-
dicating low or very low levels of erosion. The difference
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in estimated rates for regions R1 and R2 may be associa-
ted with the spatial distribution of average annual rainfall
(Figure 4a), suggesting a high influence on the seasonality
of rainfall in both regions (Figure 4 d-e). Also, the seaso-
nality of the basin is corroborated by the results of the PCI
(Figure 5¢), as these reach values around 20 %, which pro-
poses a predominantly seasonal and strong seasonal clas-

sification. In addition, in the R1 region, the MFI manages
to identify eight very high erosion seasons, this may be
because the MFI considers the rain of all twelve months
and not only that of the rainiest month of the year. There-
fore, this methodology might be more appropriate to cha-
racterize the severity of the rains in the area under study
(Castelan-Vega et al., 2015).
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Figure 5. Aggressiveness rates: a) Fournier index (FI), b) Modified Fournier index (MFI) and c) annual mean precipitation

concentration (PCI) of 30

It is important to mention that the aggressiveness re-
sults in region R2 are in agreement with the region with
the highest annual precipitation, which has a good corre-
lation and level of significance between the average an-
nual precipitation pattern (mm) with the FI (r =0,77,p <
0,01) and MFI (r = 0,93,p < 0,01) (Figure 6 d-e), which
confirms that a higher annual accumulation (mm) would
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stations in the study area.

correspond to greater aggressiveness (Besteiro and Del-
gado, 2011) in areas where annual precipitation is grea-
ter than 900 mm (Jordan and Bellinfante, 2000; Rey et al.,
2012). Also, a decrease in FI was observed with altitude
(r=0,85,p < 0,01), but not so for the MFI. No correlation
was found between spatial patterns of climatic aggression
for latitude and longitude.
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3.3 Concentration of precipitations

The historical average annual concentration observed in
R1 was distributed seasonally with values ranging from
15—19 %, followed by a strongly seasonal distribution (Fi-
gure 5c¢), i.e., precipitation is concentrated within a few
months of the year. In region R2, the PCI registers values

LA GRANIJA: Revista de Ciencias de la Vida 30(2) 2019:52-69.

(©2019, Universidad Politécnica Salesiana, Ecuador.

higher than 11 and lower than 18 %; nine seasons show a
seasonal distribution and three moderately seasonal dis-
tributions throughout the year (Figure 5c). The historical
average annual concentration observed in high mountain
regions was predominantly a seasonal and moderately
seasonal concentration, these results are consistent with
Valdés-Pineda et al. (2016).
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Figure 7. Spatial distribution: a) Annual average rainfall concentration (PCI) for the period 1968-2014 and b) Correlation of the
PCI with the length.

The high mountain regions have a rain concentra-
tion between seasonal and moderately seasonal, and the
central region between strongly seasonal and seasonal
(Figure 7a). This suggests a strong association with the
length (r=0.83, p<0.01) (Figure 7b). Along the longitu-
dinal gradient, seasonality increases, leading to a more
uniform concentration of annual precipitation. Changes
in the PCI are compleXx, possibly related to global atmosp-
heric characteristics and local and synoptic factors affec-
ting precipitation. However, no correlation was found
between PCI with latitude and average annual precipi-
tation, suggesting that the years with the highest annual
rainfall are not related to the precipitation concentration.
These findings explain why R2 can be strongly affected
by seasonal rain during the avenue period, where preci-
pitation that is concentrated in a small number of months
is relevant for the occurrence of soil erosion in the upper
part, causing sedimentation in the urban area located in
the lower part of the CRG.

To analyze changes in seasonal monthly rainfall con-

centration, the seasonal PCI series (period of highest and
lowest precipitation) between 1968 and 2014 was esti-
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mated for regions R1 and R2 (Figure 8). Percentages of
concentration values around 50 % suggests irregularity of
precipitation, i.e., a high amount of rain can precipitate in
a small number of months, which is associated with flood
events; on the other hand, a very low amount of preci-
pitation may be falling in a greater number of months,
causing periods of drought that can affect the rain-fed
land. This irregularity of monthly rainfall is detected in
some years in the dry period of the R1 region (Figure
8). This could affect rain-fed agriculture in the western
region of the basin (= 1600 masl). Seasonal PCI results
(= 20%) during the rainy period in R1 and R2 show no
significant temporal changes and suggest marked seaso-

nality.

The results of MK’s trend analysis identified positive
annual trends of the PClestac only for the dry season (June-
November) and negative trends for both periods: dry and
rainy. However, in most seasons it does not show a signi-
ficant trend (Figure 9 a and b). Negative PClestac trends
are concentrated for R1 and R2 in the northern and sout-
heastern part of the CRG.
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Figure 8. Annual series of seasonal precipitation concentration index (PClestac) for the period (P.) of the section (June to Novem-
ber) and rain (December-May), 1968-2014 for R1 and R2.

For the period of heavy rainfall (December-May),
only two seasons show negative trend in R1 and R2, with
significance levels of 90% and 99 %, respectively (Figure
8a). In the dry period, two stations show significant ne-
gative trend at 90 and 95 % in the southern region of R1.
Also, only one station located in high mountain region re-

a) 80°00°0 79°00°0

gisters positive trend (Figure 8b). In general, the positive
or negative trends identified in R1 and R2 indicate chan-
ges associated with irregularity of monthly rainfall in the
temporal distribution of the concentration; however, this
irregularity is identified in very few seasons.
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Figure 9. Seasonal distribution of PCI trends (1968-2014) in the Guayas River basin for different significance level ranges: (a)
December - May, b) June - November.

4 Conclusions

The study of the aggressiveness of rainfall for the Basin of
the Guayas-Ecuador River allowed to homogenize areas
of precipitation, characterize the variability of rains in
the period 1968 — 2014 and their potential erosive impact.
The results suggest two regions 1) west of the basin in the
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coastal region up to 2500 masl and 2) east of the basin in
the high mountain region between 1500 and 4000 masL.
The basin was assessed annually using the Fournier In-
dex (FI), Modified Fournier Index (MFI) and precipitation
concentration index (PCI). These findings from IF and
MFI indicate that the Guayas River basin in the coastal
area is classified as a region of high to very high aggres-
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sion in the coastal region, while the high mountain region
is classified as low or very low erosion.

Areas of high agricultural activity located in the coas-
tal region have greater erosive potential of rain compared
to the high mountain region. The spatial distribution of
precipitation concentration increases from east to west,
showing moderate to strong seasonality levels. The re-
sults using the aggressiveness and concentration of pre-
cipitation rates allowed to assess qualitatively the pos-
sible impact of rain on the ground and identify aggres-
siveness patterns with precipitation accumulation and
concentration of precipitation associated with the length.
This may be associated with seasonal moisture flows from
the Equatorial Amazon to the Andes (Espinoza Villar
et al., 2009). These results also indicate that the monthly
rainfall concentration does not have predominant chan-
ges or trends between 1968 and 2014. However, it is re-
commended to analyze the daily rainfall concentration in
equatorial regions, as large percentages of seasonal or an-
nual rain can precipitate in a few days.
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