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Abstract
The concentration index (CI) has been widely used in recent years to analyze the statistical structure of daily precipitation. This
index was proposed by Martin-Vide Int J Climatol 24:959–971 (2004) to explore the contribution of the days of the greatest
rainfall to the total amount. However, sometimes, the interpretation of the concentration index could be confusing because
depending on the research work consulted, it could be categorized into different levels of concentration. The differences observed
in the classifications are due to the distribution of the CI values within each of the regions under study, that is, it is due to local
classification. Under these circumstances, it is important to differentiate between the global and local behavior of this index in
order to make comparable the results of different research work. According to their definition, the concentration index could be
classified intuitively on global manner as: very low concentration (0–0.2), low concentration (0.2–0.4), moderate concentration
(0.4–0.6), high concentration (0.6–0.8), and very high concentration (0.8–1). The results show that the observed range of the CI
values at a global scale of the countries considered in this work is between moderate and high. On the other hand, at the local
scale, the methodologies proposed for the classification of the concentration index show a good performance. The local classi-
fication allows for knowing within the range of local variation the conditions of concentration of the precipitation at this scale.
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1 Introduction

The analysis of climatic data series with the objective of mon-
itoring climate change has become a common practice among
researchers in recent years (Shi et al. 2013). In hydrology and
climatology, it is common to consider precipitation as one of
the climatic variables of major interest due to the great vari-
ability which it shows in both temporal and spatial scales
(IPCC 2007). Furthermore, as it is mentioned by Trenberth
et al. (2007) and based on the updated results of the IPCC
Fourth Assessment Report, the heavy precipitation events in-
creased during the last century finding that the precipitation
has become much heavier than the average.

Due to the important influences of precipitation extremes
of the hydrological cycle, many studies focused on changes in

precipitation extremes in various regions have been conducted
around the world.

According to the works of Brooks and Carruthers (1953)
and Martin-Vide (2004), precipitation can be considered a
discrete process which can be modeled by exponential nega-
tive distributions. It means that few rainy days concentrate the
majority of the total amount of precipitation. This, for Cortesi
et al. (2012), means that the precipitation is a very highly time-
compressed process. The concentration of precipitation can
have significant impacts on natural, human, and social sys-
tems as Martin-Vide (2004), Zhang et al. (2009), and Li
et al. (2011) have pointed out.

Li et al. (2011) considers that compared with studies of
precipitation frequency and intensity, the concentration or
dispersion of the precipitation has been rarely investigated.
This situation for Brugnara et al. (2012) may be due to the
lack of high-quality daily precipitation datasets. The studies
focused on the concentration of precipitation are based inmost
of the cases on the methodologies of the precipitation concen-
tration degree (Zhang and Qian 2003; Liu et al. 2016), the
precipitation concentration index (PCI) (Oliver 1980), and
the concentration index (CI) (Martin-Vide 2004).
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Martin-Vide (2004) proposed the concentration index to
explore the contribution of the days of the greatest rainfall to
the total amount. This index is based on the Lorenz curve,
which was first used by economists to assess income/wealth
distributions. Shi et al. (2013) pointed out that the Lorenz
curve is a function that relates the accumulation of a variable
and its cumulative frequency. In this manner, when the distri-
bution is equitable, the Lorenz curve can be expressed by the
function y = x.

The concentration index has been widely used in recent
years to analyze statistically the characteristics of daily precip-
itation, e.g., by Martin-Vide (2004) in Spain, Alijani et al.
(2008) in Iran, Zhang et al. (2009) in the Pearl River basin
of China, Benhamrouche andMartín-Vide (2012) in mainland
Spain, Cortesi et al. (2012) in Europe, Suhaila and Jemain
(2012) in Peninsular Malaysia, Shi et al. (2013) in the
Lancang River basin of China, Shi et al. (2014) in the upper
reaches of the Huai River in China, Benhamrouche et al.
(2015) in Algeria, Patel and Shete (2015) in India,
Yesilırmak and Atatanır (2016) in western Turkey, Mayer
et al. (2017) in Canary Islands of Spain, Serrano-Notivoli
et al. (2017) in Spain, Zubieta et al. (2017) in Peru, Llano
(2018) in Argentina, and Vyshkvarkova et al. (2018) in the
south of Russia.

Most of these research works are focused on the spatial
and temporal behaviors of the concentration index within
particular geographical regions. In the papers cited above,
they mainly show the ranges between which the fluctua-
tions of the concentration index occur and based on this, a
zoning in areas of low, medium, and high concentration
according to the behavior of this index is proposed.

However, sometimes, the interpretation of the results could
be confusing because depending on the research work
consulted, a different categorization can be found in the levels
of concentration of this index. For example, in Zhang et al.
(2009), it is stated that CI ≤ 0.75 is considered low, between
0.75 and 0.78 is medium, and CI ≥ 0.78 is high, while
Vyshkvarkova et al. (2018) stated that according to previous
studies, CI > 0.61 is high, 0.55 < CI < 0.61 is moderate, and a
CI < 0.55 is low, and on the other hand Llano (2018) classifies
CI values of Argentina greater than 0.61 as high as pointed out
by Vyshkvarkova et al. (2018), but values less than 0.58 as
low.

The differences observed in the classifications present-
ed are due to the distribution of the CI values within each
of the regions under study, that is, it is due to a local
classification. Under these circumstances, it is important
to differentiate between the global and local behaviors of
this index in order to make comparable the results of the
research work aforementioned. In addition, in the men-
tioned research works, there is no reference to the meth-
odology followed to perform the classification of the con-
centration index.

In this sense, the objective of this work was to analyze the
behavior of the concentration index at a global scale, and then,
to analyze the variations of the concentration index at the local
scale with the purpose of defining a classification for the CI on
both scales.

2 Data and methods

To analyze the global behavior of the precipitation concentra-
tion index, there were obtained data from the results of previ-
ous research works. Data retrieved from the papers are shown
in Table 1. Additionally, the CI data calculated for the stations
showed in Table 2 were used. The total amount of data avail-
able including own data amounts 539 values for the CI index.

Own data correspond to daily precipitation data of thirty-
seven meteorological stations obtained from the National
Meteorological Service of Mexico (NMS 2018). Data series
were tested for homogeneity problems using the methodology
proposed by Wang et al. (2010). The precipitation series used
cover the period of 1970–2010 like most of the consulted

Table 1 Research works used for the analysis of the global behavior of
the concentration index

Research authors Country
where the
research was
conducted

Year of
publication

Number
of
available
data

Id in
graphics

Martin-Vide J. Spain 2004 32 ESP04

Zhang Q, Xu C,
Gemmer M, Chen
YD, Liu C

China 2009 42 CHN09

Suhaila J, Jemain AA Malaysia 2012 50 MAL12

Shi W, Yu W, Liao
W, Wang Y, Jia B

China 2013 31 CHN13

Shi P, Qiao X, Chen
X, Zhou M, Qu S,
Ma X, Zhang Z

China 2014 38 CHN14

Máyer P, Marzol MV Spain 2014 29 ESP14

Benhamrouche A,
Boucherf D,
Hamadache R,
Bendahmane L,
Martin-Vide J,
Teixeira Nery J

Algeria 2015 42 ALG15

Patel NR, Shete DT India 2015 73 IND15

Máyer P, Marzol MV,
Parreño JM

Spain 2017 11 ESP17

Zubieta R, Saavedra
M, Silva Y,
Giráldez L

Perú 2017 46 PER17

Vyshkvarkova E,
Voskresenskaya E,
Martin-Vide J

Russia 2018 42 RUS18

Llano MP Argentina 2018 66 ARG18

Own data Mexico 2018 37 MEX18
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works. The localization and main characteristics of the precip-
itation in these meteorological stations are shown in Table 2.

The calculation of the concentration index was based on
the methodology proposed by Martin-Vide (2004). In this
sense, the first step consisted in the classification of pre-
cipitation values in categories of 1 mm in ascending order.
Therefore, the cumulative summation of days and precipi-
tation quantities was calculated. Finally, for the cumulative
frequency of rainy days (x) and its associated precipitation
amounts (y), an equation of the form (1) was fitted:

y ¼ axebx ð1Þ
where a and b are regression constants estimated by the
least square method.

By definition, the precipitation concentration index is the
ratio between the area (A) compressed by the Lorenz curve
and the equidistributional line, and the area of the triangle
delimited by the equidistributional line.

CI ¼ A
5000

ð2Þ

Table 2 Meteorological stations used for the calculation of the concentration index for central-western Mexico

Id Climatological station Latitude (°N) Longitude (°W) P (mm) STD (mm)

14002 Acatlán de Juárez 20.421 − 103.593 794.8 139.2

14011 Apazulco 19.306 − 104.898 894.7 300.4

14016 Atequiza 20.395 − 103.136 855.0 147.5

14017 Atotonilco El Alto 20.550 − 102.508 878.0 218.0

14018 Atoyac 20.010 − 103.508 659.2 113.7

14026 Casa Llanta 22.059 − 103.356 703.5 195.5

14028 Cihuatlán (DGE) 19.238 − 104.559 942.4 290.3

14029 Concepción de Buenos Aires 19.978 − 103.254 959.9 215.9

14034 Contla 19.753 − 103.169 1130.1 212.6

14035 Corrinchis II 20.501 − 104.779 1184.2 167.9

14036 Cuautitlán 19.451 − 104.356 1685.5 258.7

14038 Cuixtla 21.052 − 103.441 860.1 148.9

14046 El Chante 19.719 − 104.203 863.4 204.9

14048 El Chiflón 19.292 − 104.559 1431.2 224.3

14052 El Nogal 19.897 − 103.796 781.0 160.8

14053 El Pinito 22.609 − 103.949 634.2 96.6

14056 El Salitre 20.510 − 103.864 906.0 147.1

14067 Higuera Blanca 19.994 − 105.153 644.4 235.8

14070 Huascato 20.481 − 102.237 806.6 154.0

14072 Huerta Vieja 20.426 − 103.237 894.8 166.0

14080 La Cuña 21.007 − 102.830 813.5 170.7

14081 La Desembocada 20.729 − 105.203 1100.2 214.8

14087 La Red 20.725 − 102.813 874.2 157.3

14089 La Vega 20.592 − 103.864 908.6 156.6

14099 Mazamitla 19.916 − 103.017 1000.3 269.2

14100 Mexticacán 21.265 − 102.779 715.6 179.5

14118 Quito 19.525 − 103.441 894.8 163.8

14122 San Bernardo 21.632 − 102.390 566.9 153.0

14123 San Diego de Alejandría 20.994 − 102.000 654.5 254.1

14125 San Gregorio 20.621 − 104.576 1301.6 200.1

14136 Santa Rosa 20.906 − 103.729 920.6 139.9

14144 Tenasco 22.157 − 103.220 673.8 354.4

14155 Tuxcacuesco 19.697 − 103.983 711.8 142.2

14156 Tuxcueca 20.154 − 103.186 750.8 144.8

14157 Unión de San Antonio 21.131 − 102.000 682.1 171.4

14180 Quitupan 19.927 − 102.881 805.9 141.1

14266 San Gaspar de los Reyes 21.285 − 102.491 672.0 137.6
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In this manner, the area under the Lorenz curve was eval-
uated as:

A ¼ 5000−∫1000 axebxdx ð3Þ

To define a classification in areas of low, medium, and high
concentrations at the local scale, it used two methodologies,
one based on the standardized anomaly which is computed by
subtracting the sample mean of the concentration index values
and dividing the corresponding sample standard deviation
(Wilks 2006) as:

z ¼ CI−CI
SCI

ð4Þ

Once the anomalies were calculated, the classification was
made taking as reference a distance of one standard deviation
from the sample mean, that is, the CI value was considered
high when the anomaly was equal or greater than 1, and low
when the computed anomaly was equal or less than − 1. The
CI values observed for anomalies between − 1 and 1 were
considered moderate.

The secondmethodology consisted in the calculation of the
first and third quartiles. In this manner, the CI values were
considered high when they were equal or greater than the
3rd quartile, and low when the CI values were equal or less
than the 1st quartile. The CI values observed between the
interquartile range were considered moderate.

3 Results and discussion

3.1 Concentration index of central-western Mexico

The behavior of concentration index as well as the regression
constants a and b and the percentage of precipitation contrib-
uted by 25% of the rainiest days of 37 weather stations located
in the central-western ofMexico are shown in Table 3. In these
results, it is observed that CI varies within 0.49 and 0.68. The
lowest values observed are related to areas where 25% of the
rainiest days contribute, in average, with 59% of the annual
precipitation, while on the other hand, the highest values are
associated with places where 25% of the rainiest days contrib-
ute to 77% of the annual precipitation. The observed differ-
ence of 18% suggests that in San Gregorio (station 14125), a
more regular daily precipitation patter could be expected than
in Cihuatlán (station 14028). It is because, according to the
observed rainfall regime of the study area, low values of the
concentration index can be related to convective precipitation
patterns while high values are associated with the tropical
cyclonic activity of the Pacific Ocean (García 2003).

Compared with other studies, the values of the concentra-
tion index observed in central-western Mexico are higher than

those observed by Suhaila and Jemain (2012) in Peninsular
Malaysia and Zubieta et al. (2017) in the central Andes of
Peru, and lower than all the other studies cited in Table 1. It
is a result of the different climatic systems observed in all
these countries.

Regarding the regression constants, the results show that as
the CI value increases, the constant b is the one with the
highest incidence in the behavior of the concentration curves.
It suggests that for high values of the CI, the concentration

Table 3 Regression constants a, b, concentration index, and percentage
of precipitation contributed by 25% of the rainiest days

Station Id CI a b % precipitation

14002 0.55 0.0483 0.0301 65.4

14011 0.61 0.0277 0.0354 70.4

14016 0.58 0.0364 0.0329 67.8

14017 0.55 0.0534 0.0291 64.5

14018 0.53 0.0634 0.0273 63.2

14026 0.52 0.0672 0.0268 62.4

14028 0.68 0.0108 0.0446 77.0

14029 0.51 0.0755 0.0257 61.1

14034 0.58 0.0361 0.0330 67.8

14035 0.57 0.0397 0.0322 66.7

14036 0.59 0.0298 0.0350 69.1

14038 0.58 0.0338 0.0337 68.3

14046 0.50 0.0839 0.0246 60.2

14048 0.60 0.0275 0.0357 70.0

14052 0.55 0.0515 0.0294 65.0

14053 0.54 0.0545 0.0289 64.3

14056 0.53 0.0590 0.0282 63.3

14067 0.62 0.0256 0.0361 71.2

14070 0.57 0.0407 0.0318 66.9

14072 0.58 0.0364 0.0329 67.8

14080 0.56 0.0451 0.0308 65.9

14081 0.60 0.0274 0.0357 70.1

14087 0.57 0.0420 0.0315 66.6

14089 0.58 0.0375 0.0326 67.6

14099 0.53 0.0657 0.0270 62.7

14100 0.56 0.0460 0.0307 65.5

14118 0.58 0.0365 0.0329 67.7

14122 0.51 0.0797 0.0250 61.0

14123 0.54 0.0561 0.0286 64.1

14125 0.49 0.0893 0.0241 59.2

14136 0.57 0.0398 0.0321 66.8

14144 0.54 0.0590 0.0280 63.9

14155 0.54 0.0602 0.0297 58.1

14156 0.53 0.0637 0.0273 63.0

14157 0.55 0.0498 0.0298 65.1

14180 0.55 0.0509 0.0296 64.9

14266 0.58 0.0353 0.0332 68.1
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curves could be modeled in an acceptable manner with an
equation that depends only on one constant.

3.2 Behavior of the concentration index at a global
scale

The concentration index ranges between 0 and 1
(Vyshkvarkova et al. 2018), where 0 is related to a very low
concentration (complete uniformity) and 1 with a very high
concentration of the precipitation (Shi et al. 2014). On this
basis, the concentration index could be intuitively classified
on a global manner into five categories: (1) 0–0.2 as a very
low concentration, (2) 0.2–0.4 as low concentration, (3) 0.4–
0.6 as moderate concentration, (4) 0.6–0.8 as high concentra-
tion, and (5) 0.8–1 as a very high concentration.

However, the results suggest that there is a low probability
for the precipitation to cover all ranges because the observed
CI values tend to concentrate mainly between moderate and
high categories. This can be reinforced if it is taken into ac-
count that Monjo and Martin-Vide (2016) founded in their
study about the daily precipitation concentration around the
world according to several indices that the Gini index, which
is very similar to the CI, varies from 0.38 to 0.87.

Figure 1 shows some simulated concentration curves for
the main categories according to empirical data as well as an
extrapolated concentration curve in order to identify the be-
havior of the CI for lower categories. In this figure, it is ap-
preciated, on average, that for the concentration index of 0.42,
25% of the rainiest days concentrate around 50% of the pre-
cipitations. On the other hand, it is appreciated that for values
of concentration index above 0.5, the curves show a very slow

initial increase, which means that a large percentage of events
concentrate only on a small percentage of precipitation. For
example, in the case of CI = 0.5, 25% of the rainiest days
concentrate, in average, 60.5% of the precipitation while for
CI values of 0.6, 0.7, and 0.8, the 25% of the rainiest day’s
concentrates, on average, 70%, 79%, and 90.5% of the pre-
cipitation, respectively.

On the contrary, based on the extrapolation for the CI of
0.2, it can be observed that the distribution of precipitation is
more uniform, since 25% of the rainiest days concentrate, on
average, 38% of total precipitation.

The frequency distribution of the concentration index for
all CI values presented in the research works available shows
that this index varies within a compact and defined range of
0.42 to 0.81 (Fig. 2). Range is similar but greater than that
founded by Cortesi et al. (2012) across Europe (0.51–0.72)
and a little lower than that observed by Monjo and Martin-
Vide (2016) around the world. The lowest values were ob-
served in Perú (Zubieta et al. 2017) and the highest in China
(Zhang et al. 2009). The observed range in the CI values
indicates that according to the previous categorization, the
concentration of the precipitation in the countries considered
in this work is between moderate and high. In fact, the per-
centage of CI value greater than 0.5, which was 94%, suggests
the fact that precipitation is effectively a process with a trend
of high concentration. In Fig. 2, it also can be appreciated that
values greater than 0.8 are very scarce (< 0.2%) which indi-
cates that the probability of finding places where the concen-
tration of the precipitation was very high is less probable. This
is because a CI greater than 0.8 implies that 25% of the rainiest
days concentrate more than 90% of the total precipitation. In
the papers consulted in this work, only in Zhang et al. (2009) a
CI value of 0.805 was found and it was attributed mainly to
precipitations coming from typhoons which are usually of the
northwestern Pacific.
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3.3 Behavior of the concentration index at a local
scale

Figure 3 shows the distribution of the concentration index by
country. The lowest values of the concentration index are lo-
cated in the Mantaro River basin in central Andes of Peru
(Zubieta et al. 2017) and in Peninsular Malaysia (Suhaila
and Jemain 2012), and the highest values in the Pearl River
basin of China (Zhang et al. 2009). The lowest values ob-
served by Zubieta et al. (2017) are related to semiarid condi-
tions with low precipitations while the values observed by
Suhaila and Jemain (2012) are related to monsoons. In
Fig. 3, it is noticeable that in some countries, the distribution
of the concentration index is not uniform due to the presence
of both negative and positive skewness.

Ranges of variation of the concentration index at a local
scale have been found from 0.07 to 0.19. The mean value was
0.12 ± 0.041. On average, the range within the CI oscillates is
practically a quarter of the observed value on a global basis.
The smallest range of variation by country was observed in the
Pearl River basin of China (Zhang et al. 2009), followed by
the Southern Russia (Vyshkvarkova et al. 2018), the Canary
Islands (Mayer and Marzol 2014), and the upper reaches of
the Huai River of China (Shi et al. 2014), while the wide range
was founded in Peninsular Malaysia (Suhaila and Jemain
2012) and in central-western Mexico (Own data).

Despite the differences observed in the ranges of variation,
in all countries, the existence of low, medium, and high con-
centrations is recognized, although in each country, the thresh-
olds that define the categories are different. The results obtain-
ed for the classification of the concentration index through
two methodologies are presented in Table 4. In this table, it
is observed that although it seems that the differences are
small, they are really important since in some cases, a differ-
ence of one hundredth can represent up to 10% of the variation
in the concentration of precipitation at the local scale.

When comparing the two classifications, it is observed that
the classification based on standardized anomalies could be
considered more conservative because the ranges of extreme
values (low and high) are lower than those found with the
quartile-based methodology. This is because the quartiles di-
vide a data set into four equal parts which cause the extreme
ranges to be greater. Therefore, it can be considered a stricter
condition. One advantage of using the standardized anomaly
is that it is not necessary to assume that the data follow any
particular distribution in order to express them in terms of
standardized anomalies (Wilks 2006).

According to the proposed classifications for the concen-
tration index, it was found that the classification presented in
Zhang et al. (2009) is very similar to that obtained with the
standardized anomaly methodology, while in the case of the
classification proposed by Vyshkvarkova et al. (2018), both
methodologies generate the same results and they match with
the threshold for the highest category of concentrations.
However, in the case of the lower category, the proposed
methodologies result in a value greater than that proposed
by these researchers.

Finally, in the case of the classification proposed by Llano
(2018) for the lower category, there is a total coincidence with
the methodology based on standardized anomalies; however,
in the case of the higher category, the coincidence is better
with the methodology based on the quartiles. Thus, the results
of the comparisons made show that the methodology based on
standardized anomalies could become a good reference since
it shows good performance even in regions where the concen-
tration of precipitation is very high as in the case of the Pearl
River basin of China.

3.4 Comparison of the behavior of the concentration
index at global and local scales

The classifications presented above show that the concentra-
tion of daily precipitation can be analyzed from two perspec-
tives, global and local. The global classification allows know-
ing the general level of concentration of daily precipitation of
one country or region according to themathematical definition
of the CI, while the local classification allows analyzing with-
in the range of local variation the conditions of concentration
of the precipitation at this scale. For example, in the case of the
central-western Mexico, it can be observed that at the global
level, the concentration of the precipitation is within moderate
and high categories, approaching the average to 0.6, which
indicates that in this region, 25% of the rainiest days could
concentrate up to 70% of the total rainfall. On the other hand,
at the local scale, according to the observed values and the
classification based on standardized anomalies, it can be seen
that the concentration of the precipitation can be considered
locally low for the values lower than 0.52; on the contrary,
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when the CI value is equal or greater than 0.6, the concentra-
tion is considered as high.

In the same manner, if we take as a reference the results of
Zhang et al. (2009), it can be appreciated on a global scale that
the region where the Pearl River basin is located is the one
which has shown the highest CI values and therefore, the
highest concentration of the precipitation in the case of the
research works consulted. However, despite the observed
high concentrations, Zhang et al. (2009) recognize that on a
local scale, the CI values lower than 0.75 are related to a low
concentration of the precipitation while the values higher than
0.78 are related locally to high concentrations of the
precipitation.

In general, analyzing Fig. 3 in conjunction with Table 4, the
behavior of the CI can be known both on a global and local scale
for each of the geographical areas taken into account in this study.
According to Fig. 3, the presence of two main groups of precip-
itation concentration is notorious. One group considered within
the categories of moderate to high concentration, and the other
group in the range between the categories of high concentration
to very high. Although twomain groups of precipitation concen-
tration were identified at a global scale, at the local scale, signif-
icant differences were observed between the analyzed geograph-
ical areas. An example of these differences can be observed
between the Lancang and the Pearl River basins, both located
in China, where in the case of the first basin, it is contemplated
that high concentrations of precipitation have occurred for CI
values higher than 0.67, while in the second basin, the highest
concentration conditions were observed for CI values greater
than 0.79. It indicates that in the Lancang river basin, 25% of
the rainiest days could concentrate up to 76% of the total rainfall
while in the Pearl River basin, 25% of the rainiest days could
concentrate up to 90% of total precipitation.

4 Conclusions

The concentration index (CI) has been widely used in recent
years to analyze the statistical structure of daily precipitation.
This indexwas proposed byMartin-Vide (2004) to explore the
contribution of the days of the greatest rainfall to the total
amount. However, sometimes, the interpretation of the con-
centration index is confusing because in the majority of the
research works, more emphasis has been placed on the analy-
sis of the behavior of this index on a local scale, which makes
it difficult to compare results between different research pro-
jects. The results of this work show that the concentration of
daily precipitation, according to the concentration index, can
be analyzed from two perspectives, global and local. The
global analysis allows to know the general level of concentra-
tion of daily precipitation of one country or region while the
local analysis allows to visualize within the range of local
variation the conditions of concentration of the precipitation
at this scale.

At the global scale, according to the analyzed data, it was
founded that the concentration of the precipitation is between
moderate and high due to this, index varies within a compact
and defined range of 0.42 to 0.81. The lowest values were
observed in Peru where 25% of the rainiest days concentrate
around 50% of the precipitations, and the highest values were
found in China where 25% of the rainiest days can concentrate
up to 90.5% of the total precipitation.

At the local scale, the methodologies proposed for the clas-
sification of the concentration index show good performance
even though the classification based on standardized anoma-
lies could be considered more conservative because the ranges
of extreme values (low and high) are lower than those found
with the quartile-based methodology.

Table 4 Classification of concentration index according to the proposed methodologies

Research work Based on standardized anomalies Based on quartiles

Low Medium High Low Medium High

PER17 < 0.46 0.46 ≤CI ≤ 0.53 > 0.53 < 0.46 0.46 ≤CI ≤ 0.53 > 0.53

MAL12 < 0.50 0.50 ≤CI ≤ 0.58 > 0.58 < 0.52 0.52 ≤CI ≤ 0.55 > 0.55

MEX18 < 0.52 0.52 ≤CI ≤ 0.60 > 0.60 < 0.54 0.54 ≤CI ≤ 0.58 > 0.58

RUS18 < 0.58 0.58 ≤CI ≤ 0.61 > 0.61 < 0.58 0.58 ≤CI ≤ 0.61 > 0.61

IND15 < 0.57 0.57 ≤CI ≤ 0.63 > 0.63 < 0.58 0.58 ≤CI ≤ 0.62 > 0.62

ARG18 < 0.58 0.58 ≤CI ≤ 0.64 > 0.64 < 0.59 0.59 ≤CI ≤ 0.62 > 0.62

ESP04 < 0.56 0.56 ≤CI ≤ 0.64 > 0.64 < 0.57 0.57 ≤CI ≤ 0.61 > 0.61

ALG15 < 0.60 0.60 ≤CI ≤ 0.66 > 0.66 < 0.61 0.61 ≤CI ≤ 0.65 > 0.65

CHN13 < 0.60 0.60 ≤CI ≤ 0.67 > 0.67 < 0.61 0.61 ≤CI ≤ 0.66 > 0.66

ESP17 < 0.63 0.63 ≤CI ≤ 0.70 > 0.70 < 0.64 0.64 ≤CI ≤ 0.69 > 0.69

ESP14 < 0.64 0.64 ≤CI ≤ 0.69 > 0.69 < 0.65 0.65 ≤CI ≤ 0.69 > 0.69

CHN14 < 0.66 0.66 ≤CI ≤ 0.71 > 0.71 < 0.67 0.67 ≤CI ≤ 0.71 > 0.71

CHN09 < 0.75 0.75 ≤CI ≤ 0.79 > 0.79 < 0.76 0.76 ≤CI ≤ 0.79 > 0.79
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The comparison of the concentration index on the global
and local scale allows knowing the general level of concen-
tration of daily precipitation of one country or region accord-
ing to the mathematical definition of the CI in the first case,
while the local classification allows knowing within the range
of local variation the conditions of the concentration of pre-
cipitation at this scale.
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