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ABSTRACT:

Hydrological information is essential for adequate water resources management as well as for water supply, energy
supply, water allocation, among other services. However, this information does not always exist in quantity and
quality to be used in hydrological or water management studies, and alternative methods are required to estimate
minimum flows. Estimation based on homogeneous regions enables to transfer observation data from a known
location to a location without data, but in the same region. Since the fluviometric stations in the state of Goias (Bra-
zil) are not uniformly distributed, the present work aimed at delimiting homogeneous regions of minimum flows,
using the cluster grouping method with the K-means algorithm.Thus, 71 fluviometric stations with at least 5 years
of continuous data were selected, obtained from the HIDROWEB system. In addition to the observed data, other
variables were considered, such as drainage area, perimeter, specific minimum flows Q7,10, Q90, Q95 and aver-
age slope. The use of all these variables together with the observed data made it possible to determine,with great
accuracy, 5 homogeneous regions of minimum flows based on the cluster analysis, enabling to obtain the minimum
flows of reference for each region.In the selected homogeneous regions, it was possible to observe that the regions
with the highest values of average slope presented smaller minimum flows, and the same could be observed under
inverse conditions, i.e., lower values of average slope had higher minimum flows.It is also noteworthy that river
monitoring is deficient in the center-south and center-north parts of the state of Goids, making water resources
management difficult. This fact indicates, therefore, the need to expand the river monitoring system throughout the
state, especially in its southern and northern regions.

Keywords: Reference flows, permanence curve, K-means method, flow regionalization, water management.

INTRODUCTION

Water is fundamental to maintain life on the
planet. Besides, water in sufficient quantity and
with adequate quality is also a requisite for hu-
man activities in its multiple uses: human and
animal consumption, health, agriculture, industry,

energy generation, transportation, leisure and
recreation, sewage, and effluent dilution, among
others. Therefore, correct water resources man-
agement becomes crucial to the development of
the countries and regions as well to conservation
and maintenance of water sustainable for pres-
ent and future generations.In this perspective, the
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availability of water resources in quantity and
quality is fundamental for the occurrenceof eco-
nomic activities, as well as for water supply for
both human and animal consumption. Watersheds
function as planning and management units, as-
suming a fundamental role when it comes to
maintaining water resources sustainablefor pres-
ent and future generations. The rational and inte-
grated use of water for the prevention and defense
against critical hydrological events (in the con-
text of minimum flows), represent the aspects that
are objectives of the main legal water resources
management instrument in Brazil, the Water Re-
sources National Policy, established by Federal
Law No. 9.433/1997 (Brazil, 1997).

It is thus necessary to have suitable legal in-
struments to properly manage water resources
and avoid water scarcity situations that may lead
to water crisis, a condition that is more and more
frequent in many parts of Brazil and the world.
In this regard, the knowledge on the hydrological
behavior of the place of interest is essential for
water resources management and planning out to
be carried out, since it plays an important role in
several types of water useprojects, such as water
supply, energy supply, among others (Cupak et
al., 2017). However, the areas of interest do not
always have enough information, for several rea-
sons, thus, flow estimation methods are needed
(Kim et al., 2016).According to Aratjo & Rocha
(2010),water resources assessment, in respect
to water availability, can be performed through
minimum, average and maximum flows, togeth-
er with the variation of precipitation. Smakthin
(2001) relates that minimum flows are respon-
sible for indicating natural water availability in
a watershed and are essential variables for wa-
ter use management, for example, and may also
influence the management of conflicts in water
scarcity scenarios (Granemann et al., 2018).

It is noteworthy that for the state of Goias, the
State Water Resources Council (CERHi) resolu-
tion n° 22/2019 (Goias, 2019), which replaced the
old resolution n° 09/2005 (Goias, 2005), defines
as a reference, the minimum flow rate with guar-
antee of 95% in time (Q95). The same minimum
reference flow has been adopted by several Brazil-
ian states: Rio de Janeiro, EspiritoSanto, Parana,
Mato Grosso, Mato Grosso do Sul, among oth-
ers. However, in the states of Minas Gerais and
Sao Paulo, the reference flow used for manage-
ment of water (water allocations) is the minimum
flow with seven days of duration and ten years of
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return (Q7.10), while some Brazilian states adopt
a flow rate that equaled or exceeded 90% of the
time (Q90).0On the other hand,the state of Goias
has an insufficient fluviometric monitoring net-
work according to the World Meteorological Or-
ganization (WMO; 2008), for the adequate char-
acterization of the behavior of the minimum flows
of its water courses as it was noted by Basso et al
(2022). In addition, in the existing stations, some
problems are observed in the collected data, such
as the presence of faults (missing data), incon-
sistent data and short periods, thus, the collected
information is not sufficient to carry out accurate
analyses. According to (Beskow et al., 2013), this
fact occurs more frequently in watersheds of me-
dium and small dimensions.

For this reason, one of the available alterna-
tives is the estimation of flow through region-
alization, a method used as a way of filling the
deficit of hydrological data in places with little
or no information (Eslamian and Biabanak, 2008;
Samuel et al., 2011; Pruski, et al., 2012; Basso et
al., 2022). The use of the method has shown sat-
isfactory results and can provide flexibility in the
decision-making process, but it does not replace
the need to monitor hydrological variables (Ma-
ciel et al., 2019). Thus, to improve minimum flow
regionalization methods, several studies seek to
group hydrological variables into homogeneous
regions, considered when there is evidence that
the information can be transferred from one loca-
tion to another (Zhang and Stadnyk, 2020). De-
limitation of these regions can be performed in
different ways, since there is no consensus on a
single regionalization methodology to be applied
in all situations (Hosking and Wallis, 1997; Raza-
vi and Coulibaly, 2013).

Several national and international studies
present different methodologies for the determi-
nation of homogeneous regions, such as frequen-
cy distribution analysis (Burn, 1989; Tucci et al.,
1995), cluster analysis via the Ward hierarchical
method (Nathan and McMahon, 1990; Kazemza-
deh and Malekian, 2018), from fuzzy c-means
(Hall and Minns, 1999; Gomes et al., 2018; Silva,
2018), hybrid methods (Gaal et al. 2009; Farsad-
nia et al., 2014; Nadoushani et al., 2018), the k-
means method (Demirel et al., 2007; Kahya et al.,
2007; Dikbas et al., 2013; Wu et al., 2015; Liicke
and Forster, 2019), among others.

The k-means method has been widely used
because it has advantages over other methods,
such as having low complexity, fast computation,
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having the capacity to process large data sets and
the adjustable grouping association (Aytag, 2020).
According to Dikbas et al. (2013) the method
can be successfully applied in the classification
of maximum annual flows and in the identifica-
tion of hydrologically homogeneous regions. On
the basis of homogeneous regions, it is possible
to transfer data from one location to another,
where these do not exist or are scarce, facilitating
management in watersheds without monitoring
(Nadoushani et al., 2018). Therefore, the present
paper aimed to fill the gaps in different watershed
with low or none, fluviometric stations, through
the determination of homogeneous regions of
minimum flows, using the k-means cluster analy-
sis methodology, enable a better management of
water resources in the state of Goias in Brazil:

MATERIALS AND METHODS

Study area

The study was conducted for the state of
Goids, which is in the Center-Western region of
Brazil. It occupies an area of 340,242.82 km?
(IBGE, 2020), which represents about 4% of the
national territory. Goids has 246 municipalities
and an estimated population of approximately
7.2 million inhabitants (IBGE, 2021). The study

area is divided into 11 watersheds according to
the State Water Resources Plan -PERH (Goias,
2016), considered as Water Resources Planning
and Management Units (WRPMU/UPGRH). The
low density of fluviometric stations located in the
southern and northern regions of the state can also
be observed in Figure 1.

Methods

With the information provided by the Na-
tional Water and Sanitation Agency (ANA),
through HIDROWEB system, 71 fluviometric
stations were used (Figure 1) with at least 5
years of continuously observed data. In this way,
the number of stations is below the minimum
recommended quantity (182). This recommen-
dation is based on the indications of the WMO
(2008) of the need for a station every 1,875 km?,
taking into consideration inland plains and un-
dulating reliefs. As proposed by Tucci (2001),
in the regions with well determined dry and wet
seasons, as is the case of Goias, it is possible
to perform the hydrological year approach. Be-
cause of this, the seasons were organized into
hydrological years, in which the month of March
is considered as the beginning of the hydrologi-
cal year, according to Honorio (2020).

With the historical series organized, the per-
manence curves for each station were determined.
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Figure 1. State of Goias with the division into UPGRH and arrangement of the fluviometric stations
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From this, the flow rate that is matched or ex-
ceeded during 90 percent of the time (Q90) and
the one that is matched or exceeded during 95
percent of the time (Q95) were obtained. These
two flows (Q90 and Q95) are used in many states
as a grantable reference flow. However, in other
states, the reference flow is the minimum flow of
7 days duration and 10 years of recurrence time
(Q7, 10). Yet, for the determination of Q7,10, at
least 10 years of observed data are necessary. Al-
though 11 of the 71 selected stations did not meet
this requirement, they could not be discarded
as they belong to basins with little information.
Thus, to determine Q7.10 in these 11 stations, the
Log-Pearson type III probability distribution was
used, which best adhered to the data, according to
the Kolmogorov-Smirnov test.

Therefore, with the reference flows (Q90,
Q95 and Q7.10) of the fluviometric stations, to
better characterize the hydrographic basins of the
state, the physical and geological descriptions
that present greater impacts on the behavior of the
flow of BH were carried out. In this way, the BH
drainage area and perimeter, the main variables in
determining the water potential, were determined.
Regarding the verification of the possibility of re-
charge of the water table and infiltration (impor-
tant for minimum flow), the BH were character-
ized in relation to the average slope, circularity
and compactness index, type and use of the soil.

The method of the curve number (CN) was
used for the characterization of the type and
use of the soil.In this method —presented by the
Soil Conservation Service (SCS) in mid-1950s
—characteristic values for each type and use of
the soil are shown in a standard table of the SCS
(Aratijo-Neto et al., 2012). The determination of
the weighted CN of each watershed was carried
out using MapBiomas data (Souza et al. 2020),
which presents the products of type and land
use. For the grouping to have greater accuracy,
the minimum flows were transformed into spe-
cific flows, directly relating the area of the hy-
drographic basin. To explain the shape of the ba-
sin, the compactness and circularity indices were
used, obtained through the relationship between
the area and the perimeter.

Data processing

Initially, a linear correlation analysis was per-
formed at a significance level of 95%, among all
hydrological variables. This analysis aimed to
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identify similar behaviors among the variables,
previously indicating the main variables to be
used in the application of the cluster analysis.
In this way, the lowest intra-group variability
and greater variability between the groups was
verified and observed..Cluster analysis was per-
formed with all stations and all variables previ-
ously characterized. The grouping of stations was
performed with the help of the Statistica 7.0 soft-
ware, which allows the analysis using hierarchical
and non-hierarchical methods. The first consists
of the mathematical treatment of each sample as
a point in the multidimensional space described
by the chosen variables. Next, the distance from
this point to all the others is calculated, thus de-
fining a descriptive matrix of proximity between
all stations.A dendrogram was constructed from
the matrix, in which the samples were partitioned
into internal homogeneous and external hetero-
geneous groups. The partition can be performed
with different algorithms, such as single-linkage,
complete-linkage, and Ward method, among oth-
ers (Hosking and Wallis, 1997).

The non-hierarchical K-means agglomera-
tive method aims to partition the data into sev-
eral “K” clusters in order to minimize the internal
distance and maximize the external distance be-
tween them. To do so, it uses the Euclidean dis-
tance as a measure of dissimilarity between the
variables (Borges, 2010). This method was used
in data grouping because it is considered simple
and presents good results.The Euclidean distance
was obtained using the Pythagorean theorem for
a multidimensional space. It is a measure of dis-
similarity that corresponds to the square root of
the sum of the squares of the differences between
the pairs of observations (a and b) for all n vari-
ables (Bussab et al., 1990), according to Eq. 1.
The closer to 0, the greater the degree of similar-
ity of the objects of study (Seidel et al., 2008).

dop = \/Z Xar — Xpi)? (1)
=1

where: d,p—thedistancebetweenelementsaandb;
X,k — the value assumed by the variable k
of element a;
Xpk — the value assumed by the variable k
of element b.

First, K initial centroids are chosen, which
represent the centers of the K clusters given by
Cl1, ..., CK, where K > 2. Next, ecach matrix value
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is labeled in relation to the centroid of the most
similar class. Therefore, the centroids have their
values updated based on the values that currently
belong to the respective clusters. Thus, the pro-
cess is repeated as long as the stopping criterion is
not obtained (Seidel et al., 2008). In this work, the
algorithm ended its execution when the centroids
remained unchanged between two iterations.

RESULTS AND DISCUSSION

From the characterization of each watershed
in relation to several variables (Table 1), it was
possible to observe that the CN ranged from 25
to 88, the flow Q7.10 ranged from 0.00004 to
0.01596 m?*/s-km?, the flow Q90 from 0.00021
to 0.02053 m3/s-km?, and the flow Q95 between
0.00012 and 0.01684 m?s-km? The average
slopes of the stations watersheds were obtained
based on the Shuttle Radar Topography Mission
(SRTM) relief data and their values ranged from
2.654 to 14.055 degrees, the compactness index
ranged from 1.510 to 3.548 and the circularity in-
dex ranged from 0.078 to 0.432.

Therefore, the correlation matrix between the
variables used in the formation of the clusters
(presented in Table 2) was applied. A high corre-
lation is observed between the flows, with values
above 0.78, which does not occur for the other
variables. An inverse relationship between the
flows and the average slope since the correlations

ranging between -0.3204 and -0.1659 was also
identified. As expected, the correlation between
the compactness and roundness indices was con-
siderable, above 0.92, since both are obtained
through the relationship between perimeter and
area; however, this correlation is inversely pro-
portional.. The relationships of the flows with the
indices found and the slope were not relevant be-
cause they presented small values, approximately
0.25 and 0.35, respectively.

Several centroids were tested in the applica-
tion of the k-means algorithm. The cluster that pre-
sented the best measures of distance between the
groups was obtained using 5 centroids in most sce-
narios since, initially, all variables were included
in the analysis, which resulted in a complex clus-
ter and made it impossible to determine regions.
Then, it was grouped based only on the reference
flows (Q90, Q95 and Q7.10), which was already
expected since the variables present a strong cor-
relation (>0.7). This corroborates the studies by
Elesbon et al. (2015), in which they performed a
multivariate analysis and indicated that the main
grouping variables are the minimum flows and the
watershed area. These are directly related to the
reference flows, thus obtaining a satisfactory de-
termination of the homogeneous regions.

When analyzing Table 3, it is possible to vi-
sualize the description of the behavior of the vari-
ables in each of the 5 regions. Formed by 26 sta-
tions, region 1 is characterized by values of specif-
ic minimum flows of reference with an average of

Table 1. Specific permanence flows and physical characteristics of each fluviometric station, Goias, Brazil

Code ON | Q,,, (mYskm?) | Q,, (ms.km?) | Q (m¥s.km?) A‘S’fgsge C°miggg(”ess C'Esg';:'ty
60680000 | 50 0.00224 0.00454 0.00362 4934 2.595 0.146
60665000 | 79 0.00285 0.00496 0.00398 4786 1.930 0.264
60654000 | 25 0.00303 0.00562 0.00465 5.801 1935 0.263
60650000 | 79 0.00289 0.00529 0.00452 5.452 2.001 0.246
60640000 | 88 0.00216 0.00426 0.00356 5.626 1.984 0.250
60642000 | 25 0.00268 0.00521 0.00432 5.869 2.090 0.226
60653000 | 47 0.00260 0.00633 0.00477 4357 1518 0.428
60635000 | 64 0.00290 0.00490 0.00404 6.607 1,609 0.381
60477300 | 81 0.00169 0.00333 0.00275 3.576 1923 0.266
60500000 | 81 0.00291 0.00510 0.00420 4.444 2.456 0.163
60540000 | 68 0.00252 0.00513 0.00419 4798 2.045 0.236
60432000 | 81 0.00628 0.00979 0.00838 4.484 1.949 0.259
60433000 | 75 0.00261 0.00471 0.00388 6.284 2.054 0.234
60545000 | 25 0.00312 0.00575 0.00478 5.224 2.205 0.203
60590000 | 75 0.00179 0.00385 0.00295 4382 2372 0.175
60430000 | 79 0.00456 0.00657 0.00574 6.244 1974 0.253
60160080 | 47 0.00333 0.00555 0.00512 4.945 3.295 0.091
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Table 1. Cont. Specific permanence flows and physical characteristics of each fluviometric station, Goids, Brazil

60200000 68 0.00269 0.00480 0.00405 5.093 1.857 0.286
60050000 50 0.00244 0.00446 0.00381 3.748 2.586 0.147
60020000 64 0.00205 0.00429 0.00331 3.346 2.196 0.204
60765000 50 0.00115 0.00261 0.00195 3.278 2.281 0.189
60750000 47 0.00102 0.00237 0.00166 3.925 2211 0.202
60774000 50 0.00664 0.00976 0.00856 2.985 2.291 0.188
60810000 50 0.00246 0.00549 0.00422 2.654 1.892 0.275
60772000 84 0.00180 0.00339 0.00284 3.828 1.910 0.270
60785005 79 0.00827 0.01055 0.00956 2.932 3.057 0.105
60778000 81 0.00699 0.00989 0.00879 2.816 3.249 0.093
60798000 50 0.00510 0.00770 0.00675 2.872 2.005 0.245
60805000 88 0.00226 0.00445 0.00351 3.414 2.069 0.230
60790000 50 0.00558 0.00790 0.00706 2.886 2.045 0.236
60781000 55 0.00574 0.00864 0.00760 2.822 2.115 0.220
60715000 72 0.00102 0.00257 0.00175 4.894 2.315 0.184
25800000 86 0.00007 0.00058 0.00034 3.570 2.188 0.206
25200000 57 0.00306 0.00448 0.00398 4.855 3.176 0.098
25750000 55 0.00004 0.00021 0.00012 4.792 1.997 0.247
25700000 88 0.00213 0.00391 0.00333 4.506 3.390 0.086
25950000 88 0.00206 0.00338 0.00285 4.266 3.548 0.078
20250000 86 0.00193 0.00422 0.00336 5.729 2.076 0.229
20100000 75 0.00199 0.00417 0.00339 7.097 2.013 0.243
20050000 81 0.00305 0.00419 0.00371 5.149 2.098 0.224
20200000 72 0.00181 0.00389 0.00295 5.328 2.008 0.245
20009000 81 0.00391 0.00618 0.00577 5.951 1.616 0.377
20489100 81 0.00109 0.00255 0.00198 5.963 2.096 0.224
24070000 59 0.00733 0.00889 0.00837 4.017 2.060 0.232
24196000 68 0.00146 0.00224 0.00189 5.249 2.248 0.195
24800000 25 0.00185 0.00319 0.00271 5.527 2.122 0.219
24750000 59 0.00203 0.00385 0.00309 6.263 1.990 0.249
24780000 72 0.00065 0.00220 0.00153 4.990 1.981 0.251
24700000 57 0.00419 0.00557 0.00500 5.221 2.910 0.116
24900000 64 0.00353 0.00524 0.00465 5.033 1.780 0.311
24950000 25 0.00177 0.00319 0.00266 5.107 2.512 0.156
24850000 25 0.00385 0.00513 0.00462 5.256 2.975 0.111
60895000 50 0.00867 0.01136 0.01029 2.682 2.195 0.205
60910000 67 0.00544 0.00763 0.00654 3.506 2.149 0.213
60940000 83 0.01443 0.01695 0.01572 2.804 2.909 0.116
60950000 72 0.00912 0.01141 0.01051 3.175 3.450 0.083
60870000 55 0.00613 0.00880 0.00779 4.047 1.819 0.298
21300000 88 0.00557 0.00687 0.00648 4.889 2.273 0.191
21580000 81 0.01596 0.01733 0.01684 5.836 2.054 0.234
21560000 25 0.00704 0.00849 0.00793 4.580 2.109 0.222
21600000 47 0.00270 0.00326 0.00299 5.175 2.544 0.152
21500000 25 0.00217 0.00275 0.00251 4.914 2.404 0.171
21220000 86 0.00040 0.00091 0.00070 5.581 2.160 0.211
25070000 75 0.00041 0.02053 0.00143 8.085 1.510 0.432
25090000 75 0.00081 0.00233 0.00148 9.567 1.540 0.415
25140000 83 0.00173 0.00269 0.00222 2.969 1.956 0.258
25120000 75 0.00061 0.00198 0.00128 5.894 1.786 0.309
25130000 25 0.00034 0.00140 0.00098 5.531 1.909 0.270
25100000 81 0.00082 0.00264 0.00163 8.889 1.652 0.361
20699000 81 0.00292 0.00442 0.00393 14.055 2.159 0.211
20950000 67 0.00159 0.00195 0.00180 6.533 2.473 0.161
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Table 2. Correlation matrix between the variables used in the formation of clusters

Variables CN Q,, Q, Q,, A;ﬁ;gge Compaciess | Clraularity
CN 1.0000 0.0358 0.0611 0.0246 0.1114 -0.0167 0.0810
Q, 0.0358 1.0000 0.7890 0.9899 -0.3048 0.2615 -0.2558
Q,, 0.0611 0.7890 1.0000 0.8073 -0.1659 0.0815 0.0160
Qq 0.0246 0.9899 0.8073 1.0000 -0.3204 0.2375 -0.2223
Average slope 0.1114 -0.3048 -0.1659 -0.3204 1.0000 -0.2964 0.3565
Compactness index -0.0167 0.2615 0.0815 0.2375 -0.2964 1.0000 -0.9238
Circularity index 0.0810 -0.2558 0.0160 -0.2223 0.3565 -0.9238 1.0000

0.00283 for Q7.10, 0.00450 for Q90 and 0.00385
m3/s for Q95. The average slope of this region
varies from 4,266 to 5,328 degrees. Region 2,
consisting of 19 stations, has average values for
the minimum specific flows Q7.10, Q90 and Q95,
0.00278, 0.00551 and 0.00389 m?/s, respectively.
Ranging from 5.452 to 8.085 degrees, it is pos-
sible to observe the average slope.With the av-
erage slope values ranging from 8.889 to 14.055
degrees, 3 stations made up region 3. With this, it
was possible to observe the minimum flows with
an average of 0.00151 m?/s for Q7.10, 0.00313
m?3/s for Q90 and 0.00163 m3/s for Q95.

With an average of 0.00298 for Q7.10,
0.00495 for Q90 and 0.00415 m?3/s for Q95, re-
gion 4 consists of 11 stations. This region is de-
fined by values of minimum average slope of
3.346 and maximum of 4.357 degrees.Region 5,
with slopes ranging from 2.654 to 3.278 degrees,
is made up of 12 stations. The average flow Q7.10
is 0.00632 m?3/s, with an average of 0.00874 m?/s
the flow Q90 is observed. Q95 flow has an aver-
age of 0.00776 m>/s.

It can be seen in Table 3 that the regions with
the steepest average slope tended to have lower
values of reference flows (m3/s.km?), since the
minimum flows are maintained by the water ta-
ble, and the higher the slope, the greater the verti-
cal distance to the surface, in accordance with the
results obtained by Nogueira (2017). The same
applies for the regions with lower values, that is,
the lower the vertical distance, the higher the ob-
served minimum flow rate.The values of the com-
pactness and circularity indices presented similar
mean values, as shown in Table 3. These did not
interfere considerably in the determination of the
5 regions, as well as the CN values.

Table 4 shows the values obtained for the
Euclidean distance (application of equations 1)
between the clusters obtained via Statistica 7.0.
The distances ranged from 0 (when it comes to

the distance from the cluster to itself) to 3.249 (as
the distance from cluster 3 to cluster 5), making
it possible to analyze that C3 is the one with the
highest values of distance to the others.

Figure 2 presents the distribution of the 5
homogeneous regions for the state of Goias,
thus facilitating the visualization of regions with

Table 3. Minimum, average and maximum values of
each variable in each homogeneous region

| c1 | c2 [ c3 | ca | cs

CN
Minimum | 25 25 75 47 50
Average | 61 66 79 66 63
Maximum 88 88 81 88 83

Q, ,, (m3/s.km?)
0.00004 | 0.00034 | 0.00080 | 0.00007
Average |0.00283|0.00278 | 0.00151
Maximum | 0.00704 | 0.01590 | 0.00291
Q,,(Mm*/s.km?)

0.00209 | 0.00091 | 0.00232 | 0.00058 | 0.00261
0.00450 | 0.00551 | 0.00313 | 0.00495 | 0.00874
Maximum | 0.00978 | 0.02054 | 0.00442 | 0.00889 | 0.01694
Q,y(m?/s.km?)
0.00012 | 0.00070 | 0.00148 | 0.00033 | 0.00195
0.00385 | 0.00389 | 0.00163 | 0.00415 | 0.00776
Maximum | 0.00838 | 0.01684 | 0.00392 | 0.00836 | 0.01571
Average Slope (°)

Minimum 0.00115
0.00298 | 0.00632

0.00733|0.01442

Minimum

Average

Minimum

Average

Minimum | 4.266 | 5.452 | 8.889 | 3.346 | 2.654
Average | 4.859 | 6.098 | 10.837 | 3.756 | 2.906
Maximum| 5.328 | 8.085 | 14.055 | 4.357 | 3.278
Compactness Index
Minimum | 1.780 1.510 1.540 | 1.517 1.892
Average | 2.421 1.971 1.783 | 2.057 | 2.453
Maximum | 3.548 | 2.473 | 2159 | 2.585 | 3.449
Circularity Index
Minimum | 0.078 | 0.161 0.211 0.147 | 0.082
Average | 0.186 | 0.263 | 0.329 | 0.245 | 0.184
Maximum | 0.311 0.432 | 0415 | 0427 | 0.275
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Table 4. Euclidean distance (below the diagonal)
and Euclidean distance squared (above the diagonal)
between the formed clusters

C1 C2 C3 C4 C5
C1 0.000 0.276 5.954 0.239 0.659
C2 0.525 0.000 3.749 0.915 1.738
C3 2.440 1.936 0.000 8.366 | 10.561
C4 0.488 0.956 2.893 0.000 0.147
C5 0.812 1.318 3.249 0.384 0.000

homogeneous hydrological behavior. Hence, it is
possible to see that the central region of the state
is mostly composed of region 2, the east and west
ends represented by region 1, to the south, a mix
composed of region 4 and 5. Region 3 is difficult to
observe, since it only comprises 3 stations consti-
tuted it, highlighting how important it is to expand
monitoring in these regions to increase the reliabil-
ity of the clusters. The northernmost and southern-
most portions were not considered, as they do not
have stations analyzed in this study. Thus, it is pos-
sible to observe that the methodology presented
here indicated that the 11 UPGRH (Water Resourc-
es Planning and Management Units) in the state of
Goias could be shortened to 5 regions. This would
simplify the control and inspection of allocation
processes and would also improve the issue of ac-
curacy regarding the reference flows presented in
the State Plan for Water Resources-PERH (Goiés,
2016). It is noteworthy that the regions without

information were not included in any other region
due to the uncertainties involved in these areas.

Therefore, it is noteworthy that fluviometric
monitoring in Goias is more uniform in the central
region than in the extremities of the state, where
there are few monitoring stations. This fact indi-
cates that there is a need to improve the distribution
of fluviometric monitoring station. In order to oc-
cur more accurate technical studies, it is necessary
to expand monitoring in the state of Goias and in
Brazil as a whole. The availability of correct data
to characterize the different watersheds throughout
the state of Goids is a crucial instrument to cor-
rectly manage the state’s water resources and thus
conserve this precious good to present and future
generations and avoid water scarcity and crisis
situations. Thus, with the results presented here,
there is an indication that the use of physical and
hydrological characteristics of watershed improves
performance and optimizes the regionalization of
minimum flows. When using fluviometric stations
from different basins with different characteristics,
they often present estimates of water availability in
small basins, but when observing the monitoring
the water course dries up in the dry season. It is
noteworthy that fluviometric monitoring in Goias
is more uniform in the central region, while at the
extremes of the state there are few monitoring sta-
tions. There is a need to improve the distribution
of fluviometric monitoring stations for setting up
more accurate technical studies.

Tocantir Y
Bahia
Brazil
I
Minas Legend
Gerais | state of Goias
[T Regions without infor.
I Region1 1
[ Region2
Bl Region3
Bl Region4
Bl Regions
54.00°W 52,00°W 50.00°W 48.00°W 46.00°W 44.00°W
100 0 100 200 300

400 km

Figure 2. Regions with homogeneous behavior in the state of Goias
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CONCLUSIONS

The methodology presented in this study
made it possible to indicate regions and planning
units from the fluviometric stations in the State of
Goias (Brazil). The grouping that used the cluster
method together with the reference flows, based
on stations and their hydrographic basins, showed
a great accuracy, as it considered the observed
flow and the local characteristics, rather than the
geographic region in which the station was lo-
cated. Therefore, five specific homogeneous re-
gions were determined, which enabled obtaining
minimum flows for each region,, indicating the
reference flows and their characteristics. It is also
noteworthy that the use of the watershed average
slope was the physical characteristic that most in-
fluenced the definition of homogeneous regions.
Therefore, the methodology presented here pro-
vided a robust grouping in relation to the mini-
mum reference flows and it can be implemented
in other states/regions, thus improving the quality
of the estimation of local reference flows.
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