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Abstract. Geographic Information Systems (GIS) provide new methods and
tools for automatic data processing, which are used by organizations to improve
process management. The basin is considered as the basic unit of territorial plani-
fication, for which the hydrographic units delimitation is the key for water
resources administration. The lack of detail in basins geographical information
has to be solved, in order to optimize the decision-making process and related
tasks. Using the Pfafstetter methodology, the Jubones river basin was subdivided
into level 6. For this purpose, we used the level 5 hydrographic units, the SRTM
spatial resolution data model of 30 m and GIS software. Atlevel 5, 13943, 13944,
13945, 13947, 13948 and 13949 hydrographic units were identified. In accord-
ance with the selected method guidelines, 9 drainage areas were coded for each
hydrographic level 5 unit. 54 hydrographic units at level 6, of which 30 correspond
to inter-basins and 24 to basins, thus updating the geographical information. The
total subdivided area was 312,223.06 ha. It is important to replicate the research
in other basins and publish the results using the Spatial Data Infrastructure (SDI)
platforms.
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1 Introduction

Advances in computer technology contribute with new tools and methods, allowing the
strengthening of the different areas of science. Geographic Information systems (GIS)
is the field in which various branches of knowledge interact and are responsible for
managing specialized information, within which is related to river basins, which histor-
ically were delineated through the maps interpretation or topographic charts [1].

In accordance with [2] river basin is a catchment area in which drains the river and
its tributaries. It is formed in the highest relief regions delimited by the river basin
surface. According to FAO [3], in the catchment area are the natural resources, commun-
ities and their different economic activities.

In 1989, the Pfafstetter method emerged as an international standard for hydro-
graphic units’ delimitation and codification [4]. In compliance with [5] the method is
hierarchical and based on the field topology. which allows to improve the management
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of river basins and a more control action on those areas. Based on the theoretical foun-
dations, three types of hydrographic units are identified: Basin, inter basin and internal
basin [6]. [21] emphasizes that the system is hierarchical and the units are delimited
from the junctions of the rivers or from the point of convergence of a drainage system
in the ocean.

The GIS implementation for information structuring, storage and retrieval in hydro-
graphical databases was developed by [7]. According to [8], the geo-processing tools
use is of great importance for hydrographic water basins delimitation, allowing to opti-
mize time and resources. The delimitation through computational tools requires Digital
Elevation Model (DEM) database, which stores the terrain height values.

As claimed by [9] mathematical algorithms and altimetric data can be automatically
modeled using a computer, allowing the study and analysis of the Earth’s surface in a
three-dimensional shape. As stated above, the concept is supported by [10], who placed
emphasis on water basin extraction’s automated growth using the DEM. Actually, one
of the main data models is the Shuttle Radar Topography Mission (SRTM), which in
the criteria of [11], was a NASA-led project from which the TOPODATA project was
developed through the application of geo-statistical processes.

Several studies have been carried out using GIS, the Pfafstetter methodology and
the DEM, among which stand out: [1, 12—15]. In the Jubones demarcation, the main
basin is the so-called Jubones River basin, where the geographical information of the
sub-basin is important for the activities fulfillment demanded by the integral manage-
ment of water resources, requiring the sub-basin updated in necessary detail levels,
allowing project administration, formulation and planning as well as the correct deci-
sion-making and equitable distribution of water resources.

To fulfil the investigation purpose, the following objective was raised: Delimit the
Jubones River basin hydrographic units by using GIS software, which allows the correct
decision-making and effective water resources management. The following research
questions were formulated: what are the methods used for river basins delimitation?
What are the hydrographic units to be delimited in the Jubones river basin? What
encoding corresponds to each of the delimited hydrographic units?

2 Methodology

2.1 Geographic Location

The Jubones river basin forms part of Jubones hydrographic demarcation. It is located
geographically in the southern area of Ecuadorian territory, which can be seen in Fig. 1.

With an area of 431,860.86 ha, the basin covers part of the territory of 3 provinces:
El Oro with the cantons Machala, El Guabo, Pasaje, Chilla and Zaruma; Loja with the
canton Saraguro; Azuay with Nabo6n, Girén, San Fernando, Santa Isabel, Ona and
Pucara. The metric coordinates WGS84 zone 17 south. The study basin location are
detailed in Table 1.
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Fig. 1. Project location.

Table 1. Coordinates of the Jubones river basin.

Orientation X Y

NORTE 682,099 9,664,777
SUR 686,645 9,588,782
ESTE 730,820 9,638,668
OESTE 612,048 9,643,330
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2.2 Base Cartography

The National Water Secretariat officialized through ministerial resolution no.
2011-245, the use of information of basins up to level 5, delimited with the Pfaf-
stetter methodology [16]. The basin delineation process had as its main input the Hy-
droSHEDS, which contains the direction and accumulation of water flow.

The cartography of the hydrographic units in level 5, the hydrographic demarcations,
and the HydroSHEDS are part of the information bank of the demarcation. Other avail-
able maps are those released by the IGM at a scale of 1: 50,000, among which are the
subjects of simple rivers, double rivers, limits and reference points, the which are related
to the research and its development process.

2.3 Diagram of the Methodology

The methodology to be applied for the delimitation of hydrographic units is shown in
the diagram in Fig. 2.
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Fig. 2. Diagram of the methodology.

The following describes each of the stages of the methodology:

SRTM Data Collection (NASA): The SRTM data with 30 m resolution were down-
loaded from the USGS EarthExplorer page (http://earthexplorer.usgs.gov/). The data
download viewer graphical interface can be seen Fig. 3.
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Fig. 3. SRTM data download page.
In the discharge viewer, the coordinates of the basin to be delimited were defined,
which allowed only the required area to be discharged. The geographic coordinates

established, are structured in Table 2.

Table 2. Coordinates study area in viewer download.

Order | Latitude Longitude

1 03°00°00”S 80°00’00”0
2 03°00°00”S 78°54°55”0
3 03°45°00”S 78°54°55”0
4 03°45°00”S 80°00°00”0

Once specifying the coordinates in the viewer, the next step was to select the data
type to be downloaded, which was achieved through the Data Sets > Digital Elva-
tion > SRTM > SRTM 1 Arc-Second Global tab. The results displayed in the Results
tab, for your download in three formats: BIL, DTED or GeoTIFF.

Pre-processing of DEM: The DEM Pre-processing: The pre-processing phase is
determined by two specific tasks which are: Creation of the SRTM image mosaic and
the exclusion of incorrect values present in the DEM. With the mosaic images are inte-
grated into a single file, covering the total area of the study basin, the utility in ArcGIS
with which this purpose was achieved is: Data Management Tools > Raster > Raster
Dataset > Mosaic to New Raster.

According to [17], the topography of the terrain area significantly influences the
quality of the elevation model data. That is to say errors on steep or mountainous terrain
the incidence can be greater, reason why it is essential to correct the imperfections that

contains the DEM. [18] mention that the errors in the DEM derived from SRTM data
are called sinks.

Flow direction: This step consists to create a raster map of the flow directions. [8]
argue that the direction of flow is determined from the hydrographic relationships
between the different points of the basin perimeter and considering the terrain
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characteristics. According to [19], the flow direction map is calculated based on neigh-
boring cells and indicates the steepest drop direction as a function of slope inclination.

The flow direction in ArcGIS 1is obtained through the Spatial
Analyst > Hydrology > Flow Direction.

Accumulation flow: The flow accumulation map is obtained from the flow direction
map. According to [20] flow accumulation refers to the hydrographic network, which
provides a new matrix with the specific water accumulation values of each pixel. Flow
accumulation is based on the number of cells flowing into each cell, where the resulting
value of a pixel are is all the pixels that upstream drain it. The accumulation of flow in
ArcGIS is obtained through the Spatial Analyst tool > Hydrology > Flow Accumula-
tion [8].

Calculation of threshold and reclassification of accumulation: According to the [21]
criterion, the threshold calculation “[...] is an iterative trial and error procedure; Being the
easiest way to determine the appropriate accumulation threshold to obtain the necessary
tributaries”. The determination of the accumulation threshold, allows to identify the main
river course and the four contributors, considering that it is enough that a pixel appears, to
be considered as a tributary. The calculation of the threshold is based on the water accu-
mulation. In ArcGIS it is done from the Layer Properties > Symbology > Classi-
fied > Classify window.

Calculation of threshold and reclassification of accumulation: According to the
[21] criterion, the threshold calculation “[...] is an iterative trial and error procedure;
Being the easiest way to determine the appropriate accumulation threshold to obtain the
necessary tributaries”. The determination of the accumulation threshold, allows to iden-
tify the main river course and the four contributors, considering that it is enough that a
pixel appears, to be considered as a tributary. The calculation of the threshold is based
on the water accumulation. In ArcGIS, task it is done from the Layer Proper-
ties > Symbology > Classified > Classify window.

Drainage network: This stage consists in obtaining the categorized drainage network,
corresponding to category 1 of the flow accumulation reclassification performed in the
previous phase. According to [23], the process related to the generation of the drainage
network is essential for the hydrographic units’ determination. [22] state that the Stream
Link tool, allows assigning the values to each drainage network section. In ArcGIS the
procedure is performed from Spatial Analyst Tools > Hydrology > Stream Link.

Generation of basin: [23] mention that the automatic generation of a basin requires
the flow direction and the watercourses network obtained from the map of the flow
accumulation. According to the criterion of [8], the automatic generation of watersheds
in ArcGIS, is obtained through the Spatial > Analyst Tools > Hydrology > resource.
As mentioned in the previous paragraph, the flow address files and the drainage network
are required for the process.
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Basins Vectorization: The basins vectorization is the process of convertion of raster
to vector format (points, lines or polygons), with which the polygons final theme of the
hydrographic units delimited in shapefile format is obtained. According to [21] the
conversion to vector delimited basins format, is a simple technique that is fulfilled
applying the following step:

o Conversion from raster to polygon: The raster file of basins generation is the input
required to perform the conversion to polygon. This procedure in ArcGIS is done
with the conversion Tools > From raster > Raster to polygon tool.

Basins codification: Coding is a hierarchical procedure, which consists in assigning
unique codes to the basins. It is important that prior to establishing the coding, the main
river of each hydrographic unit is identified, to later codify the basins from the river
mouth to the origin according to Pfafstetter criterion.

[24] mention that the Pfafstetter codification is based on two principles: The hier-
archization of the hydrographic units according to the drainage area and the hydro-
graphic network preliminary recognition of the four main basins, to which the numbers
are assigned pairs 2, 4, 6 and 8, while the inter-basins correspond to the odd numbers 1,
3,5,7 and 9. If there are internal basins are coded with the number 0.

The allocation of codes in inter-basins and basins, resulting from vectorization
should be done clockwise [25].

Metadata record: Metadata record: According to [26], the term metadata refers to the
data structured set, which describe other data and its internal structure, whose objective
is that the information they represent is understood, shared and exploited effectively by
all types of Users who require their use. [27] argue that metadata are becoming a familiar
tool for those working with spatial information, so that in order to define a structure that
serves to describe the geographic data, exists the ISO 19115 international standard -
Geographic Information Metadata [28].

Standard 19115 was used in the definition of the CONAGE PEM document [29]. In
the metadata registry, the main sections describing the hydrographic units vector file in
level 6 were: Metadata information, identification, restrictions, data quality, mainte-
nance, spatial representation, reference system, content, presentation catalog, distribu-
tion, Metadata extension and application model.

3 Results and Discussion

The basin 13943, 13944, 13945, 13947, 13948 and 13949 were divided into 9 hydro-
graphic units in level 6, of which 4 correspond to basin and 5 to inter-basin. The codes
assigned to the new delimited units, can be observed in detail in Table 3, 4, 5, 6, 7 and 8.
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Table 3. Watershed results 13943.

Level Name Type Area ha.
139431 | Hydrographic unit 139431 | Inter basin 3,730.32
139432 | Hydrographic unit 139432 | Basin 3,625.78
139433 | Hydrographic unit 139433 | Inter basin 1,901.65
139434 | Hydrographic unit 139434 | Basin 3,467.67
139435 | Hydrographic unit 139435 | Inter basin 1,808.85
139436 | Hydrographic unit 139436 | Basin 13,751.07
139437 | Hydrographic unit 139437 | Inter basin 5,654.89
139438 | Hydrographic unit 139438 | Basin 18,196.89
139439 | Hydrographic unit 139439 | Inter basin 9,532.38

The total area of the hydrographic unit 13943 is: 61,669.50 ha.

Table 4. Watershed results 13944.

Level Name Type Area ha.
139441 | Hydrographic unit 139441 | Inter basin 7,151.22
139442 | Hydrographic unit 139442 | Basin 5,600.94
139443 | Hydrographic unit 139443 | Inter basin 2,667.08
139444 | Hydrographic unit 139444 | Basin 2,368.76
139445 | Hydrographic unit 139445 | Inter basin 419.71

139446 | Hydrographic unit 139446 | Basin 2,806.34
139447 | Hydrographic unit 139447 | Inter basin 2,527.32
139448 | Hydrographic unit 139448 | Basin 3,793.48
139449 | Hydrographic unit 139449 | Inter basin 8,213.74

The total area of the hydrographic unit 13944 is: 36,148.59 ha.

Table 5. Watershed results 13945.

Level Name Type Area ha.
139451 | Hydrographic unit 139451 | Inter basin 1,057.56
139452 | Hydrographic unit 139452 | Basin 12,623.61
139453 | Hydrographic unit 139453 | Inter basin 1,934.66
139454 | Hydrographic unit 139454 | Basin 2,761.88
139455 | Hydrographic unit 139455 | Inter basin 3,313.56
139456 | Hydrographic unit 139456 | Basin 10,781.11
139457 | Hydrographic unit 139457 | Inter basin 13.04
139458 | Hydrographic unit 139458 | Basin 25,287.38
139459 | Hydrographic unit 139459 | Inter basin 4,026.49

The total area of the hydrographic unit 13945 is: 61,799.29 ha.
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Table 6. Watershed results 13947.

Level Name Type Area ha.
139471 | Hydrographic unit 139471 | Inter basin 1,349.56
139472 | Hydrographic unit 139472 | Basin 1,305.92
139473 | Hydrographic unit 139473 | Inter basin 385.92

139474 | Hydrographic unit 139474 | Basin 4,858.65
139475 | Hydrographic unit 139475 | Inter basin 1,776.93
139476 | Hydrographic unit 139476 | Basin 928.77

139477 | Hydrographic unit 139477 | Inter basin 3,477.00
139478 | Hydrographic unit 139478 | Basin 1,815.55
139479 | Hydrographic unit 139479 | Inter basin 349.58

The total area of the hydrographic unit 13947 is: 16,247.88 ha.

Table 7. Watershed results 13948.

Level Name Type Area ha.
139481 | Hydrographic unit 139481 | Inter basin 814.97
139482 | Hydrographic unit 139482 | Basin 26,815.92
139483 | Hydrographic unit 139483 | Inter basin 2,105.80
139484 | Hydrographic unit 139484 | Basin 3,483.52
139485 | Hydrographic unit 139485 | Inter basin 5,011.33
139486 | Hydrographic unit 139486 | Basin 3,406.86
139487 | Hydrographic unit 139487 | Inter basin 389.26
139488 | Hydrographic unit 139488 | Basin 5,821.13
139489 | Hydrographic unit 139489 | Inter basin 6,425.00

The total area of the hydrographic unit 13948 is: 54,273.79 ha.

Table 8. Watershed results 13949.

Level Name Type Area ha.
139491 | Hydrographic unit 139491 | Inter basin 10,027.44
139492 | Hydrographic unit 139492 | Basin 12,319.18
139493 | Hydrographic unit 139493 | Inter basin 3,118.92
139494 | Hydrographic unit 139494 | Basin 19,808.00
139495 | Hydrographic unit 139495 | Inter basin 624.46
139496 | Hydrographic unit 139496 | Basin 3,404.94
139497 | Hydrographic unit 139497 | Inter basin 1,343.36
139498 | Hydrographic unit 139498 | Basin 9,739.23
139499 | Hydrographic unit 139499 | Inter basin 21,698.48

The total area of the hydrographic unit 13949 is: 82,084.01 ha.

193
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The next map graphically represents the sequence coding established for each
delimited hydrographic unit, with based on the detailed in the Tables 3, 4, 5, 6, 7 and 8
(Fig. 4).

Hydrographic basins in level 6

g} Boundary of the hydrographic
units in leval 6.
5 Boundary of the hydrographic
vnits in level 5.

Fig. 4. Map of the hydrographic units in level 6.

With the codification, it is possible to identify the level to which the hydrographic
unit corresponds checking the digits number of code, with the which it is fulfilled the
fundamental principle of the methodology: The assignment of unique codes to each
hydrographic unit. However, the designation of the name of the basin is essential, since
its allows to the users of the environment it is become familiar with it quickly.

The hydrographic units coded with the Pfafstetter methodology, allow the continu-
ation of the standard for delimitation established for the South American region [30], as
well as at the level of hydrographic divisions of the Water Secretariat. The CNRH
proposal [31] defined river basin codes in terms of hydrographic systems, resulting the
coding of basins and sub-basins only for Ecuador, while hydrographic units coded at
level 6 can be recognized at the level Local and in the countries where the use of the
method has been officialized.

In the case of the hydrographic units 13941 and 13946, were not subdivided in this
research.
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4 Conclusions

Due to its clearly defined methodological approach, the Pfafstetter method was selected
and, based on the revision of the theoretical foundations, the stages of the methodology
on which the delimitation and codification of the hydrographic units in level 6 of the
basin River Jubones. The phases identified were: SRTM data collection, pre-processing
of the DEM, flow direction, flow accumulation, threshold calculation and reclassification
of the accumulation, drainage network, watershed generation, vectorization, coding and
registration of the metadata.

The results of each phase were successful, being elemental the use of the DEM of
the SRTM project, which provides significant advantages, compared to the generation
of the elevation model, from the information of level contours of the IGM; Also affected
by topology errors in its structure. However, in the selected DEM, source errors or
“NoData” values were debugged, applying near neighbor interpolation methods. For
this purpose we used focused statistics applied to a 10 cell radius, which can change
depending on the space or number of pixels that need to be corrected.

The delimited hydrographic units of level 5 were: 13943, 13944, 13945, 13947,
13948 and 13949, the terrain features being an important factor in obtaining the expected
results. On the other hand, the 13941 unit, considered to be the mouth of the basin, due
to the topographical characteristics of the area, was not defined, since it corresponds to
the lower zone of the province of El Oro. Each basin of level 5 delimited resulted in 9
hydrographic units in Level 6, the same ones that are analogous to the denomination of
micro-basins.

In total 54 hydrographic units were obtained in level 6, of which 24 correspond to
basins and 30 to inter-basins. The coding of the delimited units was established
according to the level 5 code. The Pfafstetter code assigned to each hydrographic unit
allows the current delimitation level to be determined, by simply counting the number
of digits. The code determines the interrelation between the drainage areas of the same
level, and allows to establish the spatial relationships with the lower level units.

The subdivision area of the Jubones river basin in level 5 is approximately
312,223.06 ha, corresponding to the inter-basins level 6 an area of 113,450.48 ha,
equivalent to 36%, while level 6 basin units comprise A territorial extension of
198,772.58 ha, equivalent to 64%. The delimitation of inter-basins requires particular
attention in the calculation of the threshold to obtain the drainage network, due to its
characteristics in these units there is no single common drainage point.

The Jubones river basin by its geographical location, territorial extension and caudal,
is considered the most important of the demarcation. In this sense the subdivision in
level 6, favors the territorial management of the catchment area. The proposed hypoth-
esis is accepted and the results provide drainage areas in greater detail, which contributes
to the optimization of the field tasks carried out by the technical staff of the demarcation,
facilitating familiarization with the environment, the object of analysis and the Identi-
fication of watercourses.

With the hydrographic units in level 6, the geographic information of the basins of
the demarcation is updated, allowing the planning and execution of projects oriented to
equitably distribute the water resources. Essentially the drainage units obtained
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strengthen the emblematic project of the demarcation called Participative Inventory of
Water Resources (IPRH), executed in the Jubones river basin. The data of the catchment
area and code are fundamental for the updating of the bank of the IPRH and for the
operative operation of the system of authorizations of use and exploitation of water.

The basins and inter-basins of level 6, allow to identify the communities located in
each catchment area, which allows a direct approach with the users, favoring their
participation in the training workshops oriented to the care of the flow and water sources.
These activities benefit the development of the social water management plan.

The results of this research are related to the National Water Resources Plan, which
provides for a diagnosis that allows the conservation of the water resource in the short,
medium and long term, considering the micro basin as the minimum unit of analysis.
Specifically, the geographical information of hydrographic units at level 6, benefits the
elaboration of the plan for the Jubones river basin.

The use of GIS techniques was fundamental, since they allowed to reduce the time
required for the generation of the cartography of watersheds. The contribution of this
research to cognitive strengthening is related to the management of NASA SRTM data
and to the hydrological modeling tools used under the principles of the Pfafstetter meth-
odology. In the shapefile file of the delimited drainage areas, the metadata was registered
according to the regulations used by the Water Secretariat, in order to guarantee the
access and location of spatial information generated.

5 Recommendations

Itis recommended that the demarcation of Jubones officialize and socialize the new level
delimited with the GAD, Commonwealth Consortium of the Jubones river basin, other
Central Government institutions and users, emphasizing the importance of familiariza-
tion and understanding of the code assigned to each unit Area. From its official formal-
ization, it is feasible to plan and execute the delimitation of level 7 of the basin using
the Pfafstetter methodology, in order to achieve the permanent improvement of
processes related to water resources, as well as to continue the process of delimitation
of the level 6 for the other watersheds that make up the demarcation, considering as
main input the DEM with 30 m resolution of NASA.

Itis also important that the process be replicated for the rest of Ecuador’s watersheds,
in order to strengthen the National Water Resources Plan of the Water Secretariat, which
directly benefits the hydrographic basins. In the new information generated, thematic
attributes must be created according to the structure of fields specified in the baseline
delimitation levels, as well as to record the metadata of the vector files resulting from
the process of delimitation of hydrographic units, considering the standard or ISO
standard 19115.

The main institutional management processes of the Jubones demarcation are those
related to the water resource of the river basin, where the codification of hydrographic
units is fundamental to establish relationships between water sources and drainage areas.
New Pfafstetter coding, as well as updating the water use database with the new level 6
codes if necessary.
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Taking as reference the study carried out, plans, actions and projects should be

undertaken, focused on the conservation of the natural resources that make up the basin,
depending on the competencies of each government body, thereby ensuring sustainable
development for the community And improvements in the quality of life. The new
applications that can be undertaken from the results of the research are: hydrological
modeling, water balances, gauging campaigns and determination of water stress.

References

10.

11.

12.

13.

14.

15.

16.
17.

. Jumbo, F.A.: Delimitacion automatica de microcuencas utilizando datos SRTM de la NASA.

Enfoque UTE 6(4), 81-97 (2015)

. Teodoro, V., Teixeira, D., Costa, D., Fuller, B.: Oconceito de bacia hidrogréfica e a

importancia da caracterizagdo morfométrica para o entendimento da dindmica ambiental
local. UNIARA 20, 137-156 (2007)

. FAO: Organizacién de las Naciones Unidas para la Alimentacién y la Agricultura. Por qué

invertir en ordenacion de las cuencas hidrograficas, Roma, p. 40 (2009)

. Cabral, N.: Criterios técnicos de delimitacién y codificacion de cuencas, caso especifico

regién oriental del Paraguay. Secretaria del Ambiente, 36 (2011)

. Gomes, J., Barros, R.: A importincia das Ottobacias para gestao de recursos hidricos. Anais

XV Simpésio Brasileiro de Sensoriamento Remoto (SBSR), pp. 1287-1294. INPE, Curitiva
(2011)

. Crespo, A., Van Damme, P., Zapata, M.: Clasificaciéon de Cuencas de Bolivia segin la

metodologia de Pfafstetter. Revista Boliviana de Ecologia Ambiental 22, 69-75 (2013)

. Verdin, K.L., Verdin, J.P.: A topological system for delineation and codification of the Earth’s

river basins. J. Hydrol. 218(1), 1-12 (1999)

. Amancio, C., Quintao, A., Freire, T., Alvés, C., Dos Santos, E.: Utilizacdo de técnicas de

geoprocessamento aplicada a delimitacio de bacias hidrogréficas. In: Anais XIII Jornada de
Ensino, Pesquisa e Extensdo (JEPEX), p. 3. UFRPE, Recife (2013)

. Pérez, A., Mas, J.: Evaluacion de los errores de modelos digitales de elevacion obtenidos por

cuatro métodos de interpolacién. Investigaciones Geograficas 69, 53—67 (2009)

Vincent, L., Soille, P.: Watersheds in digital spaces: an efficient algorithm based on immersion
simulations. IEEE Trans. Pattern Anal. Mach. Intell. 13(6), 583-598 (1991)

Souza, A., Cruz, M., Aragao, R., Amorim, J.: Delimitacio automatica de sub-bacias no bacia
do rio Japaratuba/Se a partir de modelos digitais de elevacdo. In: Anais V GeoNordeste, III
Seminario de Geotecnologias, Geotecnologias e Interdisciplinarid (2011)

Schroder, D., Omran, A.F., Bastidas, R.R.: Automated geoprocessing workflow for watershed
delineation and classification for flash flood assessment. Int. J. Geoinf. 11(4), 31-38 (2015)
Gomes, T., Lobao, J.: Delimitacdo de sub-bacias a partir do uso de imagem SRTM/NASA:
um estudo da Bacia do Rio Jacuipe-BA. In: Anais XIV Simpésio Brasileiro de Sensoriamento
Remoto (SBSR), pp. 3841-3848. INPE, Natal (2009)

Kraemer, C., Panda, S.: Automating arc hydro for watershed delineation. In: Proceedings of
the 2009 Georgia Water Resources Conference, Held at the University of Georgia (2009)
Ruiz, R., Torres, H.: Manual de procedimientos de delimitacion y codificacién de unidades
hidrograficas: Caso América del Sur. UICN Sur, Quito (2008)

Secretaria del Agua: Resolucion 2011-245, Quito (2011)

Falorni, G., Teles, V., Vivoni, E., Bras, R., Amaratunga, K.: Analysis and characterization
of the vertical accuracy of digital elevation models from the Shuttle Radar Topography
Mission. J. Geophys. Res. 110, FO2005 (2005)



198

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

F. Jumbo et al.

Mendes, C., Cirilo, J.: Geoprocessamento em recursos hidricos: principios, integragio e
aplicagdo, 2da ed. Editorial ABRH, Porto Alegre (2001)

Politano, M., /:\lvares, D., Spinelli, H., Santos, L., Pereira, M.: Delimitacdo das bacias
hidrograficas e de drenagem natural da cidade de Salvador. RIGS 1(1), 107-129 (2012)
Walchholz, C., Bazilio, S., Costa, S., Mercante, E., Vilas, M.: Delimita¢cdo automética da
microbacia hidrogréfica do rio das Lontras, através de dados SRTM. In: Anais XVI Simpdsio
Brasileiro de Sensoriamento Remoto (SBSR), pp. 5515-5522. INPE, Foz do Iguagu, Brasil
(2013)

Rosas, L.: Manual de procedimientos de delimitacion y codificacién de Unidades
Hidrograficas, caso Ecuador, p. 34. UICN SUR, Quito, Ecuador (2009)

De Godoy, L., Schuh, M., Pereira, R.: Comparacdo entre a delimitagdo manual e automatica
da bacia do arroio Corup4, RS, Brasil. Revista Eletronica em Gestao, Educacdo e Tecnologia
Ambiental 8(8), 1777-1784 (2013)

UICN Sur, Unién Internacional para la Conservacion de la Naturaleza; SGCAN, Secretaria
General de la Comunidad Andina de Naciones.: Manual de procedimientos de delimitacién
y codificacién de unidades hidrogréficas. Ministerio de Medio Ambiente y Agua. La Paz. p.
37 (2010)

Pires, C., Faria, S.: Construcdo da base Otto-codificada em Minas Gerais: implementacdo da
metodologia desenvolvida por Otto Pfafstetter (1989) para escalas 1:100,000 e 1:50,000. In:
Anais XVI Simpésio Brasileiro de Sensoriamento Remoto (SBSR), pp. 2455-2462. INPE,
Foz do Iguagu, Brasil (2013)

Pacheco, J., Silva, R.: A importancia das Ottobacias para gestdo de recursos hidricos. In:
Anais XV Simpdsio Brasileiro de Sensoriamento Remoto (SBSR), pp. 1287-1294. INPE,
Curitiba, Brasil (2011)

Callejo, M., Poveda, M.: Metadatos implicitos de la informacion geogréfica: caracterizacién
del coste temporal y de los tipos y tasas de errores en la compilacién manual. GeoFocus 9,
317-336 (2009)

Maganto, A.S., Iso, J.N., Ballari, D.: Normas sobre Metadatos (ISO 19115, ISO 19115-2,
ISO 19139, ISO 15836). Mapping 123, 48-57 (2008)

ISO, International Organization for Standardization: ISO 19115 Geographic information -
Metadata. Recuperado el 02 de 07 de 2015, de http://www.iso.org/iso/catalogue_detail.htm?
csnumber=26020 (2003)

CONAGE, Consejo Nacional de Geoinformacién: Perfil Ecuatoriano de Metadatos (PEM)
segiin norma ISO 19115:2003 e ISO 19115-2:2009, Quito, Ecuador, p. 72 (2010)

UICN, Unién Internacional para la Conservacidn de la Naturaleza; CAN, Comunidad Andina
de Naciones. Informe de delimitacidn y codificacion de unidades hidrogréficas de Sudamérica
- nivel 3 a escala 1:1000,000, Lima, Pert, p. 61 (2008)

CNRH; Consejo Nacional de Recursos Hidricos. Memoria técnica: Division hidrografica del
Ecuador, propuesta del CNRH y el grupo interinstitucional para oficializar en el Ministerio
de Relaciones Exteriores, Quito, Ecuador, p. 29 (2002)


http://www.iso.org/iso/catalogue_detail.htm%3fcsnumber%3d26020
http://www.iso.org/iso/catalogue_detail.htm%3fcsnumber%3d26020

	Delimitation and Codification of Hydrographic Units Through the Use of Geographic Information Systems
	Abstract
	1 Introduction
	2 Methodology
	2.1 Geographic Location
	2.2 Base Cartography
	2.3 Diagram of the Methodology

	3 Results and Discussion
	4 Conclusions
	5 Recommendations
	References




