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Abstract

Measurement of surface water is critical to quantify rain, which provides support
to studies related to climate change, such as: hydrological studies, mathematical
models, establishment of vulnerable areas as a consequence of extreme weather
events, etc.; the Mexican national database called BANDAS (Banco Nacional de
Datos de Aguas Superficiales) integrates the national hydrometric network.
BANDAS records the water level (scales) and the amount of water passing in a
specific time (gauging) in the main Mexican rivers, from all the non-automatic
hydrometric stations in Mexico; BANDAS has historical information about daily,
monthly and annual average flow. This paper shows a web application named SIG
Bandas v 1.0 which allows people to locate and make queries about the Mexican
hydrometric network without charge. People can check the location of any
hydrometric station; to know the period of years recorded by it, download
historical data, descriptive records and, in some cases, the image of the station.
Additionally, but only for users with password, it allows the updating of
information on the hydrometric network. SIG Bandas v 1.0 permits the distribution
of hydrometric data to many users such as students from universities, consulting
firms, government agencies, etc.
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1 Introduction

Measurement of surface water is critical to quantify rain, which provides support
to studies related to climate change, such as: hydrological studies mathematical
models, establishment of vulnerable areas as a consequence of extreme weather
events, etc.; in México, the digital management of hydrometric information is
widely used for the management of water resources, for that reason, the National
Water Commission (Conagua), through the Mexican Institute of Water
Technology (IMTA) has been updating the national database called BANDAS
(Banco Nacional de Datos de Aguas Superficiales) which integrates the Conagua’s
national hydrometric network.

The water level (scales) is recorded in BANDAS along with the amount of
water passing in a specific time (gauging) in the Mexico’s main rivers. BANDAS
has registered all the non-automatic hydrometric stations in Mexico; BANDAS
has historical information about average daily, monthly and annual average flow.
The historical data registered on BANDAS is generated through an extensive
process of hydrometric calculation [1].

The Mexican Institute of Water Technology (IMTA) has developed a web
application named SIG Bandas v 1.0 to locate and query the Mexican hydrometric
network, which allows people without any charge, to check the location of any
hydrometric station belonging to the Conagua’s national hydrometric network.

SIG Bandas v 1.0 allows anybody to know the period of years recorded,
downloading historical data about gauging and scales from the station and
descriptive record, such as: name, id, state, river, etc. and, in some cases, the image
of the station. Additionally, but only for users with password, it allows the
updating of information on the hydrometric network. Using SIG Bandas v 1.0 has
widely allowed the distribution of hydrometric data to many users such as students
from universities, consulting firms, government agencies, etc.

2 SIG Bandas tool

The web application SIG Bandas v 1.0 uses the BANDAS’s database which is
described in section 2.1 This database includes at least six main files, including
daily, monthly and annual data. In section 2.2, the interface of SIG Bandas v 1.0
is described.

2.1 BANDAS database

The last version of BANDAS database has been migrated to Microsoft Access,
because it is the most popular database manager that a lot of people have in their
computer in México. For some stations, the earlier data comes from 1910, but little
by little the number of stations registering scales and gauging in rivers have been
increased. Unfortunately BANDAS is updated approximately every tree years, so
the last updated version has been until 2011.

Each station has an identification key named CLAVE, which is created joining
two numbers from 01 to 37 corresponding to the hydrologic region number (RH),
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with a consecutive number in each RH; there are 37 RH around the country. Figure
1 represents a list of all the files which integrate this database and the table’s name
contained in an mdb file, e.g. station 36082.mdb means that this station exists in
the hydrologic region number 36 and there exists at least 81 registered stations
before the station number 82 and it contains six main tables: DA36082 (annual
data), DM36082 (monthly data), DD36082 (daily data), HD36082 (Hydrogram
data), LI36082 (Limnigraph data) and ST36082 (Sediment data).
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Figure 1:  Files which integrate the BANDAS database and tables from each
station.

Those tables contain all the historic records of all the years that the station
has been recording [2]. Figure 2 shows an example of the three main tables
used to share BANDAS’s information; a) shows the next main fields for a year
recorded: year of the record (pk anio), maximum gauge (ngasto mxa),
maximum scale reading (nlect gmxa), runoff volume (nvolum_esc); b) shows
the next main fields for a month recorded: year of the record (pk anio), month of
the record (pk_mes), maximum gauge (ngasto mxm), day which presents
the maximum gauge (ndia gmxm), hour in the day when the
maximum gauge was presented (nhora gmxm), maximum scale reading of
the maximum gauge (nlect gmxm), the same variables but in their
minimum values (ngasto min, ndia _gmin, nhora gmin, nlect gmin), and
runoff volume (nvolum_esc).
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=] DA36082
v pk_anio 1  ngasto_mxa - 'nlec‘t_gmxa -| nlect_mxa - nvolum_esc ~ 'ngasto_me( -
2002 1.731 0.92 0.95 8578.07 0.27201
2003 2.975 1.26 1.26 17026.3 0.5399
2004 4.456 1.42 1.42 23127.8 0.73137
2005 2.922 1.15 1.16 30606.72 0.97053
2006 3.368 1.24 1.24 27956.06 0.88648
2008 3.771 1.37 1.37 29431.296 0.932
2009 2.817 1.18 1.18 27836.18 0.88
2010 3.136 1.28 1.28 30739.739 0.97
2011 2.619 1 1 25103.953 0.791 a) DA36082
5] DM36082
' pk_anio ~1 pk_mes ngasto_mxm ~ndia_gmxm nhora_gmxm -nlect_gmxm -~ nvolum_esc ~
2011 10 0 1 8 0 0
2011 9 1.532 1 10 0.74 1594.426
2011 8 2.438 21 8 0.97 5058.115
2011 7 2.619 28 6 1 4877.885
2011 6 2.332 28 18 0.92 5010.509
2011 4 2.031 27 18 0.87 3290.89
2011 2 0 1 8 bpDM36082 o
2011 1 1.088 3 18 0.66 200.064]
23] DD36082
[ pk_anio -1 pk_mes ngasto_d01 ngasto_d02 ngasto_d03 - ...sto_d29 - ngasto_d30 - ngasto_d31 -
2011 10 0 0 0 0 0 0
2011 9 1.491 1.398 1.081 0.781 0.298
2011 8 1.506 1.84 1.993 1.497 1.512 1.531
2011 7 1.105 1.018 1.016 2.077 2.04 1.52
2011 6 1.965 2.091 2.137 2.332 2.176
2011 4 0.649 0.6 0.508 2.009 1.906
2011 2 0 0 0 ¢) DD36082
2011 1 0.942 0.967 1.064 0 0 0

Figure 2:  Example of the fields recorded by year for each station. In this case
station 36082.

Finally, c) shows the next main fields for a day recorded: year of the record
(pk_anio), month of the record (pk_mes), gauge of day number one in the month
(ngasto_d01), gauge of day number two in the month (ngasto_d02) and so on until
the last day in the month.

Besides this information, there is another very important field used in order to
identify a station and to know where is geographically located, and of course to
query this information. BANDAS has an inventory as a catalogue which describes
the name of the river, basin, sub-basin, hydrologic region, state, latitude and
longitude coordinates.

2.2 Interface

SIG Bandas v 1.0 application was developed under the Visual Studio 2010
platform, in ASP .net (C#) language [3]; in a server with Windows Server 2008
operating system, Google Maps JavaScript API v3 [4-6], and the SQL server
express database manager [7]. SQL server express is used just to administrate
resources like images and the users; there are guests and registered users.
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Hydrometric data is stored by Microsoft Access and it is transferred from the
server to the wuser local PC. The web address to consult it is:
http://hidrosuperf.imta.mx/bandas/, located at IMTA’s building.

SIG Bandas’s home screen is divided into two sections, as is shown in Figure
3. The first section lets users to choose the layer to be displayed either hydrometric
stations layer or dams layer. Besides, it displays the thirteen Administrative
Hydrologic Regions (RHA) México has, with their hydrometric stations, in order
to turn on the check button to display either station or dams of the RHA studied.
On the top of the screen there is a grey line where users can search for a specific
station or dam just writing its CLAVE, as is shown in Figure 4; look after the
coordinate position, and it lets users to sign into the system. The second section is
a graphic one where the Google Map is displayed (location: México). Once SIG
Bandas v 1.0 identifies the stations geographically, it makes a zoom to its location
in the map. Active hydrometric station are displayed as green dots and active dams
are displayed as green squares, rivers are displayed as blue lines.

T BANDAS X

C' | [3 hidrosuperf.imta.mx/bandas,
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Figure 3:  SIG Bandas’s home screen.

To display the information from the inventory it is necessary to click on a green
dot, as it is shown in Figure 5. It displays the CLAVE, name of the station, the
period (years) recorded by the station, its basin, river, description of the location,
kind or type of measurement, etc. at the end of this inventory box there are three
option buttons: Images (imdgenes), download historic data (Descargar historial)
and descriptive record (Ficha descriptiva).
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Figure 4:  Search option to identify a specific station or dam.
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Figure 5:  Zoom to a specific station and its inventory information.

Figure 6 shows an example about downloading a file containing data tables.
The file downloaded is a Microsoft Access file (mdb file) its structure was
described in section 2.1. In the same way it is possible to download all the shapes
from each RHA, in order to use it in a Geographic Information System (GIS) as
ArcGIS.
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Durante los periodos siguientes no se
efectuaron muestreos: Del 1° de enero de
1943 al 10 de junio de 1943; del 14 de julio
de 1943 al31ded
ACTIVO: 1
Id_rha: 8

Imagenes | Descargar Historial |

Ficha de Descripcion | .
. ‘

Simbologia
O Estaciones Activas

® Estaciones No Activas
@ Presas Activas

W Presas No Activas

= Rios

;Quieres abrir o guardar 12347.mdb desde hidrosuperf.imta.mx? Guardar | ¥ Cancelar

Figure 6: Download historic data from a specific station (example).

Likewise, it is possible to download the descriptive record which corresponds
to a text file and it can be read for any text editor. Figure 7 shows the way to
download this text file and display some parts of it in a notepad editor. As it can
be seen, this descriptive record includes long name’s station, larger key’s station,
coordinates (grades, minutes and seconds), location, purpose of its installation,
path to reach it, information about the climatologic station near to the hydrometric
station (if it exists), and some outstanding notes needed to know more about the
station.

112347 Descripcion: Bloc de notas =
Archivo Edicién Formato Ver Ayuda

pescripcion de la estacion: 12347

1. NOMERE DE LA ESTACION: SANTIAGO UNDAMEO

2. CLAVE HIDROMETRICA LARGA: 12-810-500-0--0--726-16-
3. CARACTERISTICAS GEOGRAFICAS

3.1 widrografia
3.1.1 colector general: Lago de Cuitzeo ——= 810 —=
3.1.2 afluente: Rio grande de Morelia === 500 ===
3.2 Area drenada (km2): 388.0
3.3 coordenadas:
SoLCEnadas, Latitud (G,M,5): 190, 36", 05 Longitud (G,M,5): 1010, 17", 17
3.4 ubicacién: se encuentra localizada sobre el rio Grande de Morelia, muy cerca de la cola del embalse
3.5 Accesos: Partiendo de 1a ciudad de Morelia con rumbo al Suroeste, se toma la carretera pavimentada a
i

. OBJETO DE SU INSTALACION: Medir las aportaciones a la presa cointzio.

6. GASTOS EXTREMOS EN EL PERIODO DE OBSERVACIONES!

Gasto maximo (m3/s): 72

Fecha del gasto maximo:

Lectura (m) del gasto maximo:

Notas del gasto maximo: su valor se estimé utilizando el procedimiento de seccién y pendiente hidraulica

Gasto méximo aforado (m3/s): 29.300

Fecha del gasto maximo aforado

Lectura (m) del gasto maximo aﬁ)radn 1.86
Notas del gasto maximo aforado

velocidad media (m/s): 2.22
profundidad mixima (m): 1.71

Gasto minimo (m3/s): 0.052

Fecha del gasto minimo:

Lectura (m) del gasto minimo: 24

Notas del gasto minimo: Su o andbruvy por medio de una curva de gastos formada con aforos de enero :

7. CALCULO HIDROMETRICO: De julio de 1939 a diciembre de 1944 y de julio de 1953 a abril de 1955 se calal

8. ESTACION CLIMATOLGGICA EN EL SITIO:

Existié una estacién localizada en 1a margen derecha, junto al primer medidor que sirvié para aforar y aj
Pluviémetro: Ene. 1954 a la fecha.

Termometro: Ene. 1954 a la fecha.

Evaporémetro: abr. 1958 a 1a fecha.

9. NOTAS: E1 ?astn maximo que se muestra en las tablas es de 34.0 m3/s con lectura de escala de 1.93 m
Para el cdlculo hidrométrico se urilizé 1a computadora cpc-3300 de la secretaria de Recursos Hidraulicos

1943 al 10 de junio de 1943; del 14 de julio
de 131

ACTIVO: 1
Id_rha: 8

Simbologia Imagenes Descil.mir Historial

© Estaciones Activas Ficha de Descripcién

® Estaciones No Activas
DPresas Activas

B Presas No Activas

= Rios

3

Quieres abrir o guardar 12347 Descripcion.txt desde hi imta.mx? Abrir Guardar | v || Cancelar

Figure 7:  Download descriptive record data from a specific station (example).
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The last of the three buttons corresponds to the images button which allows the
user to display an image or the number of images that exists in the hydrometric
station SQL database. Figure 8 shows an example of this kind of display. It just
displays jpg format images so far.

12347_img1

Figure 8:  Button images from SIG Bandas v 1.0 (example).

Additionally, but only for users with password, SIG Bandas v 1.0 allows to
update information on the hydrometric network. For administrator’s users, SIG
Bandas v 1.0 displays four buttons instead of the three previously described. The
fourth button is called edition (editar). This tool was created due to the need of
correcting the location of the hydrometric station having a map correctly
georeferenced. This edition includes all the fields in the inventory, and also the
possibility to erase a dot which represents a station or dam, add images and save
all the changes.

Figure 9 shows an example of this edition record option, like station’s key,
period of time recorded by the station, its name, its basin, its sub-basin, its river,
latitude and longitude coordinates, location description, path to get to it, runoff
area, if the station is active or not, etc.

Lng: (~102.25069999694824  Lat: (21.38674975002437 GASIR CONAGUA | Salir o

&=

Guardar Agregar imagenes | Eliminar punto |
OBJECTID (418 Longitud -102.308333333333
Clave de estacion (12347 Latitud 21.3638888888889

Periodo de datos  ( 1939-1992
ctrl_deest (SANTIAGO UNDAMEO
ctrl_decor RIO GRANDE DE MORELIA

ctrl_nurhi (120000000000

ctrl_decog W

ctrl deafl (Rio Grande de Morelia

Longitud (1023083330000

SHletD (o cusnta con regisios grafeos

ctrl_desol (Se cuenta con datos de sdlidos ¢ \

ACTIVO a____ Editar | Imagenes
Id_rha (O Descargar Historial

y Ficha de Descripcion

<

Figure 9:  Edition button and edited fields (example).
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Once the user changes the coordinates, SIG Bandas v 1.0, generates
dynamically a new shape with this new edited information, and this is the way this
national shape is always updated. Just Conagua’s users are able to update this
information.

3 Conclusions

We have a free tool which easily distributes measurement of the surface water
from the main rivers in México, for many users such as, students from universities,
consulting firms, government agencies, etc. As it was described, SIG Bandas v 1.0
filter stations and dams according to its hydrologic region (RH) or Administrative
Hydrologic Regions (RHA) and using this base people are able to query just the
stations or dams of their interest.

This tool was created during 2014, in the near future, it is going to be used to
review, correct and update the database of all the hydrometric stations located in
the country.
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