Z« CONAGUA *REMI

Comision Nacional del Agua Proyecto de Fortalecimlento del
Manejo Integrado del Agua

National Weather Service Modernization

Strengthening and Strategic Development of the Nati ~ onal Network
of Weather Radars

INFORME OMM/PREMIA No. XXX

Organizacion Meteoroldgica Mundial
Consultor: Igor STRMISKA (Slovakia)
DRAFT REPORT

Organizacion
Meteorolégica
Mundial

Tiempo » Clima « Agua

August 2010



COMISION NACIONAL DEL AGUA (‘

CONAGUA

ING. JOSE LUIS LUEGE TAMARGO Comisién Nacional del Agua
Director General

ING. JOSE ANTONIO RODRIGUEZ TIRADO
Coordinador de Asesores

LIC. FELIPE OCTAVIO ANGULO SANCHEZ
Subdirector General de Administracion

LIC. ROBERTO ANAYA MORENO
Subdirector General de Administracion del Agua

ING. JOSE RAMON ARDAVIN ITUARTE
Subdirector General de Agua Potable, Drenaje y Saneamiento

ING. SERGIO SOTO PRIANTE
Subdirector General de Infraestructura Hidroagricola

LIC. JESUS BECERRA PEDROTE
Subdirector General Juridico

ING. MARCO ANTONIO VELAZQUEZ HOLGUIN
Subdirector General de Programacién

DR. FELIPE |. ARREGUIN CORTES
Subdirector General Técnico

LIC. RAUL VAZQUEZ OSORIO
Coordinador General de Atencion de Emergencias y Consejos de Cuenca

M.CC. HEIDI STORSBERG MONTES
Coordinadora General de Atencion Institucional, Comunicacién y Cultura del Agua

LIC. YULETH KARIME OROZCO ACOSTA
Coordinadora General de Revisién y Liquidacion Fiscal

DR. MICHEL ROSENGAUS MOSHINSKY
Coordinador General de Servicio Meteoroldgico Nacional

LIC. RAFAEL REYES GUERRA
Titular del Organo Interno de Control

NOMBRE
Cargo (Area responsable)

ING. MARIO LOPEZ PEREZ
Gerente de Ingenieria y Normas Técnicas



ORGANIZACION METEOROLOGICA MUNDIAL

Organizacion

ROBERT MASTERS Meteorol'égica
Director del Departamento de Desarrollo y Actividades Regionales (DRA) oundial

AVINASH TYAGI
Director del Departamento de Clima y Agua (CLW)

MIGUEL ANGEL RABIOLO
Director de la Oficina Regional para las Américas (RAM)

CLAUDIO CAPONI
Oficial Cientifico Senior del Departamento de Clima y Agua

JOSE ALFREDO GARZA
Jefe de la Oficina de Proyectos de la OMM en México (MEX)

Acuerdo de Cooperacion Técnica
SEMARNAT / CNA — OMM 2005

Proyecto de Fortalecimiento del Manejo Integrado de | Agua (PREMIA)

Programa de Trabajo CNA 2009
Anexo de Ejecucién CNA — 4 Partes Ay B

NOTA

Las opiniones, conceptos y recomendaciones expresadas en el presente informe deberan ser consideradas como
aquellas del consultor o consultores y no necesariamente como las de la Organizacién Meteoroldgica Mundial.

Cualquier mencién o referencia de productos en el presente informe no deberéa ser considerada como un aval de los
mismos por parte de la Organizacion Meteorologica Mundial.
NOTE

The opinions, concepts and recommendations expressed in the present report should be considered as those of the
consultant(s) and are not necessarily those of the World Meteorological Organization.

Any mention or reference of products contained in the present report should not be construed as their indorsement by
the World Meteorological Organization.




Contents

EXECULIVE SUMMIAIY ...ttt ettt e e e e e e e e e e e e e et e e eeeeebb b e e e e e e e aaeeaeas ili
1. Operational status Of the radarsS........cccccccies i e 1
2. Weather radar network development plan............ oo 25
3. Weather radars in Mexico and around the world ..... ... 39
ACKNOWIEAGEMENTS ...t ees oeee ettt e e e e e e e e e e e aeeeeeeesenenennnes 45
AANINIEXES. ..ttt ettt —e ettt et e et et e et e e b e e e e e e e e e e arn e 47



Table of Figures

Figure 1: Radar Cerro Cathedral ...........oooiiuiiiiiiiis et e e et e e e e aa e e e eaaan s 1
Figure 2: Radar Cathedral coverage 1km and 2km above ground starting from elev. -0.5 ....................... 3
Figure 3: Radar Cathedral Coverage 1km and 2km above ground starting from elev. -2.0 ..................... 4
T BT RR Sl E= o F= T == .41 o T PSP 5
Figure 5: Palmito( combined with Guasave) site coverage of 1000m and 2000m above ground.............. 6
FIQUIE 6: RAUAI GUASAVE ... ...ceeiiieeeieiiiei et e e e ettt et e e e e e e e et e et ettt e e e eeaeeeeaeseta s s asseaeeaeeseesesnsnaeaaeeeeeeenes 8
Figure 7: Guasave site coverage of levels 1000m and 2000m above ground up to 225 km range............. 8
FIgure 8: RAUAr LOS CabOS ......uuuiiiiiiiiii et e e e e e e e e e e e e et e et s e e e e a e e e e aat e e e eaneans 11
Figure 9: Los Cabos site coverage of levels 1000m and 2000m above ground up to 225 km range ........ 11
o [0 {0 = =T - T AN o= T 1 U o o SRR 14
Figure 11: Acapulco site coverage of levels 1000m and 2000m above ground up to 225 km.................. 14
[T 0TI 2l = o F= TR O Vo o1 U | o PP 16
Figure 13: Cancun site coverage up to 225 km.at 1000m level above ground..............cccccveviiviiiiinieeninnnn. 17
Figure 14: Radar SADANCUY .........iiiiiiiiiii it e e e e e et e e e e e e e et e et s e e e e ata e e e e aata e s eeeaneans 19
Figure 15: Sabancuy site coverage up t0 225 KM FANGE .......veeeuvuiiiieieeeeeeeieeieiiieaes e e s e e eeeeeeaennennaeseeeaaaees 20
Figure 16: Coverage of levels 1km and 2km above ground for Cuyutlan, Acapulco, Pto Angel, Cathedral

and Alvarado — at 225KIM FANGES .....ceeeieieeeeieiiiieie e e e e eeee ettt aa s e e e e e aeeeesaastaaaaeeeeeeeaeesennennaaaeeeaanees 23
Figure 17: Surveillance coverage of the network of 13 existing radars - 5km CAPPI level...................... 31
Figure 18: Surveillance coverage (CAPPI 5km) after the extensiond by 5 new sites (purple pins) ........... 32
Figure 19: Surveillance coverage (CAPPI 5km) after the extensién by 5+1 new Sites .........ccccceeveveeennnns 33
Figure 20 : QPE coverage of 13 existing sites at 225 KM FANQGES .....coiveeeeeeieeiiiiiiiaie e e eeeee e e seeeaeaees 34
Figure 21: QPE coverage at 225 km ranges using 13 existing radars and 6 new Sites ..............ccoeeeevunenn. 35
Figure 22: Product display example using calculated coverage as a transparent background. ................ 36
Figure 23: EUMETNET OPERA Radar NEIWOIK ........uiiiiiiieiiieieiiiiiis e e e e et sn s e s e e e eeaeeeannennaeseeeaaaees 42
Figure 24: US NWS Radar Network (NEXRAD) consisting of more than 170 sites (Source:

LT WY R ¢ W g T = F= W oY =T - U 43
Figure 25: Japanese Radar Observation Network - 20 sites (Source:

http://www.jma.go.jp/jma/en/Activities/observations.html)...........ccccoviiiiiiiiiiiiiii e 43

List of Tables

Table 1. Accurate radar COOAINALES. ... ...uuu ettt ettt e e e e e e e e e bbb e e e e e e e e eeeeebnbaan e as 22
Table 2. Five new sites as an example of the suggested development of the surveillance coverage....... 32
Table 2. States with the lowest radar coverage for the QPE (less than 50% of the state territory) ........... 33

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska



List of Acronyms

, ;
! ;
# # # #
$% $ & % % "3
% ( % ( % (& % )
* + +
#, % . % & % # %
+ + "
# # $
% %
#e& # &
&' & '
%' ! % '
(% ()%
# % % *
+" + ! "
B , *H % %
g B
%"/, $/
0, oy
* « &0 ! N

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska




Executive Summary

Cuerpo del texto!

! Nota al pie

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska



1. Operational status of the radars

The CONAGUA weather radar network consists of 13 weather radars. All the systems are
magnetron type Doppler (or dopplerized) radars working in C-band (5 cm wavelength). Seven
representative radar sites have been visited and diagnosed in the period from 29 June to 16 July
2010. Other important information has been gathered in the Mexico City SMN headquarters
during meetings and interviews with relevant SMN staff and also using the available
documentation. The visited radar sites are: Cerro Cathedral, Palmetto, Guasave, Los Cabos,
Acapulco, Cancun and Sabancuy. Detailed results of these 7 radars and the general evaluation
of the remaining 6 radars are presented below within this section.

1.1 Radar Cerro Cathedral

Cerro Cathedral radar site has been visited on 29 June 2010. The site is located on the top of
the mountain in Mexico State, northwest from Mexico City. The radar has been installed in the
beginning of 90-ies and upgraded in December 2007.

Geographical Coordinates: N19 33.1', W 99 31.1' Altitude = 3770 m a.s.l.

Figure 1: Radar Cerro Cathedral

The site has a good radar horizon, free of obstacles. The altitude difference from Mexico City is
approximately 1.5 km; therefore the use of negative elevations is desirable to measure targets
close to the ground at the urban areas.

1.1.1 Radar configuration

Originally Ericsson weather radar UBS 103 04, upgraded by Sigmet/Vaisala technology. The
most important upgraded units are: Signal processor RVP8 (based od Dual Pentium 3.08GHz),
Radar control processor RCP8, RF to IF receiver with calibrated noise source, STALO, digital
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AFC, IF digitizer RVP8 IFD, Solid state modulator TR1061, workstations with IRIS software
package.

The most important original parts from 90-ties are: Ericsson pedestal and antenna with the
diameter of 4.2m (beamwidth <1 deg.), radome, part of waveguides, rotary joints, Waveguide
dehydrator- compressor.

Auxillary systems

The site operates only on the power from one of two installed motor generators (Cummins and
John Deere). One of them is currently out of order. The generators have fuel for approximate
two weeks of operation. There is a plan to build a new AC power line with the length of
approximately 3.5 km already this year.

The radar is equipped with the UPS Powerware, which is operational and is used mainly when
the switching from the one to the other motor generator is performed. There is also a voltage
regulator and Voltage surge suppressor Acdata installed on site.

The Air Condition unit in the radar room is windows type and was operational during our visit.
Automatic Fire extinguishing system is installed on the site. Its current functionality is unknown.

1.1.2 Mode of operation

Cerro Cathedral radar due to its modern processing and controlling system is operated remotely
from SMN headquarters. It uses 3 scanning modes every 15 minutes:

- Surveillance scan at -0.5 degrees elevation at 300 km range
- Volume scan 0 to 10 degrees at 240 km range

- VAD volume scan — 3 higher elevation sweeps at short range

1.1.3 Maintenance and problems

After the modernization the radar has been maintained and calibrated under the warranty and
service contract with Rossbach/Vaisala Company. The test equipment and mechanical tools are
not available on site.

During the survey following issues were observed:

- The duty cycle of the waveguide dehydrator-compressor is approximately 3/hour. It
indicates the leakage in the waveguide run (possibly rotary joints)

- The radome has exceeded its nominal life time (15 years)
- There are visible signs of sparking on one of the lightning rod grounding wires
- One of the motor generators is out of order

- Some important BITE sensors are not present (were not a part of the upgrade in 2007),
therefore for example the waveguide pressure, airflow, cabinet temperatures and
magnetron parameters are not monitored by the BITE system.

- The volume scan starting from O degrees of elevation cannot detect important weather
targets in lower altitudes above Mexico City
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1.1.4 Conclusions and recommendations - Cerro Cathe  dral

Cerro Cathedral weather radar can be considered as modern powerful Doppler weather radar.
The minor issues (grounding, motor generator and waveguide leakage) can be fixed in short
term at costs in order of hundreds to thousands of USD. The AC power line can be built at cost
of approximately 8000 USD (according to the SMN information). It can improve the reliability of
the radar; decrease the running costs of electricity (the fuel cost and its difficult delivery to the
site)

Recommendation (short term)

Fix the failed motor generator, grounding and the waveguide leakage. Build the AC power line
as planned.

For the lightning protection of the system in such exposed location the low ground resistance of
the grounding system is very important.

Recommendation (short term)

To measure the actual values of the ground resistance and suggest the improvements, if
necessary

The coverage calculation using the high resolution digital elevation model SRTM30 and
specialized software showed, that the improved coverage of Mexico City area can be achieved
using the scan strategy starting from the elevation angle of -2 degrees. See Figure 2 and Figure
3. Areas below 1000m above the ground visible by the radar are marked light brown, whereas
areas visible between 1000-2000m above the ground are dark brown. The areas where the axis
of the lowest radar beam is higher than 2000m from the terrain are marked dark-blue.
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Figure 2: Radar Cathedral coverage 1km and 2km valground starting from elev. -0.5
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Figure 3: Radar Cathedral Coverage 1km and 2knovalground starting from elev. -2.0

In the case of scanning at low negative elevation angles the higher clutter contamination of
those elevation sweeps is expected. Due to that it is advised to set-up the clutter cancellation
using the suitable Doppler clutter filters possibly in combination with the clutter map.

Recommendation (short term)
Design and fine-tune the scan strategy using the elevation angles starting from -2.0 degrees

The old (not upgraded) units and parts, especially the antenna subsystem, radome and
waveguides can cause problems in the future. Original spare parts for Ericsson antennas are
hardly available on the market; parameters of the radome after its lifetime can be degraded.
Some of the important parameters of the radar cannot be remotely monitored. These issues
could be fixed by another major modernization step - replacement of the old units and parts
mentioned above. The cost of such an upgrade can be estimated between 300,000-600,000
USD.

Recommendation (short term)

Train the radar site staff (guards) on basic procedures they can perform daily/weekly on site.
Such procedures can involve checking the A/C status, duty cycle of waveguide dehydrator
compressor, visual and aural inspection of the radar (e.g. fans, error indicators, room
temperature, unusual antenna sounds, etc.)

Recommendation (medium term)

Perform the upgrade by the replacement of the antenna subsystem, waveguides, the radome,
dehydrator-compressor and corresponding remaining old parts; It is advised to consider the
upgrade to the dual-polarization system in the same time or at least to acquire the antenna and
radome prepared for the dual-polarization operation.
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1.2 Radar Palmito (Durango)

Palmito radar site has been visited on 01 July 2010. The site is located in a mountainous terrain
in the northern part of state Durango. The base of this system uses technology from 70-ties. The
system has been partially modernized — automated and dopplerized in 1994.

Geographical Coordinates: N25 45.35’, W 104 54.28’ Altitude = 2170 m a.s.l.
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Figure 4: Radar Palmito

The site has an excellent radar horizon in all directions to the distance of 80km, the coverage of
more distant areas can be considered still as good, although some sectors blocked by higher
mountains on lower altitudes exist (see Figure 5). In combination with Guasave radar they could
cover the Central-Western area very well, if both sites are equipped with reliable equipment and
larger antennas. The coverage simulation is calculated for 225 km ranges. This can be a realistic
coverage for quantitative measurements, after the radars are equipped with antennas providing
1 degree beamwidths.
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Figure 5: Palmito( combined with Guasave) site cage of 1000m and 2000m above ground

1.2.1 Radar configuration

Originally EEC radar model WR-100-2/77 with manual control, that has been automated and
dopplerized also by EEC manufacturer in 1994. From that time it uses RVP-6 signal processor,
partially upgraded transmitter and receiver, dehydrator-compressor, PC and software Radsys
3000. But the antenna, waveguides, radome and many other parts in use are still original from
the end of 70-ties.

The antenna has the diameter of 2.4 m, so the nominal beam width is only slightly less than 1.7
degrees.
Auxillary systems

There is no operational motor generator at the site. There is an UPS there, which is most
probably operational. The detailed investigation was not possible because there had been a
power outage lasting already for more than 2 weeks before the site visit and the batteries were
discharged completely.

The radar room is equipped with two air condition units of window type.

1.2.2 Mode of operation

Palmito radar had been operated locally and output images had been transferred to the Mexico
City SMN headquarters via the communication line. The system is out of order since May 2007.

1.2.3 Maintenance and problems

According to the previous diagnostics in 2008 done by Rossbach company, the signal processor
board RVP-6 is wrong, the antenna control does not work properly and the transmitter is not
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operational too. Since the installation there is a size mismatch between the antenna feed and
the radome as the antenna feed is hitting the radome at the elevations higher than 30 degrees.

1.2.4 Conclusions and recommendations - Palmito
The system is generally obsolete and aged.

The radome is many years behind their lifetime specified by the manufacturer. It implicates that
its mechanical and electrical parameters could be substantially degraded. The radome could be
damaged by the wind of much slower velocity than it was designed to survive. Its electrical
parameters as the attenuation and boresight errors are unknown, but probably much worse than
for newer radomes.

The transmitter uses an obsolete (not solid state) design with pulse forming network and the
thyratron tube. The nominal life of the thyratron tube is 1000 operating hours. That means that
such radar needs 3 to 5 thyratrons (with price 2000-3000 USD each) per year for proper
operation (in Doppler mode).

The signal processor RVP-6 has been considered as an industrial standard 15 years ago. It is
much less powerful than newer generation of signal processors. The repair or replacement of
RVP-6 can be very costly (in a range of several tens thousands USD).

The small antennas with 1.7 degrees beamwidth are not suitable for long range applications
(more than 300-350 km even in surveillance mode). On such long ranges such radars average
signals from huge volumes of atmosphere and therefore could be able to detect only extremely
strong and huge weather phenomena that are very rare. For example Palmito main radar beam
averages at 350km and 0.5 deg elevation angle the space between 7.5km and 18km above sea
level. Therefore many strong and severe phenomena are not detected by such radars on a long
range. This can decrease the general trust of professional users and public on weather radar
data is storm situations when the radar does not detect anything at long range.

Recommendation (short term)

Dismount, test and use some of compatible units and parts of this radar temporarily as spares to
fix other old operational radars. The examples of such units in this case can be: magnetron,
UPS, antenna motors and gearboxes, dehydrator-compressor and maybe also others.

Recommendation (short/medium term)

Replace the radar with the new state-of-art weather radar system equipped with the 1 degree
antenna beamwidth. This would most probably require the renovation of the building/tower as
the antenna pedestal and the radome would be bigger. The radar site needs a reliable motor
generator as the power outages can be often and long lasting. The estimated cost is 1.7 ~ 2.2
million USD.

The partial modernization of Palmito system is not recommended.

1.3 Radar Guasave (Sinaloa)

Guasave radar site has been visited on 05-06 July 2010. The site is located in the town of
Guasave on the roof of a building approximately 30 km east from the shore of California bay.
The base of this system uses technology from 70-ties. The system has been partially
modernized — automated and dopplerized in 1992.

Geographical Coordinates: N25 34.05’, W 108 27.8" Altitude =35 m a.s.l.
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Figure 6: Radar Guasave

The coverage of this site can be considered as good (see Figure 7). There are several buildings
and telecommunication towers in the vicinity of the radar that are of the same height or even
higher than is the radar antenna. This can partially degrade the data quality in some directions
(that cannot be seen on the coverage simulated using DEM data).
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Figure 7: Guasave site coverage of levels 1000m22@dm above ground up to 225 km range
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1.3.1 Radar configuration

Originally EEC radar model WSR-74C with manual control has been automated and dopplerized
also by manufacturer EEC in 1992. From that time it uses RVP-5 signal processor, partially
upgraded transmitter (modulator, high voltage power supply, thyratron pulse driver) and receiver
(STALO, COHO, video line drivers, Logarithmic IF amplifier, power supplies), dehydrator-
compressor, operator PC and software Radsys 3000. But the antenna, waveguides, the radome
and many other parts in use are still original from the year 1976.

The antenna has the diameter of 2.4 m, so the nominal beam width is slightly less than 1.7
degrees.

Auxillary systems

The motor generator situated also on the building roof is operational. It has an automatic
switching capability. There is an old UPS there. The batteries have been replaced in 2009, but it
is still not operational due to the problem in the control board.

All air conditioning units are operational.

1.3.2 Mode of operation

Guasave radar had been used for more specific scan strategies including volume scans at 240
km range until year 2000. Since November 2000 and the installation of the new version of
Radsys — Radsys 3000 the software in association with the communication system does not
allow to generate and transfer products from more different scan types. Due to that the system is
operated locally in surveillance mode and output images are transferred to the Mexico City SMN
headquarters via the communication line. Currently surveillance scans with elevation 1.0
degrees at 480 km range are used.

1.3.3 Maintenance and problems

According to the available protocols from last years, the radar has been calibrated in years
2002, 2003, 2004 and august 2006. The test equipment and mechanical tools are not available
on site. So it is always necessary to bring all the equipment and tools for the maintenance from
Mexico City.

Unfortunately the Doppler capabilities of the radar are not operational. The main reason is the
lack of the maintenance and spare parts. The thyratron tubes with the nominal life time of 1000
hours were being replaced only once per one or two years. These parts use to burn out in two
stages. After the first step the radar looses the coherency (since that the Doppler mode does not
work, but transmitter still radiates). But here these tubes have been replaced probably just after
the second step when the transmitter had stopped work completely.

The waveguide dehydrator-compressor is out of order for more than one year. Due to that and
taking into the account also the age of waveguides the waveguide losses can be much higher
than before.

1.3.4 Conclusions and recommendations - Guasave

The system is generally obsolete and aged. It is operational in very limited (non-Doppler)
surveillance mode of operation.

The radome is many years behind their lifetime specified by the manufacturer. It implicates that
its mechanical and electrical parameters could be substantially degraded. The radome could be
damaged by the wind of much slower velocity than it was designed to survive. Its electrical
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parameters as the attenuation and boresight errors are unknown, but probably much worse than
for newer radomes.

The transmitter uses an obsolete (not solid state) design with pulse forming network and the
thyratron tube. The nominal life of the thyratron tube is 1000 operating hours. That means that
such radar needs 3 to 5 thyratrons (with price 2000-3000 USD each) per year of proper
operation (with Doppler mode functional).

The signal processor RVP-5 is obsolete and much less powerful than newer generation of signal
processors.

The small antennas with 1.7 degrees beamwidth are not suitable for long range scans (more
than 300-350 km even in surveillance mode). On such long ranges such radars average signals
from huge volumes of atmosphere and therefore could be able to detect only extremely strong
and huge weather phenomena that are very rare. For example the Guasave main radar beam
averages at 350km and 1.0 deg elevation angle the space between 8.3km and 18.7km above
the sea level. Therefore many strong and severe phenomena are not detected by such radars
on a long range. This can decrease the general trust of professional users and public on
weather radar data.

Recommendation (short term)

To fix the Doppler mode functionality to eliminate clutter echoes, to fix or replace the dehydrator-
compressor and perform the calibration of the transmitter, receiver and waveguide run
afterwards.

Consider the use of the 240 km range for the operation.
To fix or replace the UPS.
Recommendation (short/medium term)

Replace the radar with a new state-of-art weather radar system equipped with the 1 degree
antenna beamwidth. This would most probably require the reinforcing or building a new tower as
the antenna pedestal and the radome would be bigger and heavier. It is desirable to erect the
radar tower as high as feasible to overcome most of the local obstacles (buildings and
towers).The another option would be to build a new site out of the town, more far from the
obstacles. The estimated costs are ~ 1.7 to 2.7 million USD.

The partial modernization of Guasave radar is not recommended.

1.4 Radar Los Cabos

Los Cabos radar site has been visited on 08 July 2010. The site is located on the top of the hill
above the the town and harbor of Cabo San Lucas at the southernmost end of Californian
peninsula. The system manufactured in 1991 belongs to the first generation of Doppler weather
radars. The antenna and radome has been replaced in 1999.

Geographical Coordinates: N22 52.88’, W 109 55.62° Altitude =230 m a.s.l.
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Figure 8: Radar Los Cabos

The radar horizon of this site is good only towards the open ocean. Californinan peninsula (and
all northern directions) is covered well only to distances of 35 to 60km from the radar (see Figure
9). There are several antenna masts close to the radar antenna, which can slightly worsen the
antenna beam characteristics.
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Figure 9: Los Cabos site coverage of levels 1006ch2z000m above ground up to 225 km range
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1.4.1 Radar configuration

EEC radar model DWSR-90C is currently equipped by the antenna with the diameter of 2.4 m
installed in 1999. The nominal beam width is a little bit less than 1.7 degrees.

The radar uses the signal processor ESP-7 and software package Radsys 3000. The transmitter
uses the old fashioned modulator with PFN and thyratron tube. The receiver is analog with the
clutter suppression of 25 dB only (according to the documentation).

Auxillary systems

The system is equipped with all necessary auxillary systems. At the time of the visit practically all
of them have had problems and have not been operational. The air conditioning unit at the radar
room was failed. The UPS and motor generator were not operational. The functionality of the
automatic fire extinguishing system was unknown. The communication problem has been fixed
during the site survey by SMN engineers.

1.4.2 Mode of operation

Los Cabos weather radar is operated in surveillance mode at mechanically fixed elevation angle.
At the time of the visit the elevation used was 1.7 degrees. The version of Radsys 3000 (v.2.34)
software in association with the communication system does not allow generating and
transferring products from more different scan types. Due to that the system is operated locally
in surveillance mode and output images are transferred to the Mexico City SMN headquarters
via the communication line.

1.4.3 Maintenance and problems

The system suffers due to the lack of spare parts and preventive maintenance. The test
equipment and mechanical tools are not available on site. So it is always necessary to bring all
the equipment and tools for the maintenance from Mexico City.

The antenna works at fixed elevation angle due to the failed planetary gears, elevation motor
and possibly also due to the damaged servo board.

The Doppler capability of this radar system is not operational too. One of the possible causes
can be thyratrons with the nominal life time of 1000 hours as in Guasave and Palmito (See
chapter 1.3.3). According to the SMN engineers this system suffered an electric shock, so other
parts of the transmitter/receiver could be damaged due to this reason.

The waveguide dehydrator-compressor is out of order too. In a long term this can cause the
corrosion inside waveguides and increased signal losses.

1.4.4 Conclusions and recommendations — Los Cabos

The system in Los Cabos deals with many problems. Currently it is operational in very limited
(non-Doppler) surveillance mode of operation at manually fixed elevation angle.

The transmitter uses an obsolete (not solid state) design with pulse forming network and the
thyratron tube. The nominal life of the thyratron tube is 1000 operating hours. The usual lifetime
is often longer. The field experiences show that such radar needs to acquire and replace 3-5
thyratrons (with price 2000-3000 USD each) per one year of proper operation.

The small antennas with 1.7 degrees beamwidth are not suitable for long range scans (more
than 300-350 km even in surveillance mode). On such long ranges such radars average signals
from huge volumes of atmosphere and therefore could be able to detect only extremely strong
and huge weather phenomena that are very rare. For example the Los Cabos main radar beam
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currently averages at 350km range and elevation 1.0 deg the space between 12.8km and
23.2km above sea level. This is much higher than most of weather phenomena occur. Therefore
many strong and severe phenomena are not detected by such radars on a long range. This can
decrease the general trust of professional users and public on weather radar data.

Recommendation (short term)

To fix the Doppler mode to eliminate the clutter echoes, to fix or replace the dehydrator-
compressor and perform the calibration of the transmitter, receiver and waveguide run
afterwards.

To repair the elevation movement of the antenna

To consider the use of the 240 km range for the operation.

To fix the UPS, diesel generator and air conditioner

Total costs of all these repairs could be probably less than 25,000 USD
Recommendation (short/medium term)

To consider the moving of the radar to a more suitable location covering better the territory of
south California

To upgrade the radar with new antenna with 1 degree antenna beamwidth, digital receiver/signal
processor, sophisticated software package and the solid state modulator. The estimated costs
are ~ 0.7 — 1.5 million USD.

1.5 Radar Acapulco

Acapulco radar site has been surveyed on 13 July 2010. The site is located at Alvarez
International airport of Acapulco, 2.3 km from the coast of Pacific ocean. The base of this system
uses technology from 70-ties. The system originally installed at Gaius Arcas has been partially
modernized — automated, dopplerized and installed in Acapulco in 1994,

Geographical Coordinates: N16 45.79’, W 99 44.97' Altitude =15 m a.s.l.

The radar horizon of this site is very good towards the open ocean and acceptable to the east
and north. The coverage of the coastal area to the northwest from the radar is blocked due to
the mountains. Figure 11). There are no local obstacles at the site.

1.5.1 Radar configuration

Originally EEC radar model WR-100-2/77 with manual control, that has been automated and
dopplerized also by EEC manufacturer in 1994. It currently uses ESP-7 signal processor,
partially upgraded transmitter and receiver, dehydrator-compressor, PC and software Radsys
3000. The antenna, waveguides and many other parts in use are still original from the end of
70-ties.

The antenna has the diameter of 2.4 m, so the nominal beamwidth is only a little bit smaller than
1.7 degrees.
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Figure 10: Radar Acapulco
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Figure 11: Acapulco site coverage of levels 10@0mh 2000m above ground up to 225 km

Auxillary systems
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The motor generator at the site is operational, though not often used due to the electric power
reliability at the airport. The UPS is operational, but the batteries are old and have insufficient
capacity. The voltage regulator is operational. Air condition units in the radar room and operator
room are working.

1.5.2 Mode of operation

Acapulco radar is operated locally and output images are transferred to the Mexico City SMN
headquarters via the communication line. The system works in very limited mode of operation.
The Doppler mode does not work. System works in surveillance mode, generating PPI images at
the constant elevation angle of 1.8 degrees at 240 km range.

1.5.3 Maintenance and problems

The system suffers due to the lack of spare parts and preventive maintenance. The test
equipment and mechanical tools are not available on site. So it is always necessary to bring all
the equipment and tools for the maintenance from Mexico City.

The original RVP-5 processor has been replaced by the ESP-7 belonging to Altamira radar.
There is a problem to control the elevation of the antenna, so the radar scans with a fixed
elevation angle. The Doppler mode is not functional too as in most other cases of the old EEC
radars using the obsolete modulators with thyratrons.

The waveguide dehydrator-compressor is out of order for more than one year. Due to that and
taking into the account also the age of waveguides the waveguide loss can be much higher than
before.

1.5.4 Conclusions and recommendations - Acapulco

The radome is many years behind their lifetime specified by the manufacturer. It implicates that
its mechanical and electrical parameters could be substantially degraded. The radome could be
damaged by the wind of much slower velocity than it was designed to survive. Its electrical
parameters as the attenuation and boresight errors are unknown, but probably much worse than
for newer radomes.

The transmitter uses an obsolete (not solid state) design with pulse forming network and the
thyratron tube. The nominal life of the thyratron tube is 1000 operating hours. That means that
such radar needs 3-5 thyratrons (with price 2000-3000 USD each) per one year of proper
operation.

Small antennas with 1.7 degrees beam width are not suitable for long range applications (more
than 300-350 km even in surveillance mode). On such long ranges such radars average signals
from huge volumes of atmosphere and therefore could be able to detect only extremely strong
and huge weather phenomena that are very rare. For the illustration Acapulco radar at the
current scan settings at the distance of 240km and 1.8 deg elevation angle averages the space
between 7.5km and 14.5km above the sea level.

Recommendation (short term)

To fix problems with the elevation control, Doppler mode and dehydrator-compressor using the
spare parts available on stock and/or spare parts from other non-functional EEC radar as e.g.
Palmito radar. To perform the calibration of the transmitter, receiver and waveguide run
afterwards.
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Recommendation (short/medium term)

Replace the radar with the new state-of-art weather radar system equipped with one degree
beamwidth antenna. The design of existing radar tower looks that this could not require a major
reconstrution. The radar site needs a reliable UPS. The estimated cost is 1.5 ~ 2.0 million USD.

The partial modernization of Acapulco radar is not recommended.

1.6 Radar Cancun

Cancun radar site has been visited on 14 July 2010. The site is located at the Cancun
International Airport on Yucatan peninsula, 4 km far from the Carribean Sea shore. The radar
antenna is installed on the roof of small building (approx. 10 m height) Formerly Ericsson radar
from the beginning of 90-ties, upgraded in 1999 and 2009.

Geographical Coordinates: N21 1.74’, W 86 51.12" Altitude =20 m a.s.l.

P

Figure 12: Radar Cancun

The site has an ideal radar horizon in all directions due to the flat terrain. The data from this
radar could be of an interest for neighboring countries (Cuba and Belize) and therefore possibly
suitable for the international exchange. Figure 13 shows that the whole range is ideally covered
— the heights below 1000m are visible everywhere within 225km circle.

The radar location is also very well located in the vicinity of Cancun international airport and it
could be used also for aviation applications.
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Figure 13: Cancun site coverage up to 225 km.aObh@@vel above ground

1.6.1 Radar configuration

Originally Ericsson weather radar UBS 103 04, upgraded in 1999 to EEC DWSR-2500C and in
2009 modernized by the latest digital receiver signal processor RVP-901 by Sigmet/Vaisala. It is
equipped also with the solid state modulator Pulse Systems MG-1390 and workstation with the
state-of-the-art IRIS software package.

The most important original parts from the beginning of 90-ties are: Ericsson pedestal and
antenna with the diameter of 4.2m (beamwidth <1 deg.), the radome and part of waveguide run
including rotary joints.

Auxillary systems

The site is equipped with motor generator with automatic transfer switch. The generator is
operational, but not used often, due to the power reliability at the airport.

The radar is equipped with the UPS from APC manufacturer, which is currently out of order. The
repair has been ordered. The Air Condition units in the radar room and operator room are
window types and were operational during our visit.

Automatic Fire extinguishing system is installed on the site. Its current functionality is unknown.

1.6.2 Mode of operation

Cancun radar due to its modern processing and controlling system can be operated remotely
from SMN headquarters. Due to the existing problems on site it temporarily uses only
surveillance scan mode at 0.5 degrees elevation at 300 km range.

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska



18

1.6.3 Maintenance and problems
The radar is operational, but deals with couple of problems:

- There are problems to scan at elevation angles above 2.8 degrees - probably due to the
servo board and elevation motors incompatibility. The antenna control problem causes
sudden stops of the antenna from time to time.

- There is a leakage in waveguide run probably at the feedhorn, so the waveguides are not
pressurized properly.

- The signal processor needs a manual confirmation from the keyboard during the startup
procedure. During the survey following issues were observed:

- The radome has exceeded its nominal life time (15 years)
- The UPS is out of order

1.6.4 Conclusions and recommendations - Cancun

Cancun weather radar can be considered as modern powerful Doppler weather radar. The
waveguide leakage and the UPS are high priority issues and can be probably fixed in a short
term from local sources. The antenna control and servo board and motors incompatibility could
be potentially a complex issue and the assistance of the manufacturer would be necessary.

Recommendation (short term)

To fix the waveguide leakage and perform the full calibration of the system, including the
waveguides loss measurement.

To fix the UPS (or acquire a new UPS within the framework of planned “mass” UPS
replacement); It is recommended to assess the UPS with right parameters, as the power load of
an upgraded system is usually lower, than was for original system in the past.

To fix the antenna control problem and re-enable the use of more sophisticated scan
applications as volume scans and wind products

The minor issue which needs the operator input during the restart of the RVP-901 procedure has
to be fixed with the (most probably remote) support from Sigmet/Vaisala side. This has to be
most probably covered by the existing warranty.

Recommendation (short term)

To ask Vaisala/Sigmet support to assist in fixing this issue

The radar (when the open issues are fixed) is capable to provide useful high resolutions short
range products and warnings for the Cancun International Airport.

Recommendation (short-medium term)

To design and fine-tune the scan strategy for short range high resolution products and to offer
aviation products to airport users

The old (not upgraded) units and parts, especially the antenna subsystem, radome and
waveguides can cause problems in the future. The original spare parts for Ericsson antennas
are hardly available on the market; the parameters of the radome after its lifetime can be
degraded. These issues could be fixed by another major modernization step - replacement of
the old units and parts mentioned above. The cost of such an upgrade can be estimated
between 300,000-600,000 USD.

Recommendation (medium term)
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To perform the upgrade by the replacement of the antenna subsystem, waveguides, the
radome, dehydrator-compressor and corresponding old parts; It is advised to consider the
upgrade to the dual-polarization system in the same time or at least to acquire the antenna and
radome prepared for the dual-polarization operation

1.7 Radar Sabancuy

Sabancuy (state Campeche) site has been visited on 15 July 2010. The site is located in
Sabancuy village, 2.6 km from the coast of the Gulf of Mexico. Originally Ericsson radar from the
beginning of 90-ties has been upgraded by EEC manufacturer in 1999.

Geographical Coordinates: N18 58.34’, W 91 10.36’ Altitude =10 m a.s.l.

Figure 14: Radar Sabancuy

The site has had an ideal radar horizon in all directions due to the flat terrain (Figure 15). -
1000m level above ground is covered practically in the whole range

Since the installation some trees have grown and now they make a serious blockage to the
radar signal. The most problematic is probably the shadow (a sector blockage approximately 40
degrees wide in azimuth) to the north-east caused by the big tree adjacent to the radar site (See
Figure 14). These local obstacles cannot be seen in the coverage simulation using Digtal
Elevation Model (DEM).

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska




20

\
1
b

‘\.

\

M

,i'

3 M}:‘I—(C‘B -ISabancuy,

~1 SR
{rBeIn}opaQ#
Belize 3G 009l
g, &

pticfiState'Geographer
e 3 A =
10 Europa-Technologies

Figure 15: Sabancuy site coverage up to 225 kmeang

1.7.1 Radar configuration

Formerly Ericsson weather radar UBS 103 04, upgraded in 1999 to model EEC DWSR-2500C-1
is equipped with an old Ericsson antenna pedestal with the diameter 4.2 m and the original
radome from the beginning of 90-ties. The nominal antenna beam width is less than 1 degree.

The radar uses the signal processor ESP-7 and software package Radsys 3000. The transmitter
uses a solid state modulator with the capability of three different pulse widths. The receiver is
analog with the clutter suppression greater than 40 dB and the dynamic range over 90 dB.

Auxillary systems

This site has suffered with the poor quality of the mains power, many power outages and big
voltage fluctuations. Although the diesel generator is functional, there are two big UPS units on
site (APC and Liebert), but both are out of order. The Air conditioning units in the radar room
blow out the breaker after several minutes of operation. The automatic fire extinguishing system
is also not operational according to information from local staff. The communication issue and
the Radsys PC problem have been solved during the site survey.

1.7.2 Mode of operation

Sabancuy weather radar has been found switched off at the beginning of the site survey. The
system uses the basic software package Radsys 3000, which does not allow generating and
transferring products from more different scan types. Due to that the system is normally
operated locally in surveillance mode and output images are transferred to the Mexico City SMN
headquarters via the communication line.
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1.7.3 Maintenance and problems

The system has suffered due to low quality power supply and subsequent damages to electrical
components. It has been reported, that the system since its upgrade in 1999 has been out of
order more often than operational.

During the visit it has been found that the radar itself could be operational. In local mode the
antenna can be controlled manually both in elevation and azimuth. After the replacement and
set-up of the Radsys PC, the system was operational even in computer controlled mode. It has
been found that some signal processor parameters were not correctly set (trigger timing, range
correction, geographic coordinates). After the adjusting these parameters the radar was able to
detect storm cells within its operating range. Even the Doppler mode has worked. It was not
possible to control the antenna elevation remotely. This indicates probable problem in the radar
control processor board. After the examination the radar had to be switched off due to the
problems with air conditioners and high radar room temperature.

The waveguide dehydrator-compressor was out of order. In a long term this can cause the
corrosion inside waveguides and increased signal losses.

It has been found that the highest steps of the tower ladder are heavily corroded. So the access
to the radome could be dangerous.

1.7.4 Conclusions and recommendations - Sabancuy

The system has been suffering with many issues. Currently it would be operational in limited
mode of operation at fixed elevation angle, but the air-condition unit breaker has to be fixed.

Recommendation (short term)

To fix the air condition breaker

To repair the elevation control of the antenna

To repair or replace the UPS

To fix the tower ladder and examine the tower with respect to corrosion

Total costs of all these repairs could be probably less than 30,000 USD

This system uses the technology that is in the middle of the line of SMN radars. It is more
modern that the older EEC radars, but it is little more obsolete than Ericsson/Sigmet radars. It
uses ESP-7 signal processor from 90-ties, basic software package Radsys, as well as original
Ericsson (not upgraded) units and parts, especially the antenna subsystem, radome and
waveguides The original spare parts for Ericsson antennas are hardly available on the market,
the parameters of the radome after its lifetime can be degraded. These issues could be fixed by
another modernization step - replacement of the old units and parts mentioned above. The cost
of such an upgrade can be estimated between 500,000-800,000 USD.

Recommendation (short-medium term)

To perform the upgrade by the replacement of the antenna subsystem, waveguides, the
radome, dehydrator-compressor, as well as radar control processor, the signal processor and
the software package; It is advised to consider the upgrade to the dual-polarization system in the
same time or at least to acquire the antenna and radome prepared for the dual-polarization
operation.
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1.8 Other SMN radars

The radar sites Mozotal, Alvarado, Cuyutlan, Obregon, PTO Angel and Altamira were not visited
during this mission. Their operational status was assessed using the documentation, interviews
and the analogy with the visited sites equipped with the same or similar technology.

1.8.1 Mozotal (Chiapas) radar

Mozotal radar Selex/Gematronic Meteor 600C-DP installed in 2009 can be considered as a
brand new state-of-art modern dual polarization Doppler weather radar. It uses a sophisticated
software package Rainbow version 5.28.1. Among many important features the radar provides
DPSRI product (dual polarization enhanced surface rainfall intensity). Therefore the radar is
capable to provide high quality quantitative rain estimates. The antenna diameter provides 1
degree beamwidth

Currently the radar site has communication problems, probably caused by the wrong position of
the satellite antenna dish with respect to nearby trees or other local obstacles.

Recommendation (short term)
To fix the communication issue

To use the capabilities of the radar especially for the quantitative rain estimation using e.g.
DPSRI and RSA (River subcatchment analysis) products

1.8.2 Ericsson/Sigmet radars (Alvarado, Cuyutlan, O  bregon, PTO Angel)

Configuration of these for radars is practically identical to the Cerro Catedhral radar. They use
Ericsson antennas with the diameter of 4.2m, original waveguides and radomes from the
installation in years 1991-1994. Since 2007-2008 they are equipped with modern digital
receivers, signal processors RVP8/RCP8, solid state modulators, workstations and advanced
software package IRIS. The remaining old parts are not covered by the warranty and due to their
age they are most critical potential source of problems.

Accurate coordinates of those radars are shown in the following table:
Table 1. Accurate radar coordinates.

+ 123456728 973:,67;8 <7
1237<61=8 1=43=<6==8 1=
* 5;3526748 1=937<6448 4=
# 1734=61<8 9<3596498 97

These sites deal also with the problems with auxiliary systems. In most of the sites there are
failed UPS due to their age and the lack of the maintenance. This decreases the data availability
on and also can cause subsequent problems with radars, because radar parts are often
exposed to the electrical stress due to the sudden power outages.

Recommendation (short term)

To solve the problems and improve the reliability of auxiliary devices, especially UPS using
maintenance contracts (preferably with local companies with the occurrence in the vicinity of the
site). The planned mass replacement of the UPS devices could also improve the situation,
provided the proper preventive maintenance for these systems is also secured.
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The old (not upgraded) units and parts, especially the antenna subsystem, radome and
waveguides can cause problems in the future. The original spare parts for Ericsson antennas
are hardly available on the market. The parameters of the radomes after their lifetime can be
degraded. Some of the important parameters of these radars cannot be remotely monitored.
These issues could be fixed by another major modernization step - replacement of the old units
and parts mentioned above. The cost of such an upgrade can be estimated between 300,000-
600,000 USD per one system

Recommendation (short term)

Train the radar site staff (guards) on basic procedures they can perform daily/weekly on site.
Such procedures can involve checking the A/C status, duty cycle of waveguide dehydrator
compressor, visual and aural inspection of the radar (e.g. fans, error indicators, room
temperature, unusual antenna sounds, etc.)

Recommendation (medium term)

Perform the upgrade by the replacement of the antenna subsystem, waveguides, the radome,
dehydrator-compressor and corresponding remaining old parts; It is advised to consider the
upgrade to the dual-polarization system in the same time or at least to acquire the antenna and
radome prepared for the dual-polarization operation.

The coverage of Cuyutlan and Pto. Angel radar towards Mexican territory is far from ideal (see
Figure 16) due to their location at the ocean coast and blockage due to inland mountain ranges.

010 INEGI

309 km 010 Google i _,| ,
I_I_|_l_| Data SI0, NOAA, U.S. Navy, NGA, GEBCO L0031

= 0 Europa Technologies

Figure 16: Coverage of levels 1km and 2km abowermul for Cuyutlan, Acapulco, Pto Angel,
Cathedral and Alvarado — at 225km ranges

Recommendation (medium term)

Consider moving Cuyutlan and Pto.Angel radars to more suitable locations to optimize their
inland coverage with no significant degradation of their coverage towards the ocean.
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1.8.3 Radar Altamira
Geographical Coordinates: N22 23.26’, W 97 55.54' Altitude =10 m a.s.l.

Originally old EEC radar model WSR-74C from 70-ties, currently utilizes modern digital receiver-
signal processor from SIGMET/VAISALA and also the advanced software package IRIS.
According to the available information the old antenna system is in poor conditions and radar is
not reliable due to the status of remaining obsolete and aged units and parts.

Recommendation (short/medium term)

To either replace the radar with the new state-of-art weather radar system equipped with the 1
degree antenna beamwidth and use the signal processor and other modern parts as a spares
for other Sigmet-IRIS based systems or

- to upgrade the radar in a way where remaining original old parts are replaced.
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2.  Weather radar network development plan

The highest priority of the CONAGUA weather radars expressed by the SMN representatives is
the use of the radars for the early warning purposes. It is very desirable to improve the capability
of Mexican weather radars as a network. Another important aim for the future is to start the
international exchange of weather radar data.

The operational status of the network in the past and present cannot be considered satisfactory.
The reliability of the network, the data availability and the data quality has been low. The lack of
the maintenance and spare parts, the lack of people dealing with radars and also the age and
obsoleteness of some parts of the used technology are the main causes of this situation.

For the fulfillment of SMN priorities and aims the improvement in several areas has to be
achieved. It would be necessary to:

improve the weather radar technology;

improve the corrective and preventive maintenance;
- complete the network coverage at least for the purpose of long range early warning;

- improve the utilization of the radar data and products, which also requires the training of
the people involved;

2.1 Technology

2.1.1 Current status

The CONAGUA weather radar network utilizes the technologies from different manufacturers. 12
out of 13 radars are consisting from mixture of old (EEC from 70-ties), newer (ERICSSON, EEC
from 90-ties) and current technologies (VAISALA/SIGMET 2007-2009). These 12 “hybrid” radars
overcame one or more modernizations since their first installation. They utilize combination of
two or three generations of technologies. At present there is only one system installed in
Mozotal (Chiapas) by SELEX that can be considered as a completely new and single generation
technology system.

The approach to partially modernize radars has brought the substantial spare of investments.
On the other hand it could have an influence to a lower reliability of these hybrid systems. The
manufacturers performing the upgrade usually guarantee the functionality of new parts only and
not the functionality of the overall system. The remaining old parts are often the main sources of
problems as well as their interfaces with the modernized units as they are not always 100%
tested and compatible.

In the next paragraphs the radars are discussed in order starting from those requiring the most
immediate concern.

The Oldest EEC radars

Four oldest radars — Palmito, Guasave, Acapulco and Los Cabos (old EEC models partially
upgraded and dopplerized in 90-ties can be considered as obsolete, aged and unreliable (some
of them are out of order for a long time, others are operational, but only in a very limited mode of
operation (Doppler mode is not functional, waveguides have not been pressurized for a long
time, volume scans are not possible and calibration of these systems is unknown and very
probably not correct. The measured data could not be used for a quantitative processing and
reliable product generation). All they use the basic software package Radsys.
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These radars are equipped with small (2.4m) antennas. Such antennas have a wide beam width
(more than 1.6 degrees) and are not suitable for long range (more than 300-350km) scans. On
such long ranges these radars average signals from huge volumes of atmosphere and therefore
could be able to detect only extremely strong and huge weather phenomena that are very rare.
Some of the antennas, waveguides and especially radomes are very old and are already many
years after their life time specified by manufacturers. It implicates that their mechanical and
electrical parameters could be substantially degraded. In the worst case the radomes could be
damaged by the wind of much slower velocity than they were designed to survive during their
lifetime.

Altamira radar

Originally old EEC radar model WSR-74C from 70-ties, currently utilizes modern digital receiver-
signal processor from SIGMET/VAISALA and also the advanced software package IRIS.
According to the available information the old antenna system is in poor conditions and radar is
not reliable due to the status of remaining obsolete and aged units and parts.

Sabancuy radar

The technology used in this radar stands somewhere in the middle of the line. The radar
transmitter/receiver uses a quite modern design and has acceptable parameters, but the
software used (Radsys 3000) is just a basic radar software package and cannot compare with
more advanced software packages. Apart from this issue, it has to deal with the same
weaknesses as the rest of originally Ericsson radars (See next paragraph).

Sigmet/Vaisala upgraded Ericsson radars

6 radars upgraded by Sigmet-Vaisala technologies (Cathedral, Alvarado, Cuyutlan, Obregon,
PTO Angel and Cancun) from the processing and application points of view can be considered
as modern powerful Doppler weather radars.

Original Ericsson (not upgraded) units and parts, especially the antenna subsystem, radome and
waveguides are weakest parts in these systems. They can cause more and more problems in
the future. Original Ericsson spare parts are hardly available on the market. Mechanical and
electrical parameters of radomes after their lifetime can be degraded. Some important
parameters of these radars cannot be remotely monitored.

Mozotal radar

This radar can be considered as brand new state-of-art modern dual polarimetric Doppler
weather radar.

Auxiliary systems

Auxiliary systems are namely uninterruptible power supplies (UPS), motor generators, automatic
transfer switches, Air conditioning equipment, communication equipment, lightning and
overvoltage protection, fire protection systems. These systems are either needed for the proper
operation of the radar, or they have to protect the radar in case when the operational conditions
are not nominal. In the SMN weather radar network many of these systems are generally in bad
conditions and often they cause the subsequent damages to the radar hardware. UPS units and
the air conditioning systems can be considered as most critical. But the other auxiliary systems
need the attention and the proper care too.
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2.1.2 Short term actions

The short term actions have to bring improvements in short time with relatively small costs.
These actions would have to include:

- Repair of the radar problems that can be done using the available spare parts on stock
and using the parts from radars that are not feasible to repair (See Section 1)

- Repair or replace the failed and/or unreliable auxiliary systems (especially UPSes and Air
condition units)

Obsolete and aged radar systems do not perform their function properly and often decrease the
general trust of the professional users and public to the radar data. Therefore it is recommended
to replace them with modern systems as soon as possible. (For the details see
recommendations in Section 1 - Operational status of the radars)

As a part of the acceptance of new or modernized radars it is always recommended to perform a
test run with a strong load on the radar system in length of at least 2 weeks. This can be
extremely important in case of upgraded radars — as it allows detecting most of the possible
compatibility issues already at this stage.

2.1.3 Medium and Long term plan

The suggested technology modernization after the replacement of the oldest systems with new
state-of-the-art Doppler radar systems preferably with Dual Polarization capabilities has to
include upgrades of remaining Ericsson based systems as described in Section 1.

In medium term it is desirable to complete the network for the purpose of tropical storm detection
and warnings in a long range by adding 4-5 new modern systems in the northern part of Mexico
and Nayarit state (See chapter 2.3.1). This would require the investments in range of 10-12
million USD.

Backup communication lines

It is advised to install backups for the used telecommunication lines on sites where it is feasible.
In places with the presence of high speed Internet providers it is recommended to consider the
VPN (Virtual Private Network) technology of data transfer over the Internet. This method is low
cost and secure and can be reliable enough (depends on the reliability of the Internet provider
services). In some cases the connection speed of such VPN link could allow to use it as an
primary connection and the existing (satellite or microwave) connection with lower speed use as
a backup. The backup line should have a sufficient capacity to transfer at least the most critical
subset of data to the center.

Use of transportable systems

Long range mobile/transportable radars could be considered as a backup option for fixed radars
with long lasting problems. In this case the sites should be selected and prepared in advance. A
trained team would be needed for the quick unpacking and set-up of such transportable system.

In the periods where all fixed radars are operational these transportable systems could be
operated in suitable sites to fill gaps in the network coverage.

Lower cost/lower range radars

Lower cost radars such as for example radars using SST (Solid State Transmitter) or TWT
(Travelling Wave Tube) technologies can be used to cover important areas as highly populated
areas and areas where the low level coverage by long range radars is difficult due to terrain
conditions. Low transmitted power brings lower costs, higher reliability, but decreases the
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effective range of such radars to 50-100km. This could be nowadays partially compensated by
using long pulses and the pulse compression technology. This technology could slightly increase
the costs of such system due to the higher processing complexity, but the effective range could
be increased up to 150 or even 200 km.

The example of a suitable use of such systems could be the coverage of the Mexico City area
using 2 short range systems located on the opposite sides of the valley.

Phased array radars

This technology is promising for the future and could be possibly used in very dense networks of
short range radars scanning the low troposphere or even as a replacement of long range
systems. The operational use of such systems is nowadays still too costly. Therefore they are
considered perspective for next decades. (See also Chapter 3.1.4)

2.2 Maintenance

Maintenance of the radars in the past and in present is probably the most critical issue for the
CONAGUA radar network. Due to that the improvement in this area could bring most important
progress in the radar data availability and data quality.

2.2.1 Current status

A preventive maintenance of the radar network has been performed in the past only when SMN
have succeeded to allocate financial resources for this purpose. And unfortunately this was not
each year. Due to this the radar performance has often suffered due to the insufficiency of spare
parts or money for the maintenance.

The radar data availability and data quality is being relatively low comparing with radar networks
of other countries. Beside of the occasional allocation of financial sources for the maintenance,
another reason is the lack of the maintenance personnel. At present for the hardware and
software maintenance of 13 radars there are only 3 engineers allocated. This is inappropriate.
This micro team should be very glad when they can manage to fix some of the most critical
problems only, but they have no time to deal with lot of other problems, and neither have they
any time for the necessary preventive maintenance and calibration.

Another factor which makes this situation difficult is the strict centralization of the maintenance.
This approach is not appropriate for such a large country as Mexico. The small maintenance
team is located only in Mexico City SMN headquarters. They need to travel for a long distance
mission for each (even the simplest) repairs and maintenance procedures.

The test and measuring equipment is also available only in SMN headquarters in Mexico City
and has to be transported (often by air) to the site for repair missions all the time. This should be
quite costly and inconvenient. It increases also the price of the maintenance provided by the
external companies, as they need to carry all the equipment with them. A typical set of the test
and measuring equipment for the radar can have weight of 100 kg or more. Currently one
cannot find nor any screwdriver on some radar sites.

Many radar sites around the world are equipped at least with the recommended set of
measuring equipment. Such a set consists of: oscilloscope, multimeter, power meter, frequency
meter, crystal detector, attenuator set, mechanical toolbox, cables and adaptors. In optimal case
it contains also the signal generator and spectrum analyser. It has been checked that SMN
disposes with at least 3 sets of such measuring and test equipment.

The maintenance of the radar hardware and software is a rather specialized task. The most of
the procedures can be performed only by well educated and trained electrical engineers and IT
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professionals. But for the sustainable operation of the weather radars it is very important also to
guarantee the proper maintenance of the auxiliary equipment. Different auxiliary systems usually
require different specialized service companies for the repair and maintenance.

2.2.2 Improvement options

Radar maintenance performed by CONAGUA/SMN

The maintenance improvement of such a large and wide spread radar network is not imaginable
without the substantial increase of the qualified human resources. It is necessary to perform the
preventive maintenance in the intervals recommended by the manufacturer. In many cases
these intervals are 6 months or even shorter. For example EEC manufacturer recommends
performing many specialized preventive procedures and measurements quarterly.

For such a large network at least some level of decentralization of maintenance would be
desirable. Much better situation would be whenever CONAGUA regional centers would be
responsible for at least the basic maintenance of ideally 2-3 radars in their proximity (preferably
easily reachable by car). The minimum staff needed would be one electrical/RF engineer and 1
technician for each regional centre with the appropriate training and test equipment. For the
software issues and the most complicated hardware problems they could be supported from the
staff of the SMN center in Mexico City.

If we estimate 5 regional centers including the centre in Mexico City, the recommended
minimum specialized staff would comprise of 5 RF engineers, 5 technicians and 2 software
engineers. The annual personal costs of such staff could be around 175 000 USD (excluding
trainings, travel, etc.).

Another approach could be to contract all the maintenance with the external company, provided
that SMN people should supervise all their works very carefully.

Outsourcing of the radar maintenance

SMN considers performing the radar network maintenance by contracting these services with a
third party. Such an outsourcing approach could be successful, if the important precautions are
observed to avoid unwanted behavior and possible unwanted “workarounds” of the contracting

party.

Most of all it would be necessary to secure:

- Partner/contractor with the necessary skills and experiences in the weather radar
maintenance. As the network is large and deals with many issues, the partner should
have enough qualified personnel to maintain several radar systems simultaneously

- Very detailed specifications of preventive maintenance (intervals, procedures, protocols).

- Detailed and controllable specification of desired data and services quality (as maximum
downtime per year, criteria when the radar is considered fully operational, etc.)

- Supervision of SMN representatives at all (or selected) procedures

- Contractual penalties when the services do not meet the criteria

- Detailed technical specifications of acceptable changes, upgrades and possibly new
radar systems (if upgrades and network modernization are included into such an
outsourcing project)

The costs of such maintenance contract can be estimated in a range between 20 000 — 60 000
USD per one radar per year (excluding spare parts needed). This estimate is based on figures
from similar maintenance contracts proposals. The maintenance price of the oldest systems
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would be probably at the higher boundary of that range, as their reliability is low and it would
need more working days per year to keep them operational. If we add the estimated price of
spare parts 30 000 - 50 000 USD per one radar and year, the costs of supervision and other
overhead costs, the reasonable estimate of total costs in the case of the outsourced
maintenance could be around 100 000 USD per one radar per year in average.

Maintenance of the auxiliary equipment

The most advisable approach could be to make maintenance contracts with specialized local
companies with presence in the area of the radar where possible. These companies should be
able to perform the necessary preventive procedures in proper intervals and make fast repairs
when necessary. For the repairs such contractor should be able of prompt response when the
problem arises (ideally within 24 hours).

This auxiliary equipment maintenance could be also covered by the overall outsourcing contract.
In this case the main partner most probably should have to contract such specialized companies
as subcontractors.

Budget for the running costs

For the sustainable operation of weather radars the preventive maintenance in regular intervals
is a must. The experiences also from other countries show that it is often easier to allocate the
money for the investments, but there are many difficulties to find the budget for running costs
each year. The ideal approach would be to strictly follow the rule that some percentage of the
total investment price should be allocated for the running costs, including the maintenance per
each year.

Recommendation (short term)

Improve the radar maintenance by either allocating substantially more internal specialists, or
using the maintenance contract(s) with external company or companies. Follow the
recommended intervals for the preventive maintenance and calibration.

For the maintenance of the auxiliary equipment it is advisable to conclude contracts with
specialized local companies with capabilities to perform prompt repairs and preventive
maintenance of these important supporting devices.

It is suggested to secure funds for the running costs each year as a percentage of the total
investment costs. For the reliable operation of the radar network this percentage has to be
significantly higher than the average spent during the past years for this purpose.

2.3 Coverage

Coverage of the radar network has been evaluated for two different applications of weather
radars. Long range (surveillance) coverage simulation illustrates the capability of the radar
network to detect large weather phenomena (typically tropical storms) at long distances up to
450 km. For this purpose the visibility of 5km CAPPI layer above the sea level is used. The
covered areas on pictures are shown as illuminated. The network coverage for the Quantitative
Precipitation Estimation (QPE), detection and tracking of smaller (mesoscale) weather
phenomena is representatively simulated by calculation of the visibility of lower layers above
ground surface. Within this study the areas where the radar sees to the height below 1000m
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above the terrain are considered as covered well (marked light brown in the pictures). The
areas where the radar sees to the heights between 1000m and 2000m above the terrain are
considered as covered satisfactorily (marked dark brown).

2.3.1 Long range network coverage

The radar network coverage for the large scale weather phenomena (such as tropical cyclones
and hurricanes) detection and tracking over the Mexico territory and its sea shores (provided
that all radars are operational) can be considered satisfactory with some exceptions. Most part
of the northern Mexico is not covered and there are also large uncovered areas in Nayarit state
and its surroundings. Figure 17 illustrates the surveillance coverage of the network of 13 existing
radars - mosaicked 5km CAPPI level visibility at 450 km ranges (300km for the radars equipped
currently with smaller antennas).

But this simulation is unfortunately far from the reality due to the actual status of the network
when the data availability is often less than 50%. The network is often not a real network, but it
can be better characterized as a set of several more or less independent radars. Therefore the
first priority task has to be the re-establishing the network by recovering the existing sites

877 km 010 Google
Data 510, UiSE Navy, NGA GEBCO

@ 2010 Eurgpa Technologies

Figure 17: Surveillance coverage of the networR ®#xisting radars - 5km CAPPI level

Apart from the existing network reliability, for the completion the long range coverage at least 5
new systems should be added (Northern California or Sonora, Chihuahua, Nuevo Leon,
Zacatecas and Nayarit). This could also improve the positions of Mexico when negotiating the
data exchange with the US radar network.

For this purpose a set of 5 new sites were chosen as an example how the coverage could be
improved. The coordinates of these sites are shown in Table 2.
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Table 2. Five new sites as an example of the stefjdevelopment of the surveillance coverage
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On these sites (or not far from them) there is an existing infrastructure (at least road and/or
existing buildings), but these sites have to be considered as examples and not finally suggested
sites. Final site selections and coverage optimization should require deeper analysis, including
selection from more candidate sites and detailed site surveys of candidate locations.

Figure 18 shows the coverage of the 5km CAPPI level (5km above the sea level) including 5
proposed radar sites.

Figure 18: Surveillance coverage (CAPPI 5km) after extensiond by 5 new sites (purple pins)

Further improvement of the coverage could be obtained using the additional site in Coahuilla
(suggested by Ing. Armando Rodrigues from SMN). The coverage is shown on the Figure 19.
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Figure 19: Surveillance coverage (CAPPI 5km) after extension by 5+1 new sites

The existing sites are marked as small yellow pins; new sites are marked as purple pins
(Coahuila as a white pin). The improvement by adding of Coahuila site would be especially
important in the coverage of Rio Bravo basin for the quantitative precipitation estimations as
discussed further in the next chapter.

2.3.2 Quantitative precipitation estimation (QPE) ¢ overage

For the purpose of the quantitative rain estimates, detection and warning against smaller scale
phenomena as mesocyclones, heavy rain, hail, gust fronts, and eventually even microbursts and
tornadoes over the all territory of Mexico the existing CONAGUA weather radar network (13
radars) is unfortunately not dense enough. See Table 2.

Table 2. States with the lowest radar coverageherQPE (less than 50% of the state territory)
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All together almost the half of the Mexican territory is not covered by the existing CONAGUA
radar network for the purpose of quantitative rain estimates. Figure 20 displays the coverage of
existing sites provided all 13 systems are upgraded to standard parameters (1 deg. beamwidth -
see Chapter 3.1) and all 13 sites are operational.
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Figure 20 : QPE coverage of 13 existing sites & R ranges

After the extension of the network with 5 or 6 new sites to complete the long range coverage, the
situation for quantitative precipitation estimates would be improved significantly too, but many
uncovered areas would still exist. For example Californian peninsula would be covered very
poorly (See Figure 21).

From this picture it can be also deduced, that for the gap filling the medium range (and lower
cost) radars could be possibly used in the future. This has to be thoroughly considered at that
stage. It is expected that the prices of smaller range radars will be decreased over the time, but
even with 19 long range radars the network density would be still quite low — not having any
significant redundancy. Therefore it would be probably more desirable to install long radars in all
available sites providing good long range radar horizons. Smaller or medium range radars (with
the effective range (100-200km) can be used especially to fill the gaps in mountainous terrain or
to improve the low level coverage of important highly populated and/or sensitive areas.
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Figure 21: QPE coverage at 225 km ranges usingXi&iag radars and 6 new sites

To achieve an acceptable coverage of all Mexican territory for the purpose of the quantitave rain
estimates, detection and warning against smaller scale phenomena and flash floods the radar
network should have been extended with at least 8 to 12 additional new radar sites. The radar
network would then comprise of 25 to 30 sites.

Even the coverage for this purpose is far from optimum, the existing radars (at present at least
the half of them) are capable to provide useful quantitative information for their areas of
coverage.

If the users are aware about the limited coverage, the precipitation estimates could be very
useful. The simplest form how to distinguish the areas well covered and not covered is to use
the calculated coverage map as a transparent background for the radar images. The example is
shown on Figure 22. This image shows real data from Puerto Angel radar. Shaded areas are not
covered satisfactorily, or they are behind 225 km range. In a situation when a storm moves into
the shaded region and disappears, users can be aware that the storm can still exist, but cannot
be reliably detected by the radar anymore.

Recommendation (short/medium term)

Re-establish the real radar network by fixing technical problems on existing radars and/or by
replacing the most obsolete and unreliable systems.

Recommendation (medium/long term)

Complete the long range coverage by adding at least 5 new sites in Northern California or
Sonora, Chihuahua, Nuevo Leon, Zacatecas and Nayarit)

Recommendation (long term)
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Improve the coverage for the purpose of QPE, mesoscale storm detection and warning and flash
flood warnings. For the acceptable coverage the total amount of radars is estimated between 25
and 30.

Figure 22: Product display example using calculategerage as a transparent background.
2.4 Operation

Successful operation of weather radar networks strongly depends on the technology available
and the proper maintenance of the technology. On the other hand the availability of educated
and trained human resources on the user side is a must for the proper utilization of radar
capabilities.

2.4.1 Current status

Weather radars are advanced measuring instruments with high capabilities and many
applications of use. They can be used in short range wether forecasting and nowcasting,
hydrology, aviation, agriculture, military and also for the general public. For many reasons the
radar information is utilized only into some extent within SMN and other potential users.

From the scan strategies used it is clear that Mexican weather radar network was intended to
detect mainly large weather phenomena on long ranges. But the use of 480km range with
relatively small antennas of the old EEC radars cannot be considered appropriate.

Due to the hardware problems and insufficient capability of the used software, the old EEC
radars perform in many cases only non-Doppler PPI scans of reflectivity at fixed elevation angle.
The volume data and Doppler velocity information (as VAD products) are available only from
more advanced/modernized radars.
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2.4.2 Possible improvements

Time synchronization

At present the radars are not synchronized in time. The actual time is being adjusted manually at
the each radar workstation separately. Due to that the data are not acquired accurately in the
same time. This can be solved relatively very easily. It is necessary to set-up the time
synchronization on each radar control workstation to synchronize time over the network from a
time server. The time server has to be a computer accessible from all radar workstations via the
network. This computer can be synchronized to the accurate time using the external time source
as is for example GPS receiver, or a time server of higher level freely accessible on the Internet.
The software used for the time synchronization using NTP (Network Time Protocol) is a part of
the operating system Windows and Linux. The computer running the time server is most usually
any server running Linux operating system.

Recommendation (short term)
It is suggested to synchronize all radars in the network to the accurate time using the time server

Use of advanced products

The radars acquired and/or modernized during recent couple of years have capabilities to
produce also many other useful and advanced products for meteorology, hydrology, aviation and
the general public. The important prerequisites for advanced products are the full functionality
and the proper calibration of the radar.

Many meteorological services make strong effort also in the area of assimilation of weather
radar data (such as Doppler velocity and reflectivity) in Numerical Weather Preditction (NWP)
models.

Recommendation (medium/long term)
It is suggested to extend the use of the radar data in following applications:

- Storm cells detection, tracking and nowcasting, including the mesocyclones detection and
warning

- Quantitative estimation of rain totals based on evaluation for particular subcatchments with the
aim of flood prediction and warning and specifically flash flood warnings. Such product already
exists in IRIS and Rainbow packages. It needs to be configured and tuned.

- Assimilation of radar data for Numerical Weather Prediction Models

- To bring more radar information for general public (in a form of TV weather shows, Internet,
mobile phone applications, etc.)

- To provide useful radar data for airports close to the radar sites (e.g. EchoTops,, high
resolution reflectivity and velocity products, shear and warning products...)

Training of users

The advanced use of weather radars depends strongly on the availability of trained users,
meteorologists and hydrologists. These specialists should be able to properly analyze and
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evaluate weather radar data and products. It is highly desired that some of the users understand
scan settings and product parameters and are able to optimize them, analyze and compare
radar data with other data sources to achieve the best possible results.

Gaps between operationally scheduled scans on advanced (and properly calibrated) radars can
be used for the training of users and experiments and adjusting of scan and product settings.

Recommendation (short/medium term)
It is suggested to train all meteorologists who deal with radar data on radar meteorology basics.

Some of forecasters can be assigned to become radar meteorology specialists. These
specialists would need deeper theoretical training on radar meteorology and also practicing on
radar analysis software. Their participation on international research projects on radar
meteorology and international exchange of experiences is also highly desirable.

International exchange

The international cooperation in meteorology is widely used all over the world for many decades
as the weather phenomena do not recognize any political borders. The cooperation in the
weather radar data exchange is very useful. The coverage of radars situated close to the border
can have overlaps to neighboring countries. At the existing stage the CONAGUA weather radars
covers some areas of Guatemala (Mozotal and Sabancuy), Belize (Mozotal, Sabancuy and
Cancun), Cuba (Cancun). Mozotal radar covers also smaller areas of Salvador and Honduras at
distances of 300km or more. For the tropical cyclones tracking the Mexican radar data can be
useful for most countries of Central America due to their good coverage towards Gulf of Mexico
and Pacific Ocean.

The coverage of the basin of Rio Bravo and its tributes, particularly Rio Conchos is very
essential for both Mexico and USA. The important site in this case can be also the existing radar
in Palmito (Durango). But for the extensive mutually useful data exchange with USA the
additional sites covering the northern parts of Mexico would be needed (See Chapter 2.3
Coverage).

Recommendation (short/medium term)

Strengthen the international cooperation in the area of weather radar data exchange, including
the participation on international research and development projects on weather radars.

Operating of the network by an external company?

The option to operate the radar network by an external private company, whereas
CONAGUA/SMN would pay just for products - such approach is not very usual over the world,
as weather observing networks are usually not profitable businesses. The proper usage of the
radar data is capable to save lives and spare also huge costs of potential damages on
properties, but these are difficult to measure. Therefore weather observing networks are
operated mostly in a form of public service by governmental agencies.

On the other hand it could be very useful to establish a closer cooperation with other agencies
operating weather radars in Mexico (as is CEA Queretaro or University of Guadalajara) with the
aim to coordinate the operation of radars and establish the data exchange.
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3.  Weather radars in Mexico and around the world

This section provides a study comparing the advantages and disadvantages of the radars used
around the world and in Mexico. It tries to determine the radar technology for Mexican weather
radars for the following years to achieve the optimum functionality and operational quality
required at international level.

3.1 Technology
For modern long range operational weather radar systems there are some parameters that could
be considered as current standard. Such parameters are for example:
- remotely controlled operation and diagnostic
- antennas with pencil beamwidth of approximately 1 degree,
- scheduling of different scan types, including volume scanning capability,
- Doppler capabilities,
- Coaxial Magnetron or Klystron transmitters operating in C-band or S-band
- digital receivers with high sensitivity, low noise and automatic calibration,
- solid state modulators,
- powerful digital signal processors,

- sophisticated processing, display and analysis software providing many useful products
for meteorology, hydrology and aviation,

- reliable backup power,
- reliable high speed telecommunication links and others.

About the half of the CONAGUA radars currently meet these criteria (except of the reliable
backup power and telecommunication links).

The majority of modern long range systems around the world utilize coaxial magnetron
(coherent-on-receive) or Klystron based (fully coherent) transmitters operating in either C-band
or S-band. The Dual Polarization technology is used in most of brand new radars installed
during the recent few years and de-facto it is becoming standard for new systems around the
world.

Recommendation

Upgrade or replace radars that do not meet current technology and reliability standards. Detailed
examination of particular radars - see Chapter 1.

3.1.1 Operating frequency

C-band (5 cm wavelength) is most widely used around the world due of its favorable value for
money ratio. The S-band (10 cm wavelength) is preferred mainly in tropical regions and areas
with the frequent occurrence of heavy rain phenomena due to the much lower (and practically)
negligible signal attenuation in heavy rain in comparison with shorter wavelengths. Main
disadvantages of S-band radar are their higher costs due to the need of larger antennas, more
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troubles with the ground clutter contamination and lower capability to detect weather targets
consisting of small particles.

The main disadvantage of C-band radars (the signal attenuation in heavy rain) can be nowadays
partially compensated using the dual polarization technology. The differential phase shift PhiDP
and the specific differential phase shift KDP are good estimators of rain rate and are not affected
by attenuation.

Mexican weather radar network uses only C-band systems, even for the areas with frequent
heavy rain events. Currently there is only one system (Mozotal), capable to correct the
underestimation of rain rate due to the heavy rain (using dual polarization algorithms).

Recommendation

For new systems in regions affected by tropical thunderstorms consider either the use of S-band
technology or Dual Polarization C-band systems

3.1.2 Transmitter technology

The most used transmitter technologies for long range / high power weather radar transmitters
are coaxial Magnetrons (“Coherent-on-receive” radars) and Klystron tubes (“Fully coherent”
radars). Low power transmitters based on TWT (Travelling Wave Tubes) or SSA (Solid State
Amplifier) technologies are used for lower cost systems with shorter effective range. They are
also fully coherent. Fully coherent radars have advantages of much cleaner radiation spectra
and better clutter suppression capabilities. They allow also using the pulse compression
technology which brings a good spatial resolution at long pulse widths. Due to that the use of
lower power / lower cost transmitters is possible. One of such example is Queretaro radar using
8kW peak power TWT transmitter.

Magnetron and Klystron transmitters use high peak power (hundreds of kilowatts up to 1
megawatt in S band systems) whereas TWT and SSA transmitters use only hundreds of watts
up to several kilowatts of peak power, but longer and coded pulses. Nowadays CONAGUA radar
network uses Magnetron systems only with nominal peak power of 250 kW.

Recommendation

For new radars in mountain regions consider the use of TWT radars width pulse compression
technology or even Klystron technology radars.

3.1.3 Dual Polarization technology

Dual polarization technology is being more and more used in operational weather radars around
the world. In 2009 there were 31 Dual Polarization Doppler radars in the EUMETNET OPERA
network (of 162 Doppler radars and of 194 weather radars in total). See Figure 23. The
complete U.S. National Weather Service's NEXRAD network is currently being upgraded to dual
polarization technology. The upgrade of more than 171 systems has to be completed in 2012.

The most important advantages of dual polarization (known also as polarimetric) radars are their
capability to distinguish between different types of hydrometeors and provide more precise
guantitative rain estimations. They allow also a better identification and filtering of non-
meteorological targets and artifacts (as are migrating birds, insects and anomalous propagation).
The other useful applications of polarimetric radars are the better hail detection and also the
identification of aircraft icing conditions.
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Dual polarization algorithms for operational use are in a constant development. Therefore we
can expect further improvement of dual polarization enhanced products in near future.

Recommendation

Together with the replacement of Ericsson antennas perform the dual polarization upgrade of
these systems. For new radars the dual polarization capability is highly recommended.

3.1.4 Technologies for next decades

Phased array antennas

The most promising improvement in weather radars are probably the systems using the rapid
electronic scanning antennas instead of mechanically rotating antennas. These antennas using
the phase array technology could enable the reliable detection of rapidly developing hazardous
phenomena as tornadoes and boundary layer wind shears. They have a potential to improve the
radar data quality by more precise monitoring of the structure and storm development. This
technology is not used for weather application so far due to its current price level, which is still
too high in comparison with classic weather radars.

Network of smaller radars

One of the possible scenarios of future weather radar networks is a dense network of smaller
and less expensive short range systems. Such network of radars installed on cellular phone
masts and similar locations could cover the lower troposphere from the ground up to the 3 km
altitude with very high spatial and time resolution. Due to the extreme high number of systems
needed for such a radar network, these small radars have to cover mainly highly populated
areas, areas sensitive to flash floods, mountain valleys and other areas where the detection of
low-level weather phenomena is critical.

Multi-mission systems

The further step of the use of phased array systems for the future is their use for weather
applications and aircraft surveillance simultaneously. NSSL in USA evaluates such an ambitious
plan to replace several existing single-function conventional radar networks (weather, air-traffic
and military network) by one Multi-Mission network of Phased Array long range radars (MPAR
project). The plan calculates with approximately 350 MPAR radars across the U.S. territory. The
recent findings show that such density will not be satisfactory for the complete low-level and
regional coverage. The implementation phase of the U.S. MPAR project most probably will not
start before year 2020.

Recommendation

To be in a contact with the aircraft surveillance and defense authorities for the possible future
joint project on MPAR systems. To monitor the development in this area in U.S. and other
countries during following years

3.2 Network density

The density of Mexican weather radar network can hardly compare with the density of network of
highly developed countries and even with some developing countries. For example Thailand
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Meteorological Department operates a network consisting of 16 radars whilst the area of
Thailand is approximately 500 000 square kilometers.

European weather radar network (EUMETNET OPERA, Figure 23) covering the area of roughly
5 million square kilometres consists of almost 200 weather radars. Due to this fact the density of
weather radars in Europe is 6 times higher than in Mexico. The density of weather radars in USA
is also substantially higher. If we take into account only NEXRAD NWS network of 171 radars?
(Figure 24) we get that the CONAGUA network is less dense by factor of 3.

The JMA Radar Observation Network of Japan consists of 20 C-band radars. See Figure 25.

Figure 23: EUMETNET OPERA Radar Network

Legend:

Frequency band coding: Type of radar coding:

C-band = green Dual polarization radar = red center
S-band = blue Doppler radar = yellow center
X-band = cyan

2 In USA there are approximately 50 Terminal Doppézather Radars (TDWR) deployed at the importapioais
and many other weather radars operated by locatabns, universities and other institutions
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Figure 24: US NWS Radar Network (NEXRAD) consistingiore than 170 sites (Source:
http://www.srh.noaa.gov/radgr/

Figure 25: Japanese Radar Observation Network sis (Source:
http://www.jma.go.jp/jma/en/Activities/observatidrisl)
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The extreme example is probably Korea. Korean Meteorological Administration operates 11
Doppler radars (+7 radars are operated by other institutions) covering the land territory of
approximately 100 000 square kilometers as well as the adjacent sea areas. This is probably
one of the most dense radar networks over the world. It is more than 20 times denser than the
CONAGUA network.

Amongst Latin-American countries Venezuela disposes with nine S-band Klystron systems. With
the less than half of Mexican territory the density of Venezuelan network is roughly 1.5 times
bigger.

Recommendation

Complete the coverage of the Mexican network in two phases — first for long range surveillance
and the tropical storm detection (~18 long range radars needed alltogether). The second phase
in a long term would have to complete the coverage to enable the quantitative precipitation
estimates and mesoscale weather systems detection and warning (25-30 radars needed for
good coverage for these purposes)

As the network density is currently low, it is advised to use long range radars with 1 degree
antenna beamwidth and high peak power for the new sites and upgrades of the old systems.
The exception could be the radars for special purpose as is the quality coverage of the Mexico
City area. That purpose could be achieved by using of two lower cost short/medium range
systems. Use of medium range radars for filling the remaining gaps in the coverage within
second phase will have to be considered.

3.3 Weather Radar Manufacturers

Currently there are several competitive manufacturers on the market who are able to deliver
state-of-the-art weather radar systems utilizing the recommended technologies. Here is the list
of such manufacturers known (in alphabetical order):

Baron Services Inc. (USA)

Beijing Metstar Radar Co. Ltd. (China)

Enterprise Electronic Corporporation (USA)

Gamic, GmbH (Germany)?

RadTec Engineering Inc. (USA)

Selex Sistemi Integrati GmbH./Gematronik (Germany)
Telvent Netherlands BV*

Vaisala /Sigmet (Finland/USA)

Weather Decision Systems Inc. (USA)

These manufacturers are generally able to deliver either brand new systems and/or perform the
modernization/upgrade of older systems upon request.

% Supplier of signal processors and software foeotadar manufacturers
* Mostly system integrator of units from other radwmnufacturers
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Annex 1 — Terms of Reference

Proyecto de
Fortalecimiento del Manejo Integrado
del Agua en México

(PREMIA)
TERMINOS DE REFERENCIA

MODERNIZACION DEL SERVICIO METEOROLOGICO NACIONAL -
FORTALECIMIENTO Y DESARROLLO ESTRATEGICO DE LA RED NACIONAL DE
RADARES METEOROLOGICOS

E I"#  $%
"E & (
#) E

1. INTRODUCCION

En el marco de la modernizacién del Servicio Meteoroldgico Nacional (SMN) y de las acciones
realizadas a fines de 2009 y principios de 2010 para la preparacién de un plan estratégico de
desarrollo del SMN, y particularmente en consideracion de la importancia de la Red de Radares
Meteoroldgicos, se plantea la realizacion de un diagnéstico de la situacion actual de lared y el
establecimiento de una estrategia a corto, mediano y largo plazo para su desarrollo.

La Red de Radares Meteoroldgicos operados por la CONAGUA esta formada por 13 radares.
Fodos ellos de banda C con capacidad Doppler. Su origen fue la instalacion de cinco radares
meteorologicos analégicos Enterprise Electronics Corporation (EEC) en la década de los
1970’s. Posteriormente en la década de los 1990°s se digitalizaron (y en algunos casos
reubicaron) estos cinco radares y se adquirieron siete mas de marca Ericsson. Posteriormente
dos de estos radares Ericsson fueron retro-equipados con controladores RADSYS 3000 de
EEC. En 2007 los cinco radares Ericsson remanentes fueron actualizados con
procesadores/controladores SIGMET/Vaisala. En 2009 uno de los radares hibridos Ericsson-
EEC y uno de los radares EEC puros fueron también actualizados con procesadores
SIGMET/Vaisala. En 2007-2008 se adquirié un radar Gematronik (inico con doble polarizacion
en México).

Existen otros radares meteoroldgicos en México que no son operados por la CONAGUA: uno
(no operativo en este momento) de la CEA-Querétaro cerca de la ciudad de Querétaro, uno (no
operante en este momento) de la comparfia AHMSA (marca EEC reconstruido) en el aeropuerto
de Monclova, uno mas en proceso de instalacion en puesta en marcha en Guadalajara (marca
EEC).
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Asi pues en este momento la red de radares operada por CONAGUA tiene las siguientes
unidades (en orden de litoral Pacifico, litoral Atlantico e interior):

1) Los Cabos, BCS, (EEC puro con controlador RADSYS  3000)

2) Ciudad Obreg6n, Sonora, (Ericsson actualizado con SIGMET)

3) Guasave, Sinaloa (EEC puro con controlador RADSY S 3000)

4) Cuyutlan, Colima (Ericsson actualizado con SIGMET)

5) Acapulco, Guerrero (EEC puro con controlador RAD  SYS 3000)

6) Puerto Angel, Oaxaca (Ericsson actualizado con SIGMET)

7) Cerro del Mozotal, Chiapas (Gematronik puro)

8) Altamira (antes Tampico), Tamaulipas (EEC actualizado con SIGMET)

9) Alvarado, Veracruz (Ericsson actualizado con SIGMET)

10) Sabancuy, Campeche (hibrido Ericsson-EEC con co  ntrolador RADSYS 3000)
11) Cancun, Quinatna Roo (hibrido Ericsson-EEC actualizado con SIGMET)
12) El Palmito, Durango (EEC puro con controlador R ADSYS 3000)

13) Cerro de la Catedral, Estado de México (Ericsson actualizado con SIGMET)

Los radares resaltados en negrilla son los mas antiguos y de mayor interés inmediato para la
CONAGUA, por lo que se espera que sean objetivamente diagnosticados.

Todas las estaciones de radar cuentan con periféricos adicionales como un sistema
ininterrumpible y de generacién de energia eléctrica, un sistema de proteccién contra incendios,
un sistema de acondicionamiento de temperatura del aire, un sistema de tierra fisica y
pararrayos, un sistema de alumbrado de las instalaciones, un sistema de despliegue local de
las mediciones y un sistema de comunicaciones con el centro colector de datos que se
encuentra ubicado en las instalaciones del Servicio Meteoroldgico Nacional en la Ciudad de
México- En las unidades (1), (3), (5), (8) y (12), sobreviven como operativos algunos
componentes de la mencionada década de los 1970"s. Con excepcion de la unidad (7) que es
practicamente nueva, ninguno de los otros 12 radares ha estado sujeto en forma continua a un
programa de mantenimiento regular a lo largo de su vida.

Bajo las condiciones de edad de algunos componentes, diversidad de tecnologias y baja
disponibilidad operativa actual de las unidades, es de interés para la CONAGUA contar con una
opinion experta objetiva y no asociada a ninguna marca o tecnologia en particular, sobre la
capacidad operativa de sus radares y la conveniencia econémica de seguir reparandolos para
alargar su operacion o alternativamente planear su substitucion completa, parcial o inclusive
arrendamiento/concesion de su operacién, ésta opinion en el contexto de las experiencias
mundiales al respecto.

Para 2010 se ha planteado y presupuestado la actualizacion de las unidades en Gusave y
Acapulco, asi como iniciar la adquisicién (o equivalente) de dos radares mas, tentativamente
Los Cabos y Sabancuy, todo esto sujeto al resultado de la consultoria a la que se refiere este
documento.

2. OBJETIVO

El objetivo general de la consultoria consiste en realizar un diagnéstico del estado actual de la
red de radares del SMN y proponer estrategias para su operacion y desarrollo a corto, mediano
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y largo plazo, tomando en consideracion necesidades y requerimientos para su operacion,
mantenimiento y modernizacion. En particular, en esta etapa, se plantea un especial interés en
el diagndstico y perspectivas operacionales de las unidades en Los Cabos, Guasave, Acapulco,
Sabancuy y El Palmito.

3. ACTIVIDADES ESPECIFICAS

En ese contexto, bajo la direccién y supervision de la Coordinacion General del Servicio
Meteorolégico Nacional (CGSMN) de la CONAGUA; asi como en estrecha relacion con la
Organizacion Meteoroldgica Mundial y su Oficina de Proyectos en México, el consultor realizara
las actividades especificas siguientes:

1/. Realizar la recopilacién de informacion necesaria, a través de entrevistas y revision
documental, de tal manera que se esté en posibilidad de establecer un diagndstico de su
situacién actual y contar con los elementos necesarios para definir la estrategia para su
modernizacion.

El personal del SMN proporcionara al inicio de la misién del consultor informacién vy
documentacion pertinente en términos de: (a) Objetivos y alcances de la red de radares;
informacién, productos requeridos/esperados, etc.; (b) Informacién de las condiciones y
operacién de los radares: ubicacién/coordenadas; datos técnicos (fabricante, afio de
produccién, modos de operacion, productos generados); confiabilidad, disponibilidad de
refacciones, problematica; usuarios de la informacién y productos; telecomunicaciones;
capacidades de procesamiento central, etc.

Seré necesario realizar la visita a cinco sitios que mas adelante se especifican. En el caso en
que el consultor requiera informacion directa de otros sitios representativos, se podria visitar
la unidad en el Cerro de la Catedral (por su cercania a la Ciudad de México), representativa
de los radares Ericsson que han sido actualizados con procesadores/controladores SIGMET
y la unidad en Altamira por ser representativa de las unidades originalmente EEC que ha
sido actualizada con procesador/controlador SIGMET.

Los sitios propuestos a ser visitados (y detalladamente diagnosticados) son:

1) Los Cabos, BCS (aterrizando en su aeropuerto local)

2) Guasave, Sinaloa (aterrizando en los aeropuertos de Los Mochis o Culiacan)
3) Acapulco, Guerrero (aterrizando en su aeropuerto local)

4) Palmito, Durango (aterrizando en el aeropuerto de la region de La Laguna)

5) Sabancuy, Campeche (aterrizando en los aeropuertos de Ciudad del Carmen o de
Campeche)

Los Cabos y Acapulco pueden ser visitados en un dia (sin considerar el tiempo necesario
para realizar las pruebas y diagnéstico). Para Guasave, y Sabancuy se requieren al menos
dos dias (sin considerar el tiempo necesario para realizar las pruebas y diagnéstico). Para El
Palmito se requiere un minimo de tres dias.

Personal del SMN a nivel central acompafiara al consultor en las diferentes visitas que sea
necesario realizar. El transporte carretero necesario para las visitas (2), (4) y (5) sera
provisto por personal y vehiculos de los Organismos de Cuenca o Direcciones Locales
correspondientes de la propia CONAGUA.

El consultor debera llevar consigo el equipo de prueba y diagnéstico que requiera o,
previamente a su llegada a México, pactar con el Jefe del Proyecto de la Red de Radares de
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la CGSMN lo que se requiera. Este equipo debe incluir equipo de documentacion fotografica
o videografica.

El consultor debera poder comunicarse con el personal del SMN en idioma espafiol o, en su
defecto, en inglés. Ningun otro idioma es aceptable para esta consultoria. Si resultara
necesario, el consultor se hara acompafiar por un traductor pertinente.

El consultor debera estar consciente de que las temperaturas ambiente a las que estara
sujeto en muchas de las visitas seran superiores a los 35°C.

2/. Elaborar un documento en el que se diagnostique el estado operacional de cada uno de
los radares visitados, sus perspectivas de operacién en los siguientes 10 afios, los
componentes que deben ser reparados, reconstruidos o substituidos, el costo estimado de
ello, el mantenimiento preventivo que requiere (incluyendo periodicidad) e inclusive una
opinién sobre el posible interés que empresas privadas o instituciones académicas pudieran
tener en operarlos bajo contrato. Los diagndsticos deben ser tan objetivos (con pruebas de
cada componente) como el estado operativo actual de cada unidad lo permita. El diagndstico
no debe limitarse al sistema radar en si, sino incluir las condiciones de la edificacion, de la
torre, del radomo y de todos los sistemas periféricos descritos en la Introduccion.

Los diagndsticos de cada uno de los cinco radares deben ser preparados y entregados de
manera individual. También por separado debe generarse un documento que trate de la red
completa en general, la que inclusive puede incluir perspectivas de ampliacion como de otros
radares no operados por la CONAGUA.

De acuerdo a las dimensiones de México 2 millones de km2 se analizara la conveniencia de
complementar los radares de la red actual que tienen alcances de hasta unos 450 km en
vigilancia y unos 225 km en estimacién cuantitativa de lluvias, con radares menos potentes
gue sirvan para cubrir los huecos percibidos entre los actuales.

Evaluar la necesidad de contar por lo menos con dos radares moviles para monitoreo de
eventos extremos en caso de huracanes, tormentas tropicales y frentes frios, para realizar
coberturas substituto en los casos en que los radares fijos que tengan problemas en su
operacion o complemento para un mejor monitoreo de un evento meteoroldgico segun sea el
caso.

En su caso podria también visitarse alguno de los radares de Querétaro, Guadalajara y
Monclova-Frontera que no pertenecen y no son operados por la CONAGUA, para lo cual la
CONAGUA pactara con los respectivos propietarios/operadores.

3/. Realizar la integracion y preparacién de un plan de desarrollo de la red de radares. En
términos generales, y en consideracion de los diferentes objetivos que sean planteados, se
debera tomar en cuenta las necesidades y requerimientos para la operacién de la red, su
mantenimiento y modernizacion (incluyendo el reemplazo de equipos cuando resulte
necesario); incluyendo informacion detallada sobre especificaciones técnicas, requerimientos
sobre refacciones, capacitacion y entrenamiento de personal, redes de telecomunicaciones y
software, asi como software especializado para interpretaciones de imagenes. La estimacion
de los costos asociados debera también ser incluida en la propuesta, y debera contener el
nivel de detalle necesario con informacién clara y precisa de los montos requeridos en las
inversiones que sean identificadas, a corto, largo y mediano plazo.

3. PRODUCTOS A ENTREGAR

El consultor debera preparar los productos que se detallan a continuacion, de conformidad con
los lineamientos y formato de la OMM (una guia para la preparacion y plantillas seran

OMM/PREMIA DRAFT: Strengthening and Strategic Depeient of the National Network of Weather Radars or 8rmiska



53

entregadas al consultor en su oportunidad), y entregarse a la OMM y a la CNA, tanto en forma
impresa como en formato magnético:

(1) Un informe con el plan de desarrollo para la red de radares meteorolégicos. El documento
debera prepararse y entregarse de conformidad con el contenido acordado y cubriendo los
temas antes expuestos, asi como cualquier otro a consideracion del consultor.

En conclusién, se espera que el informe del consultor contribuya a que el SMN logre operar
con los recursos existentes y nos ayude a hacer mas eficiente los recursos tecnolégicos de los
gque disponemos actualmente.

(2) Informes individuales de diagnéstico de los cinco radares y de la red en general. En cada
documento se debe diagnosticar el estado operacional de cada uno de los radares visitados,
sus perspectivas de operacién en los siguientes 10 afios, los componentes que deben ser
reparados, reconstruidos o substituidos, el costo estimado de ello, el mantenimiento preventivo
que requiere (incluyendo periodicidad) e inclusive una opinién sobre el posible interés que
empresas privadas o instituciones académicas pudieran tener en operarlos bajo contrato. Los
diagnésticos deben ser tan objetivos (con pruebas de cada componente) como el estado
operativo actual de cada unidad lo permita. El diagnostico no debe limitarse al sistema radar
en si, sino incluir las condiciones de la edificacién, de la torre, del radomo y de todos los
sistemas periféricos descritos en la Introduccion.

El informe debera incluir la opinién técnica sobre la viabilidad de seguir operando los radares,
asi como sefialar los requisitos requeridos para que los radares sigan operando en caso de
gue se confirme que si son rentables (especificando si es factible conseguir las piezas en el
mercado que faciliten su pronta reparacién; sefialando el plan de mantenimiento que se
deberia dar a la red de radares o los radares que podrian requerir un plan de mantenimiento
especifico por su ubicacién).

El consultor debera presentar los resultados principales obtenidos del equipo de prueba y
diagnéstico aplicado a la red de radares instalada en México, incluyendo documentacion
fotografica o videogréfica.

(3) Presentar un estudio de mercado en el que se comparen las ventajas y desventajas de los
radares que se utilizan en las principales ciudades del mundo (sefalando las marcas de los
radares; su tiempo de vida y su utilidad, a efecto de que se comparen con la red de radares
mexicanos y los radares de las principales ciudades del mundo y se determine si la red
mexicana es competitiva con el mundo; o si ésta no sirve, que se nos recomiende el tipo de
radares y de tecnologia que deberia adquirirse para que los radares en México funcionen de
manera éptima y sean considerados eventualmente Utiles y con la calidad de operacion que se
requiere a nivel internacional.

(4) Una presentacion ejecutiva con el resumen de las actividades realizadas y los principales
logros obtenidos.

(5) Un archivo fotografico de la consultoria, en el que se incluya una bitdcora y descripcién de
las imagenes que basicamente seran obtenidas durante el desarrollo de los trabajos de
campo.

4. CONFIDENCIALIDAD Y PROPIEDAD DE LOS TRABAJOS

Toda la informacién recopilada y generada, asi como los resultados obtenidos y productos
adquiridos en y para la presente consultoria son propiedad de la CNA y seran entregados a ella.
El consultor no podra usar, divulgar, comercializar o editar parcial o totalmente dicha
informacién sin previa autorizacion de la OMM y la CNA. Todo ello, estrictamente en el marco
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de la normatividad de la OMM y de las leyes mexicanas, y en particular de la Ley de Acceso a la
Informacion Publica Gubernamental y del Instituto Federal de Acceso a la Informacion (IFAI).

5. DURACION Y PERIODO DE LA CONSULTORIA

La consultoria tendra una duracion de TREINTA (30) dias, efectivos durante el periodo del 27
de junio al 31 de julio de 2010, y a ser desarrollados de la siguiente manera:

(a) Trabajo en México: 21 dias incluyendo viaje (del 27 de junio al 18 de julio)

El consultor realizara 5 viajes nacionales, de acuerdo con los requerimientos para el desarrollo
de sus actividades. Los viajes se realizaran a los lugares en donde se encuentran ubicados los
radares: Los Cabos, BCS; Guasave, SIN.; Acapulco, GRO.; Sabancuy, CAMP.; y El Palmito,
DGO.

(b) Trabajo en el lugar de origen 9 dias

El trabajo se realizara para el andlisis de la informacion recopilada y adicional que sea
proporcionada por la CONAGUA para la preparacion de los informes finales. El personal de la
CONAGUA apoyara en la preparacion de los materiales de apoyo correspondientes (ejemplos
de productos, mapas, ejemplos de archivos de datos, etc.), mismos que deberan ser
aprobados por el consultor, a fin de ser incluidos dentro del informe correspondiente.
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Annex 2 — Photo documentation from the mission

Cuerpo del anexo (anexo 2)
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