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Executive Summary 

The Comision Nacional del Agua and the World Bank have embarked on a program for 
adaptation of the water sector to climate change.  MoMet (Modernización del Servicio 
Meteorológico Nacional) is one item in that program.  Four components of the 
modernization:Strengthening Institutional Capacity and Client Communications, Modernizing 
Observation Infrastructure, Improving Meteorological Forecasts and Develop Regional Capacity, 
are being proposed to be funded by a loan from the World Bank over the period 2012 to 2017.  
This document outlines the plans for the implementation of two of those:  

o Modernizing Observation Infrastructure, and  
o Develop Regional Capacity. 

 

The plans presented here are based on a background from previous diagnostic and analysis 
reports and follow the structure of a MoMet / World Bank budget spreadsheet (Annex 1) with the 
planning details from SMN staff in meetings and documents.   

The plans for component 2 will see the installation of 2 replacement radars and 3 new radars, 
367 new automatic stations, and upgrades to 3 satellite receivers, 16 radio-sonde stations, and 
the telecommunications network.  Calibration systems will be put in place for the surface stations 
and the weather radars.  A lightning detection network will be added, new applications derived 
from satellite images, and new technologies tested.  Long range plans will be prepared for the 
radar network, the network of the surface observation stations, and the network of radio-sondes 
stations.   

The plans for component 4 will see the creation of regional forecast centers with the 
establishment of five of the eight and putting pilot projects into four of those that will establish 
operational forecast and warning systems for weather conditions that threaten their areas.  Each 
pilot project will be equipped with computers, telecommunications, field equipment, and 
automatic stations and be staffed with 6 persons for the 6 years of the project.  215 automatic 
stations will be installed for the pilot projects. 

Many of the activities of component 2 require detailed planning and review prior to the 
acquisition of equipment.  Two items, an instrument calibration function and hydrogen 
generators, that were listed as priority requirements in previous reports but left off the MoMet 
budget, have been included in these plans.  

The planning for the regional centers of component 4 all flow from its first activity to produce a 
general plan for which there was insufficient information to generate a credible plan.  Detailed 
plans were prepared for the three of the pilot projects for which sufficient information was 
available. 
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1. Mission Objective 

The objective of the mission is to provide input to the Project Implementation Plan for MoMet 
(Modernización del Servicio Meteorológico Nacional de México) for two of the four components.  
The two components are Component II – Modernizing the Observation Infrastructure and 
Component IV – Develop regional Capacity.  The Project Implementation Plan provides a 
description of the components, subcomponents, activities, and tasks. 

2. Introduction 

Mexico is a country beset with water problems, from the northern deserts to the southern rain 
forests, from long droughts to flash floods.  CONAGUA, the nation’s water and weather agency, 
and the World Bank are concerned about the impact of climate change.  They have embarked 
on a Strategic Engagement Plan “World Bank Support for Mainstreaming Adaptation to Climate 
Change in the Water Sector”.  It has 5 priority areas; 

• Support CONAGUA’s efforts towards the creation of a long-term planning vision for the 
sector, 

• Strengthen the financial system in the water sector, 
• Improve water resources management and adaptation to climate change at the basin 

level, 
• Support the national program for the modernization of the National Meteorological 

Service, and 
• Mainstream adaptation to climate change in the water sector. 

 

MoMet is the item 4 of that list.  During 2011 the staff and managers of CONAGUA and two of its 
branches, SMN (meteorology) and GASIR (surface water), and consultants from the World 
Meteorological Organization (WMO) analyzed numerous aspects of the meteorological and 
water programs of CONAGUA and produced a number of reports which lead to a Proposal 
Appraisal Document that summarized the conditions within the SMN and proposing 
modernizations through four components: 

• I  Strengthening Institutional Capacity and Client Communications 
• II  Modernizing Observation Infrastructure 
• III Improving Meteorological Forecasts 
• IV Develop Regional Capacity. 

 

Following the Proposal Appraisal Document, a budgeting spreadsheet had been prepared 
breaking the components down into sub-components and activities that were costed-out across 
the six years of the project from 2012 to 2017.  The spreadsheets for components 2 and 4 are in 
Annex 1 and outline the structure of the implementation plan. 

The objective of this mission is preparation of the input documents for the Project 
Implementation Plan for 2 of the 4 components; 

• II  Modernizing Observation Infrastructure 
• IV Develop Regional Capacity. 

 
The detailed plans for the activities of the components and subcomponents are in two Annexes.  
Annex 2 for component 2 and Annex 7 for component 4. 
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3.1  Context 

To be able to put the components 2 and 4 into context all four components are outlined here. 

Component 1 – Strengthening Institutional Capacity and Client Communications 
The first component is concerned with institutional issues.  A critical activity will be a review and 
diagnostic of the meteorological service leading to a re-engineering of processes and change 
management.  This component will develop a training and document center and provide a wide 
range of training including scholarships and technology development programs at universities.  
A mechanism will be put in place for obtaining input from users.  The management of the MoMet 
project will be covered by component 1. 

Component 2 - Modernizing Observation Infrastructure 
Component 2 will see the upgrading of the weather observing networks by the installation of new 
weather radars and automated weather and streamflow stations with sensors and data 
telemetry, and improvements to the radio-sonde system and the weather satellite imagery 
receiving equipment and applications.  To handle all the new telecommunications, the various 
telecommunication networks will be upgraded. 

Component 3 - Improving Meteorological Forecasts 
This component is mainly concerned with the implementation of better weather forecast models 
and related tools such as precipitation estimates, and a radar mosaic.  Climate activities will be 
strengthened with climate forecasts and the establishment of a Climate Centre to provide climate 
characterizations.  To run these, the component provides new computers and information 
systems.  The objective is to provide finer scale forecasts in a more timely manner to the point of 
nowcasting of thunderstorm precipitation amounts. 

Component 4 - Develop Regional Capacity 
The provision of weather and forecasting services is decentralized with this component 
establishing regional centers.  The activities start with the development of a framework for the 
creation of regional centers, which leads to the implementation of five of the 8 planned regional 
centers with MoMet providing the tools and the personal that will develop the systems.  
CONAGUA currently operates regionally through 13 offices with divisions based on watersheds.  
These Organismos de Cuencas will provide the operational personnel and support for the 
regional centers.  Four of the regional centers will develop and implement pilot projects that 
incorporate the enhancements of the other components into operational systems to provide 
forecasting and warning systems that will reduce damage and injuries. 

3.2 Methodology 

The mission was accomplished by working from background documents that were provided, 
meetings with SMN and GASIR staff, Internet research, and personal knowledge from previous 
missions.  The background materials provided included the Proposal Appraisal Document and 
the budget spreadsheet of activities and costs by years, and a number of supporting documents 
that had been prepared in 2011.  Dr. Michel Rosengaus provided guidance and comments.  The 
meetings with SMN and GASIR are listed in the day-to-day activity report in Annex 8.  This 
consultant had not been part of the MoMet preparatory work done in 2011 but had familiarity 
with CONAGUA from several missions from 1998 to 2003 modernizing the surface water 
network under the PROMMA project.   
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The plans were developed to follow the budgeting spreadsheet breaking each activity into tasks 
to be accomplished by in-house activities, consulting studies, or procurement of goods and 
associated services.  Each task, labeled as a ‘Phase’ or ‘Part’, is intended to be implemented as 
a unit defined under a single Terms of Reference.  “Phases” occur in sequence.  “Parts” may or 
may not be concurrent.  In many cases, the tasks are linked such that the output of one task 
determines the details of the subsequent task.  Except in a very few cases where the exception 
is expressly noted, the cost estimates of the activities are as was given in the budgeting 
spreadsheet.  It is expected that the cost estimates will be revised as the project proceeds with 
under and over budget amounts being consolidated and reallocated.  For some activities there 
was insufficient information available to create a credible task list.  The implementation plans for 
the activities are attached in annexes 2 and 7. 

3. Component 2 - Modernizing Observation Infrastructure 

The observation infrastructure was thoroughly analyzed in a MoMet report “Componente 2”1.  
The document reviewed the status of the observation networks for the synoptic weather stations, 
the existing automatic stations, the climatic stations of various agencies, the weather radars, 
satellite imagery stations, the upper-air radio-sonde system, and the supporting human 
resources and telecommunication systems. 

3.3 Subcomponent 2.1 Rehabilitation and Expansion of the Weather Radar Network 

Background 
Weather radars provide imagery of precipitation extent and intensity that can be used in real-
time for warnings of rain events and the floods that can result from them.  The images can also 
be stored and manipulated digitally to provide direct or indirect input to other processes such 
monitoring droughts and storm patterns.  However, the existing network of 13 weather radars 
used by SMN do not cover all areas of Mexico and have older technologies.  Calibration is 
required to be able to quantify the precipitation amount.  Subcomponent 2.1 addresses these 
issues. 

The meteorological radars are perhaps the most effective technology for the detection of 
precipitation and mapping its location, movement, and intensity.  It is a critical tool in the 
detection, and prognosis of severe storms.  The Doppler radars can see the advance of a cold 
front, even when it is not generating any precipitation.  Additionally, it can detect winds in clear 
air.  Radars provide a continuous stream of images in real-time, typically as snapshots every 10 
minutes. 

The weather radar network has been developed over several decades leading to the current 
situation of having a mixture of several different makes and models in various states of repair.  
The SMN radar group consists of only three persons responsible for their operation and 
maintenance, a number well below that typically used. 

In addition to the radar network of the SMN there are two radars in the river basin of the Lerma 
Santiago, which is located between Cuyutlan and C. Catedral on the above map.  There are 
others in the city of Querétaro and in the city of Guadalajara.   

                                                 
1  MoMet "Componente 2"  for Servicio Meteorológico Nacional de México, Comisión Nacional del Agua, Banco 
Mundial  dated January 2012 
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In 2010 SMN conducted a study2 through the OMM of the radar network that recommended the 
replacement of the radars located in the Palmito, Guasave and Acapulco and the installation of a 
new radar in the City of Mexico. 

Continuing into 2012, COMAGUA is in discussions with an infrastructure program of the Mexican 
government for the operation of the radar network to be the funded by Fondo Nacional de 
Infraestructura (FONADIN) in a multi-year (18) contract. 

 
Figure 1.  SMN radars (taken from SMN website). 

MoMet Plan 

Activity Budget (US $ millions) 
2.1.1 Produce a plan for the development and use of the radar 

network 
0.24 

2.1.2 Calibrate the radars to provide precipitation intensity 3.25 
2.1.3 Provide 5 new radars 15.00 
 

The implementation plans for these activities are in Annex 2. 

Discussion 
The development of the plan identified the problems with the existing radar network that the 
implementation plan doesn’t adequately address.   

The existing radars had been focused on the tracking of cyclones and hurricanes approaching 
the coast and therefore the existing radars are not well positioned to provide coverage of storm 
events in the interior.  The mountainous interior itself presents significant problems in monitoring 
interior events.  The five new radars will provide a slight improvement of the interior coverage.  
The development plan of activity 2.1.1 may identify solutions to this problem but MoMet will be 
unlikely to have the resources available to implement those solutions. 

                                                 
2 Strmiska, Igor, Strengthening and Strategic Development of the National Network of Weather Radars. World 
Meteorological Organization. Agosto 2010. 
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The radar unit of SMN, with only three persons, is severely understaffed and inadequately 
resourced to operate and maintain the radars.  Replacing the two worst radars with new ones 
will improve the situation somewhat but increasing the size of the network will worsen it again.  
The operators spoke of administrative and budgetary procedures that restricted their ability to 
travel to sites and to purchase spare parts in a timely fashion.  These problems would be solved 
if the operation of the radar network were placed with the FONADIN program under a long-term 
contract.  In this case, the three persons would remain fully utilized in the supervision of the 
contract and monitoring of the radars’ performance.  If the radar network does not come under 
the FONADIN program, additional resources will need to be found to properly resource the 
operation and maintenance of the radars with additional personnel and an administrative and 
budgetary process to finance field operations and infrequent but expensive replacement parts.  
The radar group will likely be unable to provide adequate contract supervision for the 
procurement of the five new radars. 

One of problems that had been identified with the existing radar network was the mix of 
technologies from different manufacturers.  By spreading the purchase of five new radars over 4 
years 2012 to 2017 with at least two procurements, this problem will continue.  This consultant 
was informed that there were instructions from government administrators to split the purchase 
of the radars into at least two procurements and while the delivery and installation schedule of 
radars was typically longer than one year, multiyear contracts are administratively difficult to do 
within CONAGUA.  The contract administration for the radars will likely require a significant effort 
by the implementation team.   

The primary purpose of the weather radars is to provide areal precipitation measurements for 
nowcasting of hazardous flooding.  Some research was done in developing the plan for the 
activity to calibrate the weather radars to provide precipitation measurements.  A summary is 
attached as an Annex 3.  As there did not appear to be a consensus on the most appropriate 
method, the development of the plan for the calibration of the radars will have to carefully 
evaluate the alternative methods available. 

3.4 Subcomponent 2.2 Improvement of the Surface Observation Networks 

Background 
The surface observation networks monitor the weather conditions of rain, wind, pressure, 
evaporation, and other parameters and measure the river flows and reservoir levels.  79 weather 
observatories provide the synoptic data every 6 hours for the world’s weather forecasting 
systems through the WMO and in SMN an additional 136 automatic weather stations.  
CONAGUA’s Gerencia de Aguas Superficiales e Ingeniería de Ríos (GASIR) operates over 
3000 manual climate stations for precipitation, evaporation, and temperature data, 191 
automatic weather stations, 686 hydrometric stations with voice radio, and 163 automatic 
stations providing water level and climate data.  This subcomponent will complete the 
automatization of the synoptic stations and automate 198 manual meteorologic/climatic stations.  
Other subcomponents will modernize other of the surface observation networks. 

The surface observation networks were analyzed3 in 2011 with recommendations for the 
modernization of the stations.  That report describes the existing networks and the process by 
which the existing stations were analyzed to produce a list (Annex 4) of the stations to 
modernize.  The following table summarizes the numbers of stations proposed of the three 
different types; 

                                                 
3 P126487: “Modernizing the National Weather Service to Address Variability and Climate Change in the Water 
Sector in Mexico” under preparation.  by Guillermo Enrique Ortega Gil. November 2011 
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• ESIMES = Automatic synoptic stations 

• EMAS = Automatic meteorological stations 

• GASIR = Hydrometric(/climate) stations 

 

 

RESUMEN Total estaciones jerarquizadas   
  ESIMES EMAS GASIR SUMA 
INSTALADAS 44 262 71 377 
REUBICACIÓN   5   5 
SUBTOTAL INSTALADAS 44 267 71 382 
NUEVAS RED BASE 41 164 128 333 
AREAS NAT PROT   34   34 
SUBTOTAL NUEVAS 41 198 128 367 
RED TOTAL 85 465 199 749 

 

 

 
Figure 2.  Proposed new automatic stations. 

 

Of the 79 synoptic stations, 44 had already been automated, leaving 35 synoptic stations as 
manned sites with around the clock staff.  The MoMet plan will automate these sites with a suite 
of sensors and data logger and computer providing formatted data to the network.  The sensor 
suite is; 
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Wind speed and direction at 10 m,  
Wind speed and direction at 3 m,  
air temperature, 
humidity,  
incoming solar radiation,  

atmospheric pressure,  
soil temperature 
ground air temperature 
tipping bucket rain gauge. 
 

The evaporation measurement of the synoptic stations is not planned to be automated because 
automated evaporation pans are expensive, evaporation can be calculated from the other 
sensed parameters, and the stations will continue to be manned and thus able to collect the 
daily evaporation readings.  

The other meteorological observations not being automated are for present and past weather 
and for cloud amount, type, and height. 

The existing climate stations are in 4 categories. 

• The climate reference network of long-term stations, minimum 30 years. 
• Ordinary climate station with daily reading of maximum and minimum temperature and 

precipitation. 
• Special climate stations operated for specific purposes. 
• Principal climate stations collecting several parameters hourly and daily. 

 
The report authored by Ortega examined the synoptic weather observatories, the climate 
reference network, and the hydrometric network.  The hydrometric network is operated by 
GASIR, the surface water sister agency to SMN as the meteorologic agency.  As well as 
hydrometric stations monitoring river levels and flows and reservoirs and lakes, GASIR operates 
climate stations.  The manual hydrometric and climate stations are typically over 50 years old.  
An Annex 7 spreadsheet to Ortega’s report ranks the priority of the existing manual stations 
operated by SMN and GASIR and lists the stations to be automated. 

MoMet Plan 

Activity Budget (US $ millions) 
2.2.1 Produce a plan for the growth of the surface observation 

network 
0.29 

2.2.2 Install 41 automatic synoptic stations 2.30 
2.2.3 Install 164 automatic stations in the climate reference network 8.28 
2.2.4 Install 34 automatic weather stations in protected areas 1.72 
2.2.5 Purchase sensor calibration equipment 0.32 
 

The implementation plans for these activities are in Annex 2. 

The hydrometeorological network is covered by Subcomponent 2.4.  The discussion comment 
below apply to them as well and to the automatic stations installed under the pilot projects of 
Component 4. 

Discussion 
The estimated costs to supply and install an automatic station are US$ 60,000 for a synoptic 
station, $50,000 for a meteorologic station, and $40,000 for a hydromet station.  These costs 
seem high in comparison to the costs for similar networks in other countries, but do include 37% 
for duties, customs and value added tax.  

The network review that determined the stations to receive automation only considered the 
existing manual stations.  (The exception being the 34 stations in the environmentally protected 
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areas where new stations will be installed within parks and other areas protected from 
development.)  Automatic telemetric stations provide the opportunity to place monitoring stations 
in locations where it had not been possible before, such a mountaintops or very remote areas.  
The implementation plan for activity 2.2.1 to produce a plan for the growth of the network and for 
some of the stations of 2.2.3 includes network reviews to locate holes in the observational 
coverage to be filled with new stations. 

The specifications for the automatic stations had been drafted by the SMN automatic station 
group.  A review by this consultant found them to be incomplete and problematic.  The 
procurement documents for the supply and installation of the stations will need a careful review 
to ensure that the sensors meet MOE accuracy and precision requirements and that the station 
configuration is appropriate.  For example, frozen precipitation as hail and snow does fall in 
some areas of Mexico; therefore the precipitation gauges in those areas should be capable of 
measuring it, either with heated tipping bucket gauges or accumulating weighing rain gauges.  A 
discussion of the meteorological sensors is in Annex 5.  The procurement documents should 
also include an independent verification that the sensors and stations were properly installed.  It 
is unlikely that SMN has the capability to do this therefore a consultant is required for 
supervising the installation contract. 

A very important aspect for a weather or climate monitoring station is that its sensors have a 
representative view of the environment.  A station with poor exposure will provide misleading 
data.  The WMO guidelines4 describe the exposure requirements for wind, temperature, and 
precipitation and a station inspection process to document them.  The construction of the 
automatic stations must consider this by including the documentation of the exposure and, 
where possible, modifying the station location or its surroundings to improve the exposure.   

The draft specifications for the calibration instruments were presented to this consultant for 
review.  Errors in them indicated that outside assistance is need to produce the procurement 
documents for this activity 2.2.5.  The diagnostic report5 of 2010 observed that SMN does not 
have a calibration or inspection group.  Without calibration of the sensors, which will be required 
within one year of installation, the stations will be reporting erroneous values outside of the 
WMO specifications.  Additionally, as mentioned in the paragraph above, a process is required 
for station inspections.  Annex 6 is a proposal for the creation of a calibration and inspection 
group in SMN. 

The draft specifications for the automatic meteorological stations specify a station with a 
common set of sensors almost as full as the set for synoptic stations, including wind, air 
pressure, and solar radiation.  For the most part, these stations are automating manual stations 
that had been collecting only maximum and minimum temperature and precipitation on a daily 
basis, and many likely have poor exposure with buildings and trees having built up around them 
over the past decades.  Poor exposure leads to misleading data.  This consultant has seen wind 
sensors at the base of cliffs and rain gauges under trees.  These sensors are expensive to 
purchase and install and to maintain and calibrate.  The solar radiation sensor, for example, 
requires frequent, perhaps daily, cleaning.  Serious consideration should be given to modifying 
the sensor set on a station-by-station basis considering the exposure of each station and the 
requirement on a network basis for the data from each parameter.   

The MoMet plan adds several hundred automatic stations with telemetry to CONAGUA’s 
systems to send data in real-time or near-real-time.  However, the plan does not include systems 
to receive that data.  There are at least two GOES telemetry receive sites in CONAGUA but they 
are not likely to have the capacity to receive the data.  The data can also be received through 

                                                 
4 WMO No. 8 “Guide to Meteorological Instruments and Methods of Observation”, World Meteorological 
Organization, 2006 
5 MoMet “Diagnostico Institucional y Propuesta de Plan Estratégico 2010-2019” OMM consultoria, Febrero 2010 
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the Internet from public sites but data retrieval by Internet is not reliable enough during weather 
related disasters such as hurricanes and cyclones when the data is most critical.  The MoMet 
plan must be adjusted to include the telemetric receive sites.   

Automatic stations do require support and maintenance.  Debris is to be removed from rain 
gauges, solar radiation sensors cleaned, annual calibration checks, stolen solar panels 
replaced, and stations visited whenever they stop sending good data.  Not all of this can or 
should be covered by a maintenance contract.  SMN should do independent verification of any 
station’s operation and only by operating stations would SMN develop the expertise to 
understand the stations’ requirements.  The MoMet plan does not adequately address this issue.  
CONAGUA management must develop the administrative and financial arrangements with SMN 
and the regional CONAGUA offices for the support of automatic stations with sufficient staff at 
SMN headquarters to oversee the operation and development of the networks of automatic 
stations, and the manual stations.  An outline for a familiarization session for managers is in 
Annex 7.  This would give them an understanding of they are getting involved with.  While the 
supply and installation contracts for the automatic stations may include the provision of training, 
the training center of Component 1 does not include ongoing training in the operation of 
automatic stations.  This should be added to the training programs.   

3.5 Subcomponent 2.3 Improvement of the Upper Air Network 

Background 
The MoMet plan classifies the upper air (red de altura) as the radio-sonde weather balloons and 
the imagery from weather satellites.   

 
Figure 3.  The radio-sonde network. 
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There are 16 radio-sonde stations in the country that release weather balloons into the upper 
atmosphere and send the information into the global telecommunication system for weather 
information.  In 2011 new receiving equipment from the GRAU was installed at 15 stations and a 
long term contract issued for the supply of their consumable radio-sondes.  This had been 
arranged through WMO.  

 However, the radio-sonde stations had been constructed in the 1970s and are now in a poor 
state of repair and require upgrading. 

The remote sensing group in SMN is responsible for the operation of the dishes that receive the 
weather imagery from the geostationary (GOES series) satellites and the polar satellites 
(TIROS-N/NOAA series) and the European EUMETSAT.  SMN has 8 different receive sites 
providing redundancy.  Three of the receiving stations are out of operation requiring upgrades to 
process signals from the more recent generation of satellites.  SMN can receive satellite images 
from Internet sites.   

MoMet Plan 

Activity Budget (US $ millions) 
2.3.1 Produce a plan for the development of the radio-sonde network 0.03 
2.3.2 Maintenance of the radio-sonde civil works 0.40 
2.3.3 Upgrading of satellite receiving stations 0.47 
2.3.4 Development of applications using satellite imagery 0.57 
 

The implementation plans for these activities are in Annex 2. 

Discussion 
The radio-sonde stations have been upgraded in 2011 with new receiving equipment and a 
contract for the supply of sondes, but their buildings and hydrogen generation systems are very 
old and in need of replacement for safety reasons.  This was identified in MoMet diagnostic 
report of 2010 but was not in the original MoMet plan.  It has been added as Part B of Activity 
2.3.1 to ensure the continued operation of the radio-sonde network, which is essential for any 
weather forecasting.  It is however unfunded in the plan.  SMN had prepared two detailed 
documents (Justificación Económica de Programas de Inversión) for the hydrogen generators 
and storage tanks estimating a cost of US$ 5.1 million.  An expert review is necessary to 
determine if the equipment described in that estimate is appropriate.   

The MoMet plan lists Activity 2.3.3 as the upgrading of three GOES imagery receive sites.  The 
actual plan is the upgrading of two GOES receivers and one receive site for the polar orbiting 
TIROS-N/NOAA imagery satellite.  The SMN satellite group desires additional receivers to 
service the regional centers and provide backup.  Alternatives to additional receivers should be 
considered for image delivery to regional centers and backup purposes. 

3.6 Subcomponent 2.4 The Hydrometeorological Reference Network 

Background 
GASIR operates the climate and surface water monitoring network of Mexico, encompassing 
161 automatic stations, more than 1000 manual hydrometric stations and more than 3000 
manual climate stations.  Other agencies such as la Comisión Federal de Electricidad operate 
smaller networks of climate and hydrometric stations.  The hydrometric stations measure the 
levels of rivers and lakes, the levels in reservoirs, and the flows of rivers.  Staff gauges are read 
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daily, or more frequently during flood events, and regular flow measurements taken with a 
rotating cup current meter.  Many stations are equipped with a float driven recorder tracing the 
continuous water level onto a paper chart.  Depending upon the use of the stations, the readings 
are submitted daily by telephone or on paper by mail.   

In 2011 as part of the review and prioritization of the surface observation networks for 
automatization, staff of SMN and GASIR reviewed a subset of the manual stations and listed 
128 hydrometric stations for automatization.  The automatic hydrometric stations are to be 
equipped with rain gauges and temperature sensors.  The list of stations is contained in Annex 
4. 

MoMet Plan 

Activity Budget (US $ millions) 
2.4.1 128 new hydrometeorological  stations for priority sites 4.93 
 

The implementation plans for these activities are in Annex 2. 

Discussion 
Most of the discussion items given for Subcomponent 2.2 also apply here with the following 
additions. 

 
Figure 4.  Staff gauge and stilling well at hydrometric station Zipilote. 

 

Because rivers, lakes and reservoirs vary greatly in width, depth and other geomorphic 
characteristics, it is critical that each station have a site-specific design.  The design for each 
hydrometric station must consider the type of water level sensor (bubbler, pressure, float, radar, 
etc) and its range, (0-3 m, 0-100m, etc), the installation requirements (length of conduit, 
repeater, mounting, flood survivability, etc), and the applicability of the meteorologic sensors 
(e.g. no rain gauge within a forest).  The design must also consider how the streamflow data will 
be derived.  At a manual streamflow station, a river flow measurement is taken on a regular 
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basis by the local observer.  If that person is replaced by the automatic station, the design must 
allow for either of two methods to obtain river flow data.  The station may be positioned at a 
location where there is a stable stage discharge relationship, or an acoustic velocity or discharge 
sensor may be mounted in the flow channel.  A station may be repositioned a considerable 
distance to meet this requirement, necessitating a new land access agreement.  A skilled person 
can develop a station design sketch during a one or two hour site visit. 

Automatic hydrometric stations do require a considerable effort to operate.  Manual readings 
need to be taken to confirm the sensor reading, and if they do not agree, pressure sensors 
repositioned above the silt, stilling wells flushed, etc.  Sensors are washed away in floods and 
must be replaced quickly.  Flow measurements must be taken to maintain the stage-discharge 
relationship.  In some cases, this could be several times a year at a station.  For many 
hydrometric agencies, 12 site visits per year is typical with a full-time hydrometric technician 
responsible for 20 stations dividing his time between field work and data computations.  For the 
128 automatic hydrometeorological stations, this represents would seven persons.  They, and 
their operating costs in the field and their technical support and training, must come from GASIR 
and the Organismos de Cuencas that provide the operational support for the CONAGUA head 
offices of SMN and GASIR.  This is not provided in Component 2 and must be considered in the 
other three Components. 

3.7 Subcomponent 2.5 Improving the Complimentary Networks 

Background 
Complimentary to the weather and hydrometric observation networks previously mentioned, are 
other networks that measure global, net, visible, and ultra-violet radiation and air quality 
parameters such as ozone, NOx, or CO2.  These were considered in a MoMet planning 
document for Component 2 but not carried forward, although the automatic weather stations are 
to be equipped with incoming solar radiation sensors.   

Thunderstorms produce intense rainfall, strong winds and lightning, all of which damaging to life 
and property and thus worthy of the attention of an agency that does forecasts and issues 
warnings to the public.  The Comisión Federal de Electricidad (CFE) does operate a lightning 
detection system for its own purposes to protect the electrical grid.  CONAGUA proposes to 
discuss with CFE to share the lightning detection network.  The MoMet plan budgets for a 
central display terminal at SMN and a few detectors. 

Before jumping into new technologies, it is prudent to become familiar with their capabilities and 
limitations.  On this basis, MoMet provides a small budget for pilot projects for new technologies. 

MoMet Plan 

Activity Budget (US $ millions) 
2.5.1 Installation of a lightning display terminal 0.36 
2.5.2 Program of pilot studies for new technologies 0.10 
 

The implementation plans for these activities are in Annex 2. 

Discussion 
Activity 2.5.1 is dependant upon the discussions CONAGUA has with CFE to obtain the feed 
from their detectors.  The amount actually spent could range from insignificant amounts for 
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receiving computer files via Internet to the budget limit of US$ 360,000 for a complete system of 
a central receiving terminal and a nation-wide network of detectors. 

3.8 Subcomponent 2.6 Improving the Telecommunications 

Background 
The automatic stations and forecasting systems are dependant upon telecommunications for 
transmitting data and information.  For the most part this is the Internet and TCP/IP for 
communications between computers in offices and between offices, but it can include point-to-
point radio communications with remote stations and dedicated lines to receive sites.  MoMet is 
adding hundreds of automatic stations and many applications that require and generate 
gigabytes of data as computer files and images and is decentralizing to regional offices.  This 
will increase the telecommunications traffic by a significant amount.  In this subcomponent 
MoMet will be funding telecommunication studies to determine the new requirements in terms of 
traffic loads and technologies and then fund the acquisition of the equipment to met the demand. 

 
Figure 5.  SMN communications structure (from Diagnostics report). 

MoMet Plan 

Activity Budget (US $ millions) 
2.6.1 A study of the communication requirements 0.21 
2.6.2 Provide the telecommunication equipment for the pilot projects 0.39 
2.6.3 Upgrade the telecommunication equipment for the radio-sondes 

and radars. 
0.29 

2.6.4 Upgrade the telecommunication equipment for the LAN and 
WAN 

1.56 
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The implementation plans for these activities are in Annex 2. 

Discussion 
SMN operates within the telecommunication system and procedures of CONAGUA.  The 
CONAGUA telecommunication system is focused on the providing secure interoffice 
communication for e-mail and similar functions.  The requirements for an agency such as SMN 
are more varied and more open.  There are many open connections to other agencies and 
equipment using protocols outside of the normal office functions.  Data volumes can be huge 
and reliability can be critical.  SMN requirements can run counter to CONAGUA policy.  As an 
example with this mission, the CONAGUA firewall blocked access to e-mail servers and several 
websites, and files (mainly PDF).  The solutions to these problems with the CONAGUA policies 
will not be technical but will be managerial. 

4. Component 4 Develop Regional Capacity 

The objective of developing regional capacity was described in a MoMet report “Componente 
4”6.  The document set out the objective of establishing regional meteorological centers in 
CONAGUA’s basin organizations.  The eight Centros Hidro-Meteorologicos Regionales would 
specialize in meteorology, hydrology and climate.  The MoMet plan will oversee the creation of 
five of the eight centers and four pilot projects to develop the capability of providing forecasts 
and warning systems to protect the public from weather related events. 

Table 1. Regional centers. 
 

 

CONAGUA operates as a matrix organisation.  National programs are developed and overseen 
by central units in Mexico City such as SMN for weather forecasting and GASIR for surface 
water management.  SMN is headed by a Coordinator General.  Outside of Mexico City, the 
work on the ground, such as operating observation stations and dealing with the local public and 
other agencies, is through CONAGUA offices, largely in the technical section Subgerencia 
Técnica of the Organismo de Cuenca.  The staff in Subgerencia Técnica operate many 
programs aside from weather and hydrology observation and their resources flow from the 
Director General of the basin organization.   

Regionally there are also 20 local offices headed by a Director Local.  These offices, which may 
be located in different cities than the Organismo de Cuenca, are responsible for other CONAGU 

                                                 
6 MoMet Componente 4  for Servicio Meteorológico Nacional de México, Comisión Nacional del Agua, Banco 
Mundial  dated January 2012 

Regional Center  

(Centro de hidro-meteorológicos regionales)) 

States covered 

(Estados) 
I *Golfo de California BC, BCS, SON, SIN, NAY, DGO 
II Frontera Norte TAMPS, DGO, ZAC, NL, COAH, CHIH 
III Mesa del Central Norte AGS, QRO, SLP, ZAC, DGO, COAH 
IV Occidente NAY, COL, JAL, MICH, GTO, AGS 
V *Valle de México EDOMEX, MOR, PUE, TLAX, HGO, DF 
VI *Golfo de México VER, TAMPS, HGO, QRO, PUE, OAX 
VII *Sur-Sureste MICH, MOR, PUE, OAX, CHIS 
VII *Península de Yucatán QROO, YUC, CAMP, Mar Caribe, Golfo de 

México 
                       * = in MoMet plan 
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operations such as the irrigation districts or water administration and most also contain a 
position for a chief of the weather forecast center (Jefe Del Centro De Prevision Meteorologica).   

The Director Generals and the Director Locals and the Coordinator General all report to the 
Director General of CONAGUA.  A hierarchical staff directory can be found at 
http://portaltransparencia.gob.mx/pot . 

 

 
Figure 6.  Regional centers & forecast nodes. 

 

The borders of the 13 basin organizations follow the river basin divides. 

Table 2. The Basin Organizations 
Basin Organization  

(Organismo de Cuenca) 

Office location 

Balsas Cuernavaca 
Río Bravo Monterrey 
Península de Yucatán Merida 
Pacifico Sur Oaxaca 
Golfo Norte Cd. Victoria 
Aguas de Valle de México Cd. México 
Cuencas Centrales del Norte Torreón 
Frontera Sur  Tuxtla Gutiérrez 
Golfo Centro Xalapa 
Noroeste Hermosillo 
Pacifico Norte Culiacán 
Lerma-Santiago Pacifico Guadalajara 
Península Baja California Mexicali 
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There are three subcomponents to this MoMet component to develop regional capacity and 
each has Activities budgeted by MoMet as follows. 

3.9 Subcomponent 4.1 Develop Plans for the Creation of the Regional Centers 

Background 
The most critical part of the component is the initial planning of the scope and functions of the 
regional centers.  This must also include the allocation of staff and operational resources from 
the existing regional offices of the basin organizations and local offices and the provision of 
office space. 

MoMet Plan 

Activity Budget (US $ millions) 
4.1.1 Define the scope and functions of the regional centers 0.15 
4.1.2 Develop the plan for the Valle de Mexico regional center 0.18 
4.1.3 Develop the plan for the Golf of Mexico regional center 0.18 
4.1.4 Develop the plan for the Yucatan Peninsula regional center 0.18 
4.1.5 Develop the plan for the Golf of California regional center 0.18 
4.1.6 Develop the plan for the South South-east regional center 0.18 
4.1.7 Design and provide systems for hydrometeorological 

management 
0.75 

 

Due to a lack of information, plans were not developed.  The plans for the regional centers will 
flow from the results of Activity 4.1.1 and from the organizational reviews of Component 1.  Until 
those are complete, there are too many unknowns to develop the plans for the creation of the 
five regional centers. 

Discussion 
The creation of the regional centers is a complex organizational and managerial issue not solved 
by studies or purchases.  The MoMet plan does not provide for the operational resources and 
the staff provided by MoMet are only for the life of the project to 2017 to create the systems in 
five regional centers.  The operational resources and staff will have to come from existing 
programs or new staff.  Defining the geographic divisions alone will be a difficult task.  There are 
8 regional centers covering hundreds of forecast nodes, using automatic stations operated by 13 
basin organizations working within the boundaries of river basins, and 20 local offices (that have 
a weather forecasting center) that operate to state boundaries. 

Very little information was available to this consultant on the concepts and proposed ideas for 
how the regional centers might be created.  Rather than proposing a plan based on ignorance 
for centers for which there are many players with vested interests, no implementation plan was 
prepared for the planning of the regional centers. 
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3.10 Subcomponent 4.2 Implement the Regional Centers 

MoMet Plan 

Activity Budget (US $ millions) 
4.2.1 Equip the South South-east regional center 0.49 
4.2.2 Equip the Golf of Mexico regional center 0.49 
4.2.3 Equip the Yucatan Peninsula regional center 0.49 
4.2.4 Equip the Golf of California regional center 0.49 
4.2.5 Equip the valle de Mexico regional center 0.49 
 

For each of these activities the MoMet plan budgets for the following items. 

Items for each Regional Center of Subcomponent 4.2 Budget (US $ millions) 
1 computer with 24 quad-core processors to run numerical models 0.01 
Field equipment and related software 0.05 
5 PC computers to be rented 0.0015 
2 HD 60 inch video screen 0.03 
6 person years of chief of the project’s observation network 0.20 
6 person years of chief of the project’s hydrology work 0.20 
 

Due to lack of information, no plans were developed.  The purchases and rentals of the 
computers and screens must be tied to their use.  Prior to any purchases, the applications that 
will run on them and the staff that will use them must be properly defined.  The need and 
specifications can then be reviewed and revised as needed.  On that basis no plan was 
prepared. 

Discussion 
In the long run, rental of computers is more expensive than purchasing and will likely lead to 
problems.  There is a real possibility that renewing or extending rentals will not occur due to 
budgetary or administrative blunders.  These computers will not be used solely for web 
browsing, memo writing, and e-mail.  They are to be used for technical and scientific purposes 
and will have special programs and unique configurations.  They cannot be replaced with an off-
the-shelf computer loaded with an office suite.  This Activity should be changed from a rental to 
a purchase which, to remove them from restrictive CONAGUA computer purchasing procedures, 
could be purchased directly by WMO. 

No additional information could be obtained on the field equipment and related software other 
than what was listed in the plan. (Requieren actualización de software: el Google Earth versión 
Profesional, ArcView GIS, HYPACK versión 9.0, equipo de topografía con estaciones totales 
como la LEICA 1100, nuevos niveles de precisión, ecosondas para topobatimetría, GPS de 
precisión, y molinetes.)  Considering that this may be an unsubstantiated wish list, this 
consultant proposed some alternatives to provide for moving boat river flow measurements, 
which would be more effective.  That proposal is in Annex 6. 



18  

OMM/SMN Contribution to Project Implementation Plan (PIP): Components II and IV Ian MCLAURIN 
 

3.11 Subcomponent 4.3 Regional Centre Pilot Projects 

Background 
With this subcomponent MoMet puts into place four projects that tie together the organizational 
aspects and training of component 1, the observation networks of component 2, the weather 
forecasting systems of component 3 and the creation of the regional centers.  The pilot projects 
will produce local forecasts and warnings that will reduce the loss of property and life in their 
regions.  Although they are labeled as ‘pilot projects’, they will be completely operational in their 
regions, acting as pilot projects for the systems for the other regional centers. 

MoMet Plan 

Activity Budget (US $ millions) 
4.3.1 Pilot project for the valle de Yaqui 1.34 
4.3.2 Pilot project for the valle de México 1.16 
4.3.3 Pilot project for the basins of Veracruz 2.21 
4.3.4 Pilot project for the coast of Chiapas 3.34 
4.3.5 Provide 96 person years of technical assistance 5.76 
 

For each of the pilot projects the MoMet plan budgets for the following items. 

Items for each Pilot Projects of Subcomponent 4.3 Budget (US $ millions) 
4.3.1 4.3.1 4.3.3 4.3.4 

Telemetric weather stations 0.10 0.10 0.30 0.40 
Telemetric rain and temperature stations 0.30 0.12 0.82 1.40 
Telemetric rain, temperature and water level stations 0.30 0.30 0.45 0.90 
Control system for the telemetric network 0.10 
Misc. civil works  0.60 
6 person years of a Master of Engineering 0.30 
6 person years of professionals 0.18 
 

Background and support information was available for three of the pilot projects7 based on work 
that had already been done in those basins.  Project implementation plans for them were 
prepared and are attached in Annex 10.  Insufficient information was provided for any plan to be 
developed at this time for the fourth pilot project for the Yaqui valley.  

Discussion 
The MoMet plans for operational regional forecasting and warning to be in place by the end of 
the project in 2017.  However, at that time MoMet removes the support persons it provided for 
the regional centers and the pilot projects.  CONAGUA must be prepared to carry on the 
operation with their own staff and resources. 

                                                 
7 MoMet report “Plan Estratégico de Desarrollo para el establecimiento de un Sistema de Alerta Temprana para la 
prevención de inundaciones en el Valle de México”, by OMM consultants Angel Luis Aldana Valverde, Victor 
Magaña Rueda, and Francisco Martin Leon, November 2011 
MoMet report “Modelos de Pronósticos de Ríos - Cuencas de los ríos Cazones y Jamapa-Cotaxtia” by OMM 
consultant Faustino De Luna Cruz, in preparation, January 2012 
HRC technical communication CHIAPASFFG-05 “Development and Implementation of a Flash Flood Early 
Warning System – State of Chiapas, Mexico – Implementation Report, Program Year 1”  by Hydrologic Research 
Center, November 2011 
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Each of these pilot projects, likely many others in the modern SMN, will have hydrologic and 
hydraulic computer models at their core.  There are many different models to select from, each 
suited to particular conditions and each with its own costs in data requirements and dollars.  The 
selection of hydrologic (effect of rain on river flow) and hydraulic (moving the flow down the river) 
models is not a trivial matter.  An introduction to the selection process for models is contained in 
Annex 9 as a presentation.  Any new projects in SMN and GASIR planning on using hydrologic 
and/or hydraulic models should start with a process to compare the requirements to the 
capabilities of a wide range of possible models.   

5. Conclusions 

The plans for component 2 will see the installation of 2 replacement radars and 3 new radars, 
367 new automatic stations, and upgrades to 3 satellite receivers, 16 radio-sonde stations, and 
the telecommunications network.  Calibration systems will be put in place for the surface stations 
and the weather radars.  A lightning detection network will be added, new applications derived 
from satellite images, and new technologies tested.  Long range plans will be prepared for the 
radar network, the network of the surface observation stations, and the network of radio-sondes 
stations.   

The plans for component 4 will see the creation of regional forecast centers with the 
establishment of five of the eight and putting pilot projects into four of those that will establish 
operational forecast and warning systems for weather conditions that threaten their areas.  Each 
pilot project will be equipped with computers, telecommunications, field equipment, and 
automatic stations and be staffed with 6 persons for the 6 years of the project. 215 automatic 
stations will be installed for the pilot projects.  

Within component 2 there are 6 subcomponents broken down into 19 activities.  Within each 
activity this plan has identified tasks, many of which involve consultancy studies and relatively 
few are contracts for supply of goods.  As was observed in the diagnostic report “Diagnostico 
Institucional y Propuesta de Plan Estrategico  2010-2019”, SMN suffers from a shortage of 
qualified personnel, and this was borne out in the quality of the draft solicitation documents seen 
during this mission.  The MoMet budget spreadsheet identified only 3 activities to involve WMO.  
The plans presented here would call for WMO, or equivalent, outside expertise in almost all 
activities.  This will put a heavy load on the implementation teams that are being created in 
component 1. 

The diagnostic report observed that the infrastructure and equipment was in a poor stare of 
repair rendering much of it inoperable.  This observation was reinforced during this mission with 
reports from SMN staff about the administrative and budgetary problems in obtaining even minor 
spare parts to keep major pieces of equipment in operation.  In previous missions this consultant 
has seen many otherwise functional recording rain gauges not in operation simply because of 
the lack of paper and ink.  The plans presented here do little to alleviate the problem of the 
maintenance of the surface observation networks and, because of the doubling of the size of the 
automatic station network, are likely making it worse.  The diagnostic report also noted a 
significant lack of calibration and inspection that was rendering much of the data useless.  The 
calibration and inspection unit proposed under activity 2.2.5 would improve this situation.  The 
organizational and structural changes to be brought about through component 1 must address 
the issue of maintenance and operation and the need for calibration and inspection. 

Several of the subcomponents, such as for the radars and automatic stations, have activities for 
major planning investigations of their networks that will conclude after the budget has been 
expended on the supply and installation of equipment and still several years before the next 
planning cycle in 2018.   
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The plans for component 4 that are presented here only cover three of the four pilot projects.  
There was insufficient information provided for the pilot project for the Yaqui valley for any plan 
to be considered.  The activities of component 4 to plan for and establish the regional centers 
involved institutional issues for which there was no information provided and thusly no plans 
were produced.  The activities of component 4 will flow directly and naturally out of its first 
activity that will produce the general plan for the creation of the regional centers.  Despite the 
uncertainty of how the regional centers would be established, the pilot projects can proceed 
independently, at least for the first years. 
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Annex 1 – MoMet Activities and costs 
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Componente 2 - Modernización y Consolidación de la Infraestructura de Medición       
# Subcomponente                             
    # Actividades # Resultados Preci

o 
unitar

io 

Cantid
ad 

Cost
os 

Mill 
USD 

201
2 

2013 2014 201
5 

201
6 

201
7 

CA
T 

  OM
M 

2.1 Rehabilitación y expansión de la red de radares                         
    2.1.

1 
Plan de 
Desarrollo y 
Utilización de la 
Red de Radares 

2.1.1.
1 

Definición de 
los usos de los 
radares 
meteorológicos 
y desarrollo de 
la red. 

$0.24 1 $0.24 $0.1
2 

$0.12         C 300
6 

1 

    2.1.
1 

TOTAL         $0.24 $0.1
2 

$0.12 $0.00 $0.0
0 

$0.0
0 

$0.0
0 

      

    2.1.
2 

Calibración 
Hidrológica de 
la Red de 
Radares 
Meteorológicos. 

2.1.2.
1 

Calibrar desde 
el punto de 
vista 
hidrológico los 
radares 
meteorológicos. 

$0.25 13 $3.25   $0.25 $0.75 $0.7
5 

$0.7
5 

$0.7
5 

C 300
7 

  

          Radares 
calibrados por 
año 

        $1.00 $3.00 $3.0
0 

$3.0
0 

$3.0
0 

      

    2.1.
2 

TOTAL         $3.25 $0.0
0 

$0.25 $0.75 $0.7
5 

$0.7
5 

$0.7
5 

      

    2.1.
3 

Adquisición de 
5 radares 
nuevos. 

2.1.3.
1 

Operación de 3 
radares nuevos  

$3.00 3 $9.00 $2.2
5 

$4.50 $2.25        B  200
2 

  

        2.1.3.
2 

Operación de 2 
radares nuevos  

$3.00 2 $6.00   $1.50 $3.00 $1.5
0 

     B  200
3 

  

      TOTAL         $15.0
0 

$2.2
5 

$6.00 $5.25 $1.5
0 

$0.0
0 

$0.0
0 

      

2.1 SUMA           $18.4
9 

$2.3
7 

$6.37 $6.00 $2.2
5 

$0.7
5 

$0.7
5 

      

2.2 Mejoramiento de la red de estaciones 
de superficie 

                                

    2.2.
1 

Plan para 
Crecimiento de 
la red de 
estaciones de 
superficie. 

2.2.1.
1 

Orientación de 
cómo debe 
crecer la red de 
superficie 

$0.29 1 $0.29 $0.0
9 

$0.11 $0.09        C  300
8 

1 
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      TOTAL         $0.29 $0.0
9 

$0.11 $0.09 $0.0
0 

$0.0
0 

$0.0
0 

      

    2.2.
2 

Estaciones 
nuevas ESIME 

2.2.2.
1 

Instalación de 
ESIMES en 
observatorios 
meteorológicos 

$0.06 41 $2.30 $0.6
9 

$0.69 $0.92       B 200
4 

  

      TOTAL         $2.30 $0.6
9 

$0.69 $0.92 $0.0
0 

$0.0
0 

$0.0
0 

      

    2.2.
3 

Estaciones 
nuevas EMA de 
referencia 

2.2.3.
1 

Instalación de 
EMAS en sitios 
prioritarios 

$0.05 164 $8.28 $2.4
8 

$2.48 $3.31       B 200
5 

  

      TOTAL         $8.28 $2.4
8 

$2.48 $3.31 $0.0
0 

$0.0
0 

$0.0
0 

      

    2.2.
4 

Estaciones 
nuevas EMA en 
áreas 
protegidas 

2.2.4.
1 

Instalación de 
EMAS en sitios 
prioritarios de 
las áreas 
protegidas 

$0.05 34 $1.72 $0.5
2 

$0.52 $0.69       B 200
6 

  

      TOTAL         $1.72 $0.5
2 

$0.52 $0.69 $0.0
0 

$0.0
0 

$0.0
0 

      

    2.2.
5 

Instrumentos de 
referencia 

2.2.5.
1 

Instrumentos 
portátiles de 
referencia para 
calibrar las 
estaciones 
automáticas 

$0.03 10 $0.32 $0.1
6 

      $0.1
6 

  B 200
7 

  

      TOTAL         $0.32 $0.1
6 

$0.00 $0.00 $0.0
0 

$0.1
6 

$0.0
0 

      

2.2 SUMA         $12.9
0 

$3.9
3 

$3.80 $5.00 $0.0
0 

$0.1
6 

$0.0
0 

      

2.3 Mejoramiento de la red de altura                                 
    2.3.

1 
Plan maestro 
para desarrollar 
la red de 
radiosondeo9s. 

2.3.1.
1 

Operar y 
mantener la red 
de estaciones 
de radiosondeo 

$0.03 1 $0.03   $0.03         C 300
9 

  

    2.3.
2 

Mantenimiento 
de obras civiles 

2.3.2.
1 

Mantenimiento 
y rehabilitación 
de 
instalaciones. 

$0.40 1 $0.40   $0.40         A 100
2 
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    2.3.
3 

Mejoramiento 
de 3 Estaciones 
terrenas para 
recepción de 
imágenes GOES 

2.3.3.
1 

Modernizar las 
estaciones 
actualmente en 
operación 

$0.16 3 $0.47 $0.0
9 

$0.09 $0.28       B 200
8 

  

    2.3.
4 

Desarrollo de 
aplicaciones de 
imágenes de 
satélites  

2.3.4.
1 

Incrementar el 
aprovechamient
o de la 
información 
satelital del 
GOES y otros 
satélites 
orientados al 
medio 
ambiente. 

$0.14 4 $0.57 $0.1
1 

$0.11 $0.34       C 301
0 

1 

2.3 SUMA     $1.47 $0.2
1 

$0.64 $0.63 $0.0
0 

$0.0
0 

$0.0
0 

      

2.4 Red hidrometeorológica de referencia                                 
    2.4.

1 
Estaciones 
hidro-
meteorológicas 
nuevas en sitios 
prioritarios 

2.4.1.
1 

Red de 
referencia 
Hidrometeoroló
gica 

$0.04 128 $4.93 $0.4
9 

$1.97 $2.46       B 200
9 

  

2.4 SUMA         $4.93 $0.4
9 

$1.97 $2.46 $0.0
0 

$0.0
0 

$0.0
0 

      

2.5 Redes complementarias                     
    2.5.

1 
Instalación  de 
una terminal 
para detección 
de rayos. 

2.5.1.
1 

Adquisición de 
receptora 

$0.36 1 $0.36   $0.36         B 201
0 

  

    2.5.
2 

Programa de 
pruebas piloto 
de tecnologías 
nuevas 

2.5.2.
1 

Estudio y 
pruebas de 
sensores 

$0.10 1 $0.10   $0.02 $0.02 $0.0
2 

$0.0
2 

$0.0
2 

C 301
1 

  

2.5 SUMA         $0.46 $0.0
0 

$0.38 $0.02 $0.0
2 

$0.0
2 

$0.0
2 

      

2.6 Mejora del sistema de telecomunicaciones del  SMN.                     
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    2.6.
1 

Estudio para 
verificar los 
medios de 
comunicación 
para garantizar 
la transmisión 
de datos en 
línea al costo 
menor. 

2.6.1.
1 

Revisión del 
sistema de 
telecomunicacio
nes del SMN en 
función de 
proyecciones 
de tráfico de 
información y 
las necesidades 
de transmisión 
en línea. 

$0.21 1 $0.21 $0.1
1 

$0.11         C 301
2 

  

    2.6.
2 

Adquisición 
adicional de 
equipo para 
telecomunicacio
nes 

2.6.2.
1 

Instalación de 
equipo  en las 
redes  de 
proyectos piloto 

$0.39 1 $0.39   $0.39         B 201
1 

  

    2.6.
3 

Mejora del 
sistema de 
telecomunicacio
nes de las redes 
de altura del  
SMN. 

2.6.3.
1 

Instalación de 
equipo  en  red 
de 
radiosondeos y 
radares del SMN  

$0.29 1 $0.29   $0.29         B 201
2 

  

    2.6.
4 

Mejora del 
sistema de 
telecomunicacio
nes del  SMN. 

2.6.4.
1 

Instalación de 
equipo  en la 
red interna de 
datos del SMN 

$0.36 1 $0.36 $0.0
5 

$0.18 $0.12       B 201
3 

  

        2.6.4.
2 

Instalación de 
equipo  en la 
red externa de 
datos del SMN 

$0.20 6 $1.20   $0.24 $0.24 $0.2
4 

$0.2
4 

$0.2
4 

B 201
4 

  

2.6 SUMA         $2.44 $0.1
6 

$1.20 $0.36 $0.2
4 

$0.2
4 

$0.2
4 

      

SUMA de Componente 2     $40.6
9 

$7.1
6 

$14.3
6 

$14.4
8 

$2.5
1 

$1.1
7 

$1.0
1 

      

                $1.00 $0.1
8 

$0.35 $0.36 $0.0
6 

$0.0
3 

$0.0
2 
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Componente 4 - Fortalecimiento de la capacidad Regional
# Subcomponente                             
    # Actividades # Resultados Precio 

unitari
o 

Cantid
ad 

Costo
s Mill 
USD 

2012 2013 2014 2015 2016 201
7 

CAT   OMM 

4.1 Plan para la creación y desarrollo de 5 Centros 
Regionales. 

                        

    4.1.
1 

Formulación de un 
Plan para definir 
alcances, 
funciones y 
entrada de 
operación de los 
centros regionales 

4.1.1.
1 

Definición de alcances y 
funciones de los Centros 
Regionales 

$0.145 1 $0.145 $0.14
5 

          C 302
8 

  

    4.1.
2 

Plan para el Centro 
regional Valle de 
México 

4.1.2.
1 

Definición de alcances y 
funciones del Centro 
regional 

$0.180 1 $0.180 $0.18
0 

          C 302
9 

  

    4.1.
3 

Plan para el Centro 
regional Veracruz 

4.1.3.
1 

Definición de alcances y 
funciones del Centro 
regional 

$0.180 1 $0.180 $0.18
0 

          C 303
0 

  

    4.1.
4 

Plan para el Centro 
regional Mérida 

4.1.4.
1 

Definición de alcances y 
funciones del Centro 
regional 

$0.180 1 $0.180   $0.18
0 

        C 303
1 

  

    4.1.
5 

Plan para el Centro 
regional Ciudad 
Obregón 

4.1.5.
1 

Definición de alcances y 
funciones del Centro 
regional 

$0.180 1 $0.180   $0.18
0 

        C 303
2 

  

    4.1.
6 

Plan para el Centro 
regional Tuxtla 
Gutiérrez 

4.1.6.
1 

Definición de alcances y 
funciones del Centro 
regional 

$0.180 1 $0.180 $0.18
0 

          C 303
3 

  

    4.1.
7 

Diseño y provisión 
del sistema de 
gestión 
hidrometeorológica 

4.1.7.
1 

El sistema de gestión 
hidrometeorológica es el 
núcleo de las aplicaciones 
regionales 

$1.000 5 $5.000 $0.75
0 

$0.75
0 

$1.00
0 

$1.00
0 

$0.7
50 

$0.7
50 

C 303
4 

  

4.1 SUMA     $6.045 $1.43
5 

$1.11
0 

$1.00
0 

$1.00
0 

$0.7
50 

$0.7
50 

      

4.2 Creación de 5 Centros Regionales                         
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    4.2.
1 

Centro regional 
Tuxtla Gutiérrez 

4.2.1.
1 

EQUIPAMIENTO                          

          Centro de cómputo para 
modelacion hidrologica  
(GASIR) 

$0.010 1 $0.010   $0.01
0 

        F 600
7 

  

          Software e instrumentos 
de campo 

$0.050 1 $0.050   $0.05
0 

        B 201
8 

  

          Computadoras PC $0.000 5 $0.002 $0.00
0 

$0.00
0 

$0.00
0 

$0.00
0 

$0.0
00 

$0.0
00 

F 600
8 

  

          Pantalla LED HD $0.015 2 $0.030   $0.01
5 

$0.01
5 

      F 600
9 

  

  SUMA     $0.092 $0.00
0 

$0.07
5 

$0.01
5 

$0.00
0 

$0.0
00 

$0.0
00 

      

        4.2.1.
2 

PERSONAL                         

      BM   Jefe de redes de 
observación (proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 303
5 

  

      BM   Hidrólogo (Jefe de 
proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 303
6 

  

  SUMA     $0.396 $0.06
6 

$0.06
6 

$0.06
6 

$0.06
6 

$0.0
66 

$0.0
66 

      

  SUMA     $0.488 $0.06
6 

$0.14
1 

$0.08
1 

$0.06
6 

$0.0
66 

$0.0
66 

      

    4.2.
2 

Centro regional 
Veracruz 

4.2.2.
1 

EQUIPAMIENTO                          

          Centro de cómputo para 
modelacion hidrologica  
(GASIR) 

$0.010 1 $0.010   $0.01
0 

        F 601
0 

  

          Software e instrumentos 
de campo 

$0.050 1 $0.050   $0.05
0 

        B 201
9 

  

          Computadoras PC $0.000 5 $0.002 $0.00
0 

$0.00
0 

$0.00
0 

$0.00
0 

$0.0
00 

$0.0
00 

F 601
1 

  

          Pantalla LED HD $0.015 2 $0.030   $0.01
5 

$0.01
5 

      F 601
2 

  

  SUMA     $0.092 $0.00
0 

$0.07
5 

$0.01
5 

$0.00
0 

$0.0
00 

$0.0
00 

      

        4.2.2.
2 

PERSONAL                         
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      BM   Jefe de redes de 
observacion (proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 303
7 

  

      BM   Hidrologo (Jefe de 
proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 303
8 

  

  SUMA     $0.396 $0.06
6 

$0.06
6 

$0.06
6 

$0.06
6 

$0.0
66 

$0.0
66 

      

  SUMA     $0.488 $0.06
6 

$0.14
1 

$0.08
1 

$0.06
6 

$0.0
66 

$0.0
66 

      

    4.2.
3 

Centro regional 
Mérida 

4.2.3.
1 

EQUIPAMIENTO                          

          Centro de cómputo para 
modelacion hidrologica  
(GASIR) 

$0.010 1 $0.010   $0.01
0 

        F 601
3 

  

          Software e instrumentos 
de campo 

$0.050 1 $0.050   $0.05
0 

        B 202
0 

  

          Computadoras PC $0.000 5 $0.002 $0.00
0 

$0.00
0 

$0.00
0 

$0.00
0 

$0.0
00 

$0.0
00 

F 601
4 

  

          Pantalla LED HD $0.015 2 $0.030   $0.01
5 

$0.01
5 

      F 601
5 

  

  SUMA     $0.092 $0.00
0 

$0.07
5 

$0.01
5 

$0.00
0 

$0.0
00 

$0.0
00 

      

        4.2.3.
2 

PERSONAL                         

      BM   Jefe de redes de 
observacion (proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 303
9 

  

      BM   Hidrologo (Jefe de 
proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 304
0 

  

  SUMA     $0.396 $0.06
6 

$0.06
6 

$0.06
6 

$0.06
6 

$0.0
66 

$0.0
66 

      

  SUMA     $0.488 $0.06
6 

$0.14
1 

$0.08
1 

$0.06
6 

$0.0
66 

$0.0
66 

      

    4.2.
4 

Centro regional 
Ciudad Obregón 

4.2.4.
1 

EQUIPAMIENTO                          

          Centro de cómputo para 
modelacion hidrologica  
(GASIR) 

$0.010 1 $0.010   $0.01
0 

        F 601
6 

  

          Software e instrumentos 
de campo 

$0.050 1 $0.050   $0.05
0 

        B 202
1 
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          Computadoras PC $0.000 5 $0.002 $0.00
0 

$0.00
0 

$0.00
0 

$0.00
0 

$0.0
00 

$0.0
00 

F 601
7 

  

          Pantalla LED HD $0.015 2 $0.030   $0.01
5 

$0.01
5 

      F 601
8 

  

  SUMA     $0.092 $0.00
0 

$0.07
5 

$0.01
5 

$0.00
0 

$0.0
00 

$0.0
00 

      

        4.2.4.
2 

PERSONAL                         

      BM   Jefe de redes de 
observacion (proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 304
1 

  

      BM   Hidrologo (Jefe de 
proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 304
2 

  

  SUMA     $0.396 $0.06
6 

$0.06
6 

$0.06
6 

$0.06
6 

$0.0
66 

$0.0
66 

      

  SUMA     $0.488 $0.06
6 

$0.14
1 

$0.08
1 

$0.06
6 

$0.0
66 

$0.0
66 

      

    4.2.
5 

Centro regional 
Valle de México 

4.2.5.
1 

EQUIPAMIENTO                          

          Centro de cómputo para 
modelacion hidrologica  
(GASIR) 

$0.010 1 $0.010   $0.01
0 

        F 601
9 

  

          Software e instrumentos 
de campo 

$0.050 1 $0.050   $0.05
0 

        B 202
2 

  

          Computadoras PC $0.000 5 $0.002 $0.00
0 

$0.00
0 

$0.00
0 

$0.00
0 

$0.0
00 

$0.0
00 

F 602
0 

  

          Pantalla LED HD $0.015 2 $0.030   $0.01
5 

$0.01
5 

      F 602
1 

  

  SUMA     $0.092 $0.00
0 

$0.07
5 

$0.01
5 

$0.00
0 

$0.0
00 

$0.0
00 

      

        4.2.5.
2 

PERSONAL                         

      BM   Jefe de redes de 
observacion (proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 304
3 

  

      BM   Hidrologo (Jefe de 
proyecto) 

$0.033 6 $0.198 $0.03
3 

$0.03
3 

$0.03
3 

$0.03
3 

$0.0
33 

$0.0
33 

C 304
4 

  

  SUMA     $0.396 $0.06
6 

$0.06
6 

$0.06
6 

$0.06
6 

$0.0
66 

$0.0
66 

      

  SUMA     $0.488 $0.06
6 

$0.14
1 

$0.08
1 

$0.06
6 

$0.0
66 

$0.0
66 
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  Total     $2.438 $0.33
1 

$0.70
6 

$0.40
6 

$0.33
1 

$0.3
31 

$0.3
31 

      

4.3 Proyectos piloto                         
    4.3.

1 
PROYECTO 
PILOTO VALLE 
DEL YAQUI 

4.4.1.
1 

EQUIPAMIENTO, OBRA 
CIVIL Y PERSONAL 

                        

          Estaciones 
Meteorológicas 
Automáticas de Superficie 
EMA 

$0.050 2 $0.100       $0.10
0 

    B 202
3 

  

          Estaciones termo- 
pluviométricas con 
telemetría 

$0.020 15 $0.300     $0.10
0 

$0.10
0 

$0.1
00 

  B 202
4 

  

          Estaciones termo 
pluviométricas con sensor 
de nivel y telemetría 

$0.030 10 $0.300       $0.15
0 

$0.1
50 

  B 202
5 

  

          Sistema de Control 
Telemétrico 

$0.100 1 $0.100     $0.10
0 

      B 202
6 

  

          OBRA CIVIL $0.060 1 $0.060 $0.01
0 

$0.01
0 

$0.01
0 

$0.01
0 

$0.0
10 

$0.0
10 

A 100
3 

  

          PERSONAL                         
          Ingeniero con maestría $0.050 6 $0.300 $0.05

0 
$0.05

0 
$0.05

0 
$0.05

0 
$0.0

50 
$0.0

50 
C 304

5 
  

          Profesionistas $0.030 6 $0.180 $0.03
0 

$0.03
0 

$0.03
0 

$0.03
0 

$0.0
30 

$0.0
30 

C 304
6 

  

  SUMA     $1.340 $0.09
0 

$0.09
0 

$0.29
0 

$0.44
0 

$0.3
40 

$0.0
90 

      

    4.3.
2 

PROYECTO 
PILOTO VALLE DE 
MÉXICO 

4.4.2.
1 

EQUIPAMIENTO, OBRA 
CIVIL Y PERSONAL 

                        

          Estaciones 
Meteorológicas 
Automáticas de Superficie 
EMA 

$0.050 2 $0.100 $0.01
7 

    $0.08
3 

    B 202
7 

  

          Estaciones termo- 
pluviométricas con 
telemetría 

$0.020 6 $0.120 $0.03
0 

  $0.03
0 

$0.03
0 

$0.0
30 

  B 202
8 

  

          Estaciones termo 
pluviométricas con sensor 
de nivel y telemetría 

$0.030 10 $0.300 $0.05
0 

    $0.10
0 

$0.1
50 

  B 202
9 
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          Sistema de Control 
Telemétrico 

$0.100 1 $0.100       $0.10
0 

    B 203
0 

  

          OBRA CIVIL $0.060 1 $0.060 $0.01
0 

$0.01
0 

$0.01
0 

$0.01
0 

$0.0
10 

$0.0
10 

A 100
4 

  

          PERSONAL                         
          Ingeniero con maestría $0.050 6 $0.300 $0.05

0 
$0.05

0 
$0.05

0 
$0.05

0 
$0.0

50 
$0.0

50 
C 304

7 
  

          Profesionistas $0.030 6 $0.180 $0.03
0 

$0.03
0 

$0.03
0 

$0.03
0 

$0.0
30 

$0.0
30 

C 304
8 

  

  SUMA     $1.160 $0.18
7 

$0.09
0 

$0.12
0 

$0.40
3 

$0.2
70 

$0.0
90 

      

    4.3.
3 

PROYECTO 
PILOTO CUENCAS 
VERACRUZANAS 

4.4.3.
1 

EQUIPAMIENTO, OBRA 
CIVIL Y PERSONAL 

                        

          Estaciones 
Meteorológicas 
Automáticas de Superficie 
EMA 

$0.050 6 $0.300       $0.10
0 

$0.1
00 

$0.1
00 

B 203
1 

  

          Estaciones termo- 
pluviométricas con 
telemetría 

$0.020 41 $0.820     $0.27
3 

$0.27
3 

$0.2
73 

  B 203
2 

  

          Estaciones termo 
pluviométricas con sensor 
de nivel y telemetría 

$0.030 15 $0.450     $0.15
0 

$0.15
0 

$0.1
50 

  B 203
3 

  

          Sistema de Control 
Telemétrico 

$0.100 1 $0.100     $0.10
0 

      B 203
4 

  

          OBRA CIVIL $0.060 1 $0.060 $0.01
0 

$0.01
0 

$0.01
0 

$0.01
0 

$0.0
10 

$0.0
10 

A 100
5 

  

          PERSONAL                         
          Ingeniero con maestría $0.050 6 $0.300 $0.05

0 
$0.05

0 
$0.05

0 
$0.05

0 
$0.0

50 
$0.0

50 
C 304

9 
  

          Profesionistas $0.030 6 $0.180 $0.03
0 

$0.03
0 

$0.03
0 

$0.03
0 

$0.0
30 

$0.0
30 

C 305
0 

  

  SUMA     $2.210 $0.09
0 

$0.09
0 

$0.61
3 

$0.61
3 

$0.6
13 

$0.1
90 

      

    4.3.
4 

PROYECTO 
PILOTO COSTA DE 
CHIAPAS 

4.4.4.
1 

EQUIPAMIENTO, OBRA 
CIVIL Y PERSONAL 
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          Estaciones 
Meteorológicas 
Automáticas de Superficie 
EMAS 

$0.050 8 $0.400       $0.13
3 

$0.1
33 

$0.1
33 

B 203
5 

  

          Estaciones termo- 
pluviométricas con 
telemetría 

$0.020 70 $1.400     $0.46
7 

$0.46
7 

$0.4
67 

  B 203
6 

  

          Estaciones termo 
pluviométricas con sensor 
de nivel y telemetría 

$0.030 30 $0.900     $0.30
0 

$0.30
0 

$0.3
00 

  B 203
7 

  

          Sistema de Control 
Telemétrico 

$0.100 1 $0.100     $0.10
0 

      B 203
8 

  

          OBRA CIVIL $0.060 1 $0.060 $0.01
0 

$0.01
0 

$0.01
0 

$0.01
0 

$0.0
10 

$0.0
10 

A 100
6 

  

          PERSONAL                         
          Ingeniero con maestría $0.050 6 $0.300 $0.05

0 
$0.05

0 
$0.05

0 
$0.05

0 
$0.0

50 
$0.0

50 
C 305

1 
  

          Profesionistas $0.030 6 $0.180 $0.03
0 

$0.03
0 

$0.03
0 

$0.03
0 

$0.0
30 

$0.0
30 

C 305
2 

  

  SUMA     $3.340 $0.09
0 

$0.09
0 

$0.95
7 

$0.99
0 

$0.9
90 

$0.2
23 

      

    4.3.
5 

ASISTENCIA 
TÉCNICA A LOS 
PROYECTOS 
PILOTO 

4.4.5.
1 

PERSONAL PARA 4 
PROYECTOS PILOTO 

Salari
o por 
año 

                      

        4 HIDROLOGÍA OPERATIVA $0.060 24 $1.440 $0.14
4 

$0.28
8 

$0.28
8 

$0.28
8 

$0.2
88 

$0.1
44 

C 305
3 

  

        4 METEOROLOGÍA 
OPERATIVA 

$0.060 24 $1.440 $0.14
4 

$0.28
8 

$0.28
8 

$0.28
8 

$0.2
88 

$0.1
44 

C 305
4 

  

        4 CLIMATOLOGÍA $0.060 24 $1.440 $0.14
4 

$0.28
8 

$0.28
8 

$0.28
8 

$0.2
88 

$0.1
44 

C 305
5 

  

        4 SISTEMAS $0.060 24 $1.440 $0.14
4 

$0.28
8 

$0.28
8 

$0.28
8 

$0.2
88 

$0.1
44 

C 305
6 

  

  SUMA     $5.760 $0.57
6 

$1.15
2 

$1.15
2 

$1.15
2 

$1.1
52 

$0.5
76 

      

4.3 SUMA     $13.81
0 

$1.03
3 

$1.51
2 

$3.13
2 

$3.59
9 

$3.3
65 

$1.1
69 

      

  SUMA     $22.29
3 

$2.79
9 

$3.32
8 

$4.53
8 

$4.93
0 

$4.4
47 

$2.2
51 

      

  Porcentaje     100.00 12.56 14.93 20.36 22.11 19.9 10.1       
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Insert page 3 here from book C2 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Insert page 1 here from book C4 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Insert page 2 here from book C4 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Insert page 3 here from book C4 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Insert page 4 here from book C4 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Insert page 5 here from book C4 of Excel spreadsheet  
Annex1budget_spreadsheetToMoMet_Informe 2012-McLaurin-Component2and4.xls 
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Annex 2 –  Implementation Plan for Component 2 Activities 

 

Contribution to Project Implementation Plan 
(PIP) 
for 

Component 2 
6. Introduction 

These plans are intended to serve as guides to produce terms of reference for 
discrete projects that will work towards implementing Component 2 of the 
modernization of the national meteorologic service of Mexico, Servicio Meteorológico 
Nacional de México (SMN). 

The document is structured on the MoMet budget spreadsheet of February 2012.  
The plans were produced with input from background reports prepared by MoMet in 
2011 and on meetings with SMN staff during January and February 2012.   

The activities (Actividad), budgets (Presupuesto), and expected results (Resultado) 
for each subcomponent of Component 2 are taken directly from the MoMet budget 
spreadsheet.  The budget tables show, in millions of US dollars, the total and annual 
expenditures for the item that were estimated by SMN and reviewed with the World 
Bank representatives in January 2012.  These are amounts to be provided through 
the World Bank and do not include staff time and other expenditures provided directly 
by SMN.  The CAT column is the category of the expenditure; A = national contracts,  
B = international contracts,  C = studies.  In the OMM column a ‘1’ indicates an 
activity by the WMO.  However, many of the tasks in these plans would also be 
appropriate for WMO. 

Within the method (Método) sections the term ‘Phase’ indicates an order for tasks to 
be accomplished, the results of one task being used to plan the next task.  The term 
‘Part’ indicates tasks that the tasks could be separate contracts or studies and may 
or may not be concurrent or in any particular order. 

The notes (Notas) sections explain links with other activities, budgetary issues, or 
anything unusual. 

In a few cases, supporting documents or spokespersons could not be found for some 
of the activities to provide a base for planning. 
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3.12 2.0 Componente 2 - Modernización y Consolidación de la Infraestructura de 
Medición 

SMN has a number of networks of stations and systems that observe the state of the 
atmosphere.  Their data feed worldwide data dissemination networks such as WMO’s GOS and 
GTS for generating weather forecasts worldwide and Mexican systems for forecasting and 
warning as well as the analysis of weather and climate for agriculture and many other uses.  The 
climate and hydrometric monitoring network of GASIR and the lightning detection network of 
CFE are complimentary to SMN’s weather networks. 

3.13 2.1 Subcomponente: Rehabilitación y expansión de la red de radares 

Weather radars provide imagery of precipitation extent and intensity that can be used in real-
time for warnings of rain events and the floods that can result from them.  The images can also 
be stored and manipulated digitally to provide direct or in-direct input to other processes such 
monitoring droughts and storm patterns.  However, the existing network of 13 weather radars 
used by SMN do not cover all areas of Mexico and have older technologies.  Calibration is 
required to be able to quantify the precipitation amount. 

2.1.1 Actividad: Plan de Desarrollo y Utilización de la Red de Radares  
The existing radar network is a mixture of technologies and products.  A process is underway for 
the operation of the network to be done by a company under a long-term (18 year) contract 
under el Fondo Nacional de Infraestructura (FONADIN).  The network is to be studied to 
produce a plan for the development and use of the radars to guide the operators of the radar 
network and to ensure that the products are provided to satisfy the requirements of the MoMet 
project. 

Resultado 2.1.1.1:  
Definición de los usos de los radares meteorológicos y desarrollo de la red 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.24 $0.12 $0.12         C 1 

 

Método:  
Phase 1: Define the objective of the coverage by the weather radar network over the country by 
2030, the end of the FONADIN contract. For example “cobertura total del territorio nacional en el 
modo de reflectividad a una altitud de 4000 msnm y de 2000 m sobre el nivel del terreno” or 
“cobertura del territorio mexicano análoga a la cobertura 2012 de la red NEXRAD de los EUA”.  
As well as the meteorologic needs for SMN and the regional centers and the pilot projects of 
Component 4, it must consider the requirements for other uses such as civil protection, 
hydrology, and aviation and the level of service and types of products as well as the geographic 
coverage.  This study requires significant involvement with the users to define wishes and with 
the managers to weigh costs and benefits.   
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Accomplished by a consultancy of national and international experts working closely with 
CONAGUA, SMN, and MoMet.  Estimate 3 weeks of effort over several months to allow for 
scheduling of meetings with users.  Occurs in 2012. 

Phase 2: Following the definition from Phase 1 above, determine the current coverage and the 
coverage after MoMet’s upgrades and develop a plan to reach the objective.  The plan would 
include: 

• The general characteristics of the radars that would provide the desired coverage.  
• The number and locations of radars to meet the objective taking into account the varied 

topography of the country.  
• The ancillary studies, equipment, and software to provide the products desired. 
• Recommendations for the administrative and managerial aspects of operating the radar 

network. 
• Separation of FONADIN and non-FONADIN items. 
• Estimated costs of acquiring and installing the radars. 
• Estimated costs for their maintenance and operation (spare parts, calibration, etc.).  

(Hydrologic calibration of Activity 2.1.2 only covers existing radars) 
• Human resources required for their management and operation. 
• The year-by-year evolution of the network from 2012 to 2030  

Estimate 3 weeks of an international consultant in two periods with a separate national contract 
for the topographic analysis.  Starts in 2012. 

 

Phase 3: Produce a detailed plan for the development of radar products and their dissemination 
to their users.  This would include considerations of any equipment, software and 
telecommunications the user would need.  Note: This must be coordinated with Activity 3.2.5 
which produces a manual for the operation and use of radars. 

Estimate 3 weeks of an international consultant working with the SMN radar group.  Occurs in 
2013. 

 
Phase 4: Conduct discussions with a) other operators of radars in Mexico and b) neighboring 
countries (USA, Guatemala, Belize, Caribbean islands) for integration with their coverage.  Note:  
This must be coordinated with Activity 3.1.8 which constructs a national mosaic of radar 
coverage.   

This is a managerial level activity with some input from WMO.  Occurs in early 2013 to 
coordinate with Activity 3.1.8. 

Notas: 
How these studies develop will depend heavily on the activities related to the negotiations and 
outcomes of the FONADIN process.  A higher level oversight is needed to monitor the two 
activities and coordinate information and direction as needed.  While resources may be provided 
under FONADIN, SMN will need to provide its own resources for activities not covered by 
FONADIN, such as interaction with users, oversight of FONADIN contracts, and evaluation of 
the effectiveness of the radars. 

2.1.2 Actividad: Calibración Hidrológica de la Red de Radares Meteorológicos. 
To provide accurate precipitation intensities and rainfall totals, weather radars must be calibrated 
to the reflectivity of the rain, and other signals, such as birds and buildings masked out.  The 
hydrologic calibration involves comparison to rain gauges on the ground.  The MoMet project will 
be installing 582 telemetric rain gauges that could be used in comparison studies. 
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Over the past decade there has been significant development in the ability of weather radars to 
accurately measure precipitation.  The software systems in modern weather radars include the 
ability to ingest real-time rain gauge data for automatic calibration.  A commentary document has 
been provided. 

 
Resultado 2.1.2.1: 
Calibrar desde el punto de vista hidrológico los radares meteorológicos. 

 
Presupuesto:  

Cantidad Costos 
Mill USD 

2012 2013 2014 2015 2016 2017 CAT OMM 

13 $3.25   $0.25 $0.75 $0.75 $0.75 $0.75 C   

 
Método: 
Phase 1:  International consultant to reconsider the budgetary item for US$ 250,000 for each of 
13 radars for Z-R calibration studies and focus on the inherent ability of each radar to provide 
reasonable rainfall estimates.  The report is to recommend upgrades and/or additional detailed 
studies where necessary to provide useable rainfall estimates.  The terms of reference for this 
work would have to be coordinated with the activity 3.1.8 Construcción del Mosaico Nacional de 
Radares and consider the radar review that was done in 2010.  Consultancy of 3 weeks. 

Phase 2:  Supply, installation and configuration of additional software and hardware for the 
radars and/or conduct studies and rain gauge networks as may be recommended to the limit of 
the budget. 

Notas: 
This activity relates to and overlaps with 3.1.8 Construcción del Mosaico Nacional de Radares 
and with the installation of telemetric rain gauges in other activities.   

2.1.3 Actividad:  Adquisición de 5 radares nuevos. 
A study by WMO in 2010 recommended the replacement of three obsolete radars and the 
addition of radars.  

Resultado 2.1.3.1:  
Operación de 3 radares nuevos 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

3 $9.00 $2.25 $4.50 $2.25        B    

 
Método: 
Phase 1: Define the detailed specifications and requirements for three weather radars through a 
consultancy with an international radar expert working with the SMN radar group.   

The proposed general specifications are: 
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• C-band dual polarization radar with antenna, pedestal, transmitter, receiver, radome, 
controller, digital receiver, signal processor, antenna servo-motors, multiplexer and 
waveguide.   

• Software for the hydrologic processing for the classification and intensity of precipitation, 
capable of real-time adjustment of rainfall amount using to rain gauge network. 

• Systems for data handling, management, visualization and dissemination of images. 
• Auxiliary systems for power, air conditioning, etc and any necessary modifications to the 

civil work for power lines, road ways, lightning protection, fencing, etc 
• Instruments and necessary tools for the calibration and maintenance of the radar. Two 

years of spare parts. 
• Supply, installation, and calibration,  
• Training of three SMN staff for 10 days in the operation and maintenance of the radar 

and in the generation of weather and precipitation outputs.  The supplier will also provide 
a course of five days of general information directed to potential users of the data of the 
radar and another course of 5 days for the administration of the software of the system.  

 
Part A: Replace the radar at el Palmito with minimal downtime for the existing radar. 

Part B: Replace the radar at Los Cabos with minimal downtime for the existing radar. 

Part C: Install the radar at Texcoco.  This is a new site so SMN will need to determine the exact 
location of the radar and make arrangements for access to the land and the provision of 
electrical power and telecommunication.   

Notas: 
The solicitation process for the 5 radars is underway as MoMet begins. 

Resultado 2.1.3.2:  
Operación de 2 radares nuevos 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

2 $6.00   $1.50 $3.00 $1.50      B    

 
Método: 
Phase 1:  The method of achieving this result is the same as for the previous result.  The same 
specifications will be used for these radars.  These are new sites so SMN will need to determine 
the exact location of the radar and make arrangements for access to the land and the provision 
of power and telecommunication.   

Part A:  Produce site plan and access agreements for radar at la presa Venustiano Carranza.  
This should begin early 2012.  

Part B:  Produce site plan and access agreements for radar at La Boquilla. This should begin 
early 2012. 

Phase 2:  Contract for supply, installation, commissioning, and training of the two radars.  An 
international solicitation. 

Phase 3:  If the remaining budget allows, the radar at Guasave requires a new antenna.  
Contract for supply and installation estimated at US$ 500,000. 

Notas:   
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It may be more effective to obtain all 5 radars in a single solicitation.  The specifications and 
locations should be coordinated with the preliminary results of the radar plan being generated in 
Activity 2.1.1. 

3.14 2.2 Subcomponente: Mejoramiento de la red de estaciones de superficie 

The surface observation networks monitor the weather conditions of rain, wind, pressure, 
evaporation, and other parameters and measure the river flows and reservoir levels.  79 weather 
observatories provide the synoptic data for the world’s weather forecasting systems through the 
WMO.  SMN has 136 automatic weather stations.  CONAGUA’s Gerencia de Aguas 
Superficiales e Ingenieria de Ríos (GASIR) operates over 3000 manual climate stations for 
precipitation, evaporation, and temperature data, 191 automatic weather stations, 686 
hydrometric stations with voice radio, and 163 automatic stations providing water level and 
climate data. 

The existing network of manual station has been reviewed in a MoMet background report 
entitled “Componente 2”8 and the stations prioritized (that report’s Annex 7) for an automatic 
station. The prioritization was based on the importance of the station, operational requirements 
for the data, and the likelihood of not maintaining an observer to take manual readings.  

 
RESUMEN Total estaciones jerarquizadas 581  
  ESIMES EMAS GASIR SUMA 
INSTALADAS 44 262 71 377 
REUBICACIÓN   5   5 
SUBTOTAL INSTALADAS 44 267 71 382 
NUEVAS RED BASE 41 164 128 333 
AREAS NAT PROT   34   34 
SUBTOTAL NUEVAS 41 198 128 367 
RED TOTAL 85 465 199 749 

Summary of automatic stations existing and proposed in Annex 7 of Componente 2 report. 
 

2.2.1 Actividad:  Plan para Crecimiento de la red de estaciones de superficie 
The proposals for the automatic stations as contained in this MoMet plan have been identified as 
priority stations.  That planning only considered the automatization of existing manual stations 
and did not consider the possibility of new sites to fill gaps.  The specifications of the stations 
must be reviewed to ensure that the data is of sufficient quality to meet the needs.  (The 
solicitation process for the supply, installation, and maintenance of the first group of stations is 
under way as MoMet begins.) 

Resultado:  
Plan para el desarrollo de la red de estaciones de referencia. 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.29 $0.09 $0.11 $0.09        C  1 

 
Método: 
                                                 
8 MoMet report “Componente 2” January 2012 
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Plans will be prepared by national and international experts in several phases.  International 
consultants provide a broad outside view and the national experts provide knowledge of the 
local conditions. 

Phase 1: Complete detailed planning elements in four parts as follows. 

Part 1: Preparation of sets of standard specifications for equipment, station layout, and data 
processing for the different station types.  These documents would provide for uniformity across 
separate purchases and ensure a high level of quality.  Can be done by SMN staff with an 
international reviewer.  2 weeks of consultancy early in 2012. 

Part 2: Review of options for telemetry by an international consultant.  This investigation would 
consider the costs and benefits of the different telemetry options such as GOES, other satellites, 
UHF & VHF radio, GPRS, and meteor burst to meet the variety of needs for data volume, 
reliability, and timeliness.  4 weeks consultancy in 2012. 

Part 3: Analysis of the alternative modes of operation and maintenance for the surface 
observation network.  A study by an international expert.  Covers such things as scheduling of 
maintenance, operation by staff or contracted company, cost of operation, etc.  4 weeks 
consultancy in 2012. 

Part 4: Reviews of the meteorologic networks to identify gaps or redundancies in coverage and 
requirements.  Each review is to be by a team of one international network review expert and 
one national meteorology or hydromet expert.  The initial review is to decide upon the scope and 
range of the other reviews.  Reviews will be of the networks for the parameters currently being 
observed and also of selected parameters not currently being observed.  The final report will 
summarize the findings.  30 weeks of consultancy in 2012 to 2014. 

Phase 2:  Produce a plan for the next expansion of the surface monitoring network by 
international consultant working with SMN staff.  3 weeks consultancy in 2014. 

Notas: 
The solicitation process for the supply, installation, and maintenance 56 ESIME and 121 EMA 
automatic weather stations in the reference network is under way as MoMet begins.  The 
investigation of telemetric options is related to Activity 2.6.1. 

2.2.2 Actividad:  Estaciones nuevas ESIME 
The ESIME stations are full meteorological stations installed at the existing manned 
observatories to provide synoptic data to the World Area Forecast System.  The suite of sensors 
is wind speed and direction at 10 and 3 meters, precipitation, air pressure, temperature, relative 
humidity, soil temperature, and solar radiation.  Evaporation is to be calculated by the Penman 
equation.  Half of the observatories providing synoptic data are already automated.  The MoMet 
project will automate the remainder. 

Resultado:  
Instalación de ESIMES en observatorios meteorológicos 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

41 $2.30 $0.69 $0.69 $0.92       B   

 
Método: 
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The solicitation process for the supply, installation, and maintenance of 56 ESIME automatic 
weather stations is under way as MoMet begins.  The MoMet budget calls for 41 stations.  Only 
35 synoptic stations are not automated.  The additional 21 are for important meteorological sites 
operated by GASIR as listed in Annex 7 of the Componente 2 report.  The schedule for 
purchase and installation is defined in the solicitation document.  However, one of the stations 
should be held back for installation at/near the Training Center for training purposes.   

A review of the draft specifications for these stations revealed shortcomings that need to be 
addressed before proceeding with the solicitation. 

Phase 1:  The specifications for the solicitation documents require review and revision to ensure 
meeting WMO specifications and providing quality stations.  A commentary on meteorological 
sensors has been provided.  To occur early in 2012. 

Phase 2: Contract for the supply, installation, and maintenance of 56 ESIME automatic weather 
stations.  International bidding to start in 2012 with deliveries occurring into 2014. 

Phase 3: Following the installation of the automatic station, the manual observations at each 
observatory should continue for a period of 2 years to provide an adjustment factor between the 
two methods.  This is critical for use in climate change monitoring and must be conducted at all 
stations because of the lack of calibration at the manual stations.  This is an SMN activity. 

Phase 4:  At the completion of the overlap period, a study to compare the data of the overlap 
period and compute adjustment factors for the different variables.  The study should also 
compare the stations of this implementation with the ESIME stations at the other synoptic 
stations in terms of their specifications and data configuration.  4 week consultancy.  This would 
occur in 2016 or 2017.  It is unfunded in the MoMet plan. 

Notas:   

The items in Phase 3 and Phase 4 are not funded in MoMet but are crucial. 

2.2.3 Actividad:  Estaciones nuevas EMA de refrencia 
The EMA stations are automatic meteorological stations with a smaller sensor suite than at the 
synoptic stations.  The suite of sensors is wind speed and direction at 10 meters, barometric 
pressure, precipitation, solar radiation, temperature, and relative humidity.  The existing network 
of the climate reference stations, which are to provide a long-term climate record for design and 
monitoring, has been reviewed and the stations prioritized for an automatic station based on the 
importance of the station, operational requirements for the data, and the likelihood of not 
maintaining an observer to take manual readings. The study listed in Annex 7 of the report, 164 
EMA stations to automate for the climate reference network. 

The MoMet plan makes no mention of the receiving systems for the data from these GOES 
stations or the others in Actividades 2.2.4, or 2.4.1.   

Resultado:  
Instalación de EMAS en sitios prioritarios 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

164 $8.28 $2.48 $2.48 $3.31       B   

 
Método: 
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The solicitation process for the supply, installation, and maintenance of 121 EMA automatic 
weather stations is under way as MoMet begins.  The draft solicitation document specifies a 
common sensor suite for these stations that are to serve a number of different purposes.  The 
MoMet plan budgets for 164.  The additional 43 stations to be ordered in a second phase.   

Phase 1:  A review is required to verify 1) that the full sensor suite is required at each station, 
and 2) that the equipment specifications meet requirements, including WMO specs.  Review 
lead by consultancy of 2 weeks.  To occur early in 2012. 

Phase 2:  A review of data reception options for the GOES data, including upgrades to the 
existing GOES data receiving stations in Monterrey and Guadalajara, a new DRGS receiving 
station, upgrades to the SMN GOES imagery receiving sites, or receiving the data over Internet 
from existing Direct Readout Ground Stations.  International consultancy of 3 weeks.  Study to 
provide terms of reference for any solicitation documents that may be needed from the 
conclusion.  Costs for the receiving system to come from the amounts budgeted for the 
automatic stations.  To occur early in 2012. 

Phase 3:  Contract for the supply and installation of the receiving system(s) defined by the 
previous phase.  A receiving system must be in operation to verify the operation of stations 
installed in Phase 4:  This is not funded in the MoMet plan. 

Phase 4: Contract for the supply, installation, and maintenance of 121 EMA automatic weather 
stations.  Contract to also provide operational training to local CONAGUA staff.  MoMet 
budgeted for US$ 50,000 each. 

Phase 5: The selection, location and sensor suite of the next 43 EMA stations to be purchased 
should be done by considering new locations where manual stations had not been possible.  
This would be with guidance from the network reviews of Actividad 2.1.1.  This would be an 
SMN activity. 

Phase 6: Following the installation of each automatic station, manual observations should 
continue where possible for a period of 2 years to provide an adjustment factor between the two 
methods.  This is critical for use in climate change monitoring.   

Phase 7:  At the completion of the overlap period, a study to compare the data of the overlap 
period and compute adjustment factors for the different variables.  4 week consultancy in 2017. 

Notas:   
Phases 3, 5, 6, & 7 are not funded in the MoMet plan.  The network planning of Phase 5 would 
take its guidance from the planning of Activity 2.2.1. 

2.2.4 Actividad:  Estaciones nuevas EMA en áreas protegidas 
The EMA stations are automatic meteorological stations with a smaller sensor suite than at the 
synoptic stations.  The suite of sensors is wind speed and direction at 10 meters, barometric 
pressure, precipitation, solar radiation, temperature, and relative humidity.  The study of 
Componente 2 decided upon allocating 34 EMA stations to be installed in areas naturales 
protegidas.  It is supposed that the protected natural area surrounding a meteorological station 
will provide for uniform conditions for monitoring climate change.  Negotiations are taking place 
between the departments for the sitting of these stations.  

Resultado:  
Instalación de EMAS en sitios prioritarios de las áreas protegidas 

Presupuesto:  
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Cantidad Costos 
Mill USD 

2012 2013 2014 2015 2016 2017 CAT OMM 

34 $1.72 $0.52 $0.52 $0.69       B   

 
Método:  
Phase 1:  Discussions between CONAGUA and Comisión Nacional de Áreas Naturales 
Protegidas (CONANP) in SENARNAT to determine the ground rules for the installation and 
operation of stations in protected area and to select the sites. 

Phase 2:  Development of solicitation documents based on specifications and plans developed 
for Activity 2.2.3.  This would be an SMN activity with review by international expert. 

Phase 3:  Supply, installation, operation, and maintenance of the stations.  Contract to be 
initiated in 2012 and continue to 2014.  MoMet budgets US$ 50,000 per station. 

Notas: 
Negotiations with CONANP for the access to the protected area and the selection of sites are 
well underway as of January 2012 with sites having been proposed. 

The managers of protected area may apply special conditions, such as no access by motor 
vehicle, which could increase the costs.  The telecommunication and sensor options may have 
to be modified to maintain the natural conditions, such as not installing a wind tower within a 
forest. 

2.2.5 Actividad:  2 conjuntos de instrumentos de referencia 
The sensors on the automatic stations will be delivered with calibrations from the factory 
traceable back to international standards.  To maintain the high quality, and to reach the project 
objectives of a high level of acceptance of Mexico’s data on the WMO system, the sensors must 
be regularly verified as operating correctly and be recalibrated and the sites must be inspected 
to ensure that the measurements are representative. 

A review of draft specifications for the solicitation documents indicated shortcomings. 

Resultado:  
Contar con instrumentos portátiles de referencia para calibrar las estaciones automáticas 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

10 $0.32 $0.16       $0.16   B   

 
Método:  
Phase 1:  A study by an international expert to examine SMN’s existing reference instruments, 
develop a program for scheduled station inspections and sensor recalibrations, and specify any 
additional reference instruments required.  3 week consultancy in 2012.  A commentary on the 
functions of a calibration and inspection section has been provided. 

Phase 2:  Supply and training for the reference instruments recommended to be done by 
individual procurement contracts with the instrument supplier to provide training.  

Phase 3: SMN management to integrate the calibration and inspection program within the 
organization structure and procedures of SMN, establishing a Centro de Calibración as needed.  
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The staff for a Centro de Calibración are not budgeted in Componente 2.  A calibration group 
could fit well within the training and documentation center.   

Notas: 
This sub-componente also relates to training programs of Componente 1,  sub-componente 
1.4.4, and the data verification features of 3.3. 

The staff for a Centro de Calibración that would provide the scientific and administrative 
expertise for ensuring good data from the sites is not in the MoMet budget. 

3.15 2.3 Subcomponente: Mejoramiento de la red de altura 

The upper–air monitoring network consists of 1) the radio-sondes that are released into the 
upper atmosphere from 16 stations throughout the country, and 2) the reception of images from 
weather satellites. 

2.3.1 Actividad:  Plan maestro para desarrollar la red de radiosondeaos. 
The awarding of a long-term contract in 2011 has provided SMN with 15 new GRAW receiving 
stations and several years of radio-sonde consumables.  The old receiving equipment is still on 
site.  The equipment for the generation and storage of the hydrogen gas used for the balloons is 
old and represents an explosion hazard and potential for regulatory action against SMN.  That 
equipment was scheduled to be replaced in 2012 at a cost of US$ 5 million.  This item is not in 
the MoMet budget and if those funds are not provided by CONAGUA, the expected loss of radio-
sonde sites will affect other MoMet activities. 

One of the stations, Tapachula, is operated and maintained by the provider of the equipment as 
a special case to evaluate the possibility of using that mode of operation for the rest of the 
network.  The station at Isla Socorro is another special case because the site involves the 
Mexican navy. 

Resultado 2.3.1.1:  
Operar y mantener la red de estaciones de radiosondeo 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.03   $0.03         C   

 
Método:  
Part A:  A study to create a plan for an effective radio-sonde network.  It must include:: 

• The desired coverage for upper air stations for weather forecasting considering Mexico’s 
climate and typical network densities, expressed as locations of stations and data 
(parameters and frequency) from the stations. 

• The state of the existing stations and their estimated life span. 
• Recommendations for improvements to the network of stations, the personnel and their 

training, the facilities and equipment, the telecommunications and outputs. 
• Estimated costs for the improvements and for ongoing maintenance and operations. 
• Evaluating alternative modes and costs of operations as an internal SMN activity or as 

contacted out services considering the administrative and budgetary realities within 
CONAGUA. 
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• Evaluate the feasibility of automatic radio-sonde stations and other alternatives for upper 
air monitoring. 

An international consultancy of 5 weeks in 2013.   
 

Any plans will also relate to 2.3.2 for the maintenance of the buildings and related civil works, 
and to 2.6.3 for the data transmission system from the radio-sonde stations to the weather 
network.   

Part B:   

Phase 1:  A recommendation for the type of equipment necessary to replace the obsolete 
hydrogen generation equipment.   

An international consultancy of 1 week in 2012 to produce specifications for a solicitation 
document. 

Phase 2: Contract for the supply, installation, and training for new hydrogen generation 
equipment for the 11 or more sites that will require them according to the specifications from 
Phase 1. 

Notas: 
Although the MoMet diagnostic report of 2010 recognized the importance of the hydrogen 
generators, the initial MoMet budget did not include them.  They are however, essential to 
maintaining a weather monitoring system in SMN.  The funds for this must come from savings 
elsewhere. 

2.3.2 Actividad:  Mantenimiento de obras civiles. 
The upper air stations were constructed in the 1970s and have not been adequately maintained 
since then.  This has reduced the reliability of providing data and, with the presence of explosive 
hydrogen gas, is dangerous.  There are safety standards to meet from various agencies 
including (Secretaría del Trabajo y Previsión Social (STPS), and Dirección General de Gestión 
Integral de Materiales y Actividades Riesgosas (DGGIMAR). 

Resultado 2.3.2.1:  
Mantenimiento y rehabilitación de instalaciones. 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.40   $0.40         A   

 
Método:  
Phase 1: An international consultancy of 2 weeks to provide a comparison of existing facilities to 
the international norms for radio-sonde stations with a visit by SMN upper air staff to an upper-
air station in the USA.  Provide recommendations for modifications.  Scheduled for early in 2013. 

Phase 2: A national contract to a company experienced in explosive gas sites to review all 
stations for conformity to national safety standards and provide prioritized plans and cost 
estimates for necessary upgrades.   

Phase 3:  Review by MoMet and SMN management of the recommendations from Phases 1 and 
2 to determine which recommendations to act upon. 
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Phase 4: Contracts to local companies to do priority upgrades within remaining budget and 
obtain the necessary safety certifications. 

Notas: 
Any maintenance plans will also relate to 2.3.1 for the operational strategy for the stations, to 
2.6.3 for the data transmission system from the radio-sonde stations to the weather network. 
This activity may be triggered in 2012 if the hydrogen generators of 2.3.1 require changes in the 
facilities and/or government safety certificates. 

2.3.3 Actividad:  Mejoramiento de 3 Estaciones terrenas para recepción de imágenes 
GOES. 

This activity relates to the 8 receiving stations with satellite dishes that receive image data from 
the GOES satellite, the NOAA polar satellites and the EUMETSAT system.   To be able to 
provide better forecasts and the new range of products to be provided by MoMet, upgrades to 
the software and hardware are required. 

Resultado 2.3.3.1:  
Modernizar las estaciones actualmente en operación 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

3 $0.47 $0.09 $0.09 $0.28       B   

 
Método:  
Phase 1: Upgrade three satellite imagery receive sites as below. 

Part A: The GOES West receiver at Observatorio which is currently out of service, will be 
upgraded through contracts to receive the GOES 13-15 signals.  Provided through a supply and 
install contract that may be combined with Part B. 

Part B: The GOES East receiver at Organismo de Cuenca de Aguas de Valle de México which 
is currently out of service, will be upgraded through contracts to receive the images from the new 
generation of GOES satellites.  Provided through a supply and install contract that may be 
combined with Part A. 

Part C:  The TIROS-N/NOAA polar receiving system, last upgraded 7 years ago, will receive a 
complete upgrade in 2012 through a supply and install contract. 

Phase 2:  The SMN imagery group will review data and information requirements that will come 
from the design of the regional centers and will prepare a plan for additional satellite imagery 
receive sites to serve the regional centers and to act as backup to the GOES image receivers in 
Ciudad de Mexico. 

Phase 3:  Up to three new receive sites at regional centers will be put into service by through 
supply and install contracts up to the budgetary limit of US$ 470,000 for this MoMet activity.  
This is unbudgeted in the MoMet plan. 

Notas: 
The new technologies available from this result will require training under Componente 1.  The 
data traffic from these receivers will have to be considered in the planning for the 
telecommunication network. 
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2.3.4 Actividad:  Desarrollo de aplicaciones de imágenes de satélites 
This activity relates to the 8 receiving stations with satellite dishes that receive image data from 
the GOES satellite, the NOAA polar satellites and the EUMETSAT system.  With recent 
upgrades in the SMN forecasting section to software systems and with improvements to the 
receiving stations and telecommunications under other activities, the tools will be available for 
new products.  To be able to provide better forecasts and the new range of products to be 
provided by MoMet, applications must be developed. 

 
Resultado 2.3.4.1:  
Incrementar el aprovechamiento de la información satelital del GOES y otros satélites 
orientados al medio ambiente. 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.57 $0.11 $0.11 $0.34       C 1 

 
Método:  
Phase 1: The SMN team working in developing new applications of the satellite images will 
formalize their plans by mid 2012 for new applications taking into consideration the requirements 
for the Regional Centers and the pilot projects of Componente 4 and the forecasting plans of 
Componente 3.  This could include forest fire detection and monitoring, real-time precipitation 
estimates, climatological reports, volcanic ash monitoring, air quality, vegetation indices, soil 
moisture measurements, etc.  The plans should be developed with the input of potential users.  

Phase 2: A review of the proposed plans by an international expert (one week consultancy), 
CONAGUA management, and MoMet project implementation team to set priorities for the 
various applications. 

Phase 3:  To carry out the projects, some hardware and software will be required.  This would 
include digital image storage banks (hard drives), computer workstations, and miscellaneous 
software.  The hard drives are required in 2012 for image storage for climatic studies.  The other 
materials would be purchased as required for the applications as they are developed. 

Phase 4:  The new applications will be developed largely by SMN through training and in-house 
development with some consultancy.  The training will be specific to the application being 
generated and be provided at external training centers, by on-the-job training with experts, 
and/or by training assignments in foreign meteorological centers. 

Phase 5:  As each application is developed, the SMN group will put it into operation complete 
with providing user training (through the National Training Centre) to forecasters, Regional 
Centers users and other potential users, and provide documentation for the Centro de 
Documentación.  

Notas: 
This activity relates to 2.3.3.1 to take advantage of the new images provided by the new receive 
sites.  Each application developed will require a separate plan and resourcing within Phase 3, 4 
and 5 above. 
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3.16 2.4 Subcomponente: Red hidrometeorológica de referencia 

CONAGUA operates 1414 hydrometric stations that measure the levels and flows of rivers, 
lakes and reservoirs of which 33 are automatic stations just that measure level and 142 are 
hydroclimatological automatic stations that measure level and climatic parameters such as wind, 
temperature, and precipitation.  Because severe weather affects the population through its 
effects on flooding and droughts, the surface water monitoring network must be linked to the 
weather and climate monitoring networks and the forecasting systems. 

2.4.1 Actividad: Estaciones hidro-meteorológicas nuevas en sitios prioritarios 
The existing network of the hydrometeorology stations, which are to provide a long-term dataset 
for reservoir management and flow forecasting, has been reviewed and the stations prioritized 
for an automatic station based on the importance of the station, operational requirements for the 
data, and the likelihood of not maintaining an observer to take manual readings.  The study of 
Annex 7 of the Componente 2 report identified 128 hydromet stations to automate.   

Resultados 2.4.1.1:  
Proporcionar información hidrometeorológica a los Centros Regionales de Pronóstico 
Hidrometeorológico mediante la instalación de una red de referencia 

Presupuesto:  
Cantidad Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

128 $4.93 $0.49 $1.97 $2.46       B   

 
Método: 
Phase 1:  Because the sensor selection and design of water level monitoring stations is very 
much a function of the individual site, a site-by-site design study is required considering, 
amongst other factors, the main purpose of the station, the water level range, and the hydraulic 
control.  Consultancy of 3 months to lead a CONAGUA team to visit each of 128 sites and 
prepare design specifications.  Occurs in 2012 

Phase 2:  Contract for the supply, installation and maintenance of 128 hydromet stations to the 
specifications of Phase 1 and under the supervision of the Phase 1 CONAGUA team.  Includes 
training of the local Organismo de Cuenca staff in the operation of the stations and the addition 
of the stations to the telemetric receiving system. 

Notas:   
This type of planning is also needed for the hydromet stations for the pilot projects of 
Component 4. 

3.17 2.5 Subcomponente: Redes complementarias 

The initial planning stages for MoMet considered expanding the monitoring networks to include 
global radiation, visible radiation, ultraviolet radiation, lightning, and air quality.  Only the 
lightning detection network will be included in the project.  Some of the technologies for the 
complimentary networks will be investigated in a test program.   
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2.5.1 Actividad: Instalación  de una terminal para detección de rayos. 
The Mexican electrical utility, CFE, does operate a lightning detection network as a component 
of their operations.  As an indicator of thunderstorms to assist in weather forecasting and as an 
additional factor to include in weather warnings, a lightning monitoring system is a worthwhile 
addition to a modernized SMN.  

Resultados 2.5.1.1:  
Adquisición de receptora 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.36   $0.36         B   

 
Método: 
Phase 1:  Negotiations to be held with CFE to investigate the possibility of operating an 
integrated shared network of lightning detectors.  This is an SMN activity occurring in 2012 at no 
cost to MoMet. 

Phase 2: The supply and installation of a lightning detection system in SMN, the scope of which 
would be dependant upon the results of the negotiations with CFE, but as a minimum a 
receiving station and the feed of data to SMN forecast systems.  A contract for supply, 
installation, and training in 2013. 

Phase 3: Modification of the forecast and warning systems in SMN to accept and use the 
lightning information.  As this may require the purchase of software and consultancy, the amount 
for this should be estimated and set aside from the budget of US$360,000 for this activity. 

Notas: 
Ten detectors could cover a significant fraction of the country.   

2.5.2 Actividad: Programa de pruebas piloto de tecnologías nuevas 
New technologies enable a monitoring program to improve additional parameters in more cost 
effect and accurate manners.  It is critical that an organization has some familiarity with new 
technologies to evaluate their application to the local situation and determine their value 
independently of a supplier’s opinion.  This activity provides a budget to try new technologies 
and do side-by-side comparisons. 

Resultados 2.5.2.1:  
Estudio y pruebas de sensores 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.10   $0.02 $0.02 $0.02 $0.02 $0.02 C   

 
Método: 
Annual Phases for the SMN test group 
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Phase 1: Provide to the MoMet implementation team an annual proposal for a test program for 
the next year.  MoMet budget averages US$ 20,000/year 

Phase 2: Purchase, test and evaluate equipment with technologies new to SMN. 

Phase 3: Document the test activities, results, and conclusion and disseminate to SMN and the 
Centro de Documentación. 

Notas:  
Example new technologies: Using GPS to estimate water vapor and precipitation in the air, 
measuring level by laser, air quality observations. 

3.18 2.6 Subcomponente: Mejora del sistema de telecomunicaciones del  SMN. 

The telecommunication requirements for SMN have grown rapidly in the past few years as 
processes were automated and computerized and the expectations for digital data have grown.  
This latest modernization of the meteorological service will again severely increase the load on 
the telecommunication system.  MoMet will ensure that the telecommunication system will keep 
up with demand. 

2.6.1 Actividad: Estudio para verificar los medios de comunicación para garantizar la 
transmisión de datos en línea al costo menor. 

The telecommunication systems includes: the one and two way data transmission between 
automatic sites and their receiving stations; communication between receiving stations, 
processing centers and offices; data movement within offices; and  to the users.  The 
technologies include Internet, satellite, microwave, fiber optic, radio, etc, etc.   

CONAGUA has a wide telecommunications network covering 300 locations along the country.  
Ten thousand nodes are connected through this network that is centralized in Mexico City. This 
network is mostly used for internal business communications. The main application is the 
electronic mail system that carries approximately 30 million messages monthly. 

SMN, as a part of CONAGUA, is connected to this network, mostly for business communications 
with CONAGUA’s partners. On the other hand, SMN needs to include two way communications 
with external partners like international weather service institutions, meteorological centers, 
universities and investigation centers. In fact, SMN has requirements two different networks: 

The first is an institutional network, used to allow communication with partners in and outside of 
CONAGUA. This is a closed network to protect business security. SMN needs are for more open 
communications network since SMN receives information from sources outside the country and 
shares information with international observatories and meteorological centers. These 
communications generate risks that are not easily accepted by the CONAGUA network. 

The other network is  used to transfer data captured by radars, automatic stations, satellite or 
other media that flow from faraway places where they are acquired, to local and central offices 
where they will be eventually processed. All kind of protocols are used in this network and it 
looks more as a point-to-point connection than as a real network. 

Communications in Mexico are expensive and limited. Coverage is mostly for medium and large 
cities but in many cases it doesn´t get to small towns or remote points where observatories and 
automatic stations are located. 

Internet services are provided by three main organizations that are supposed to provide total 
coverage around the country. Those companies are Telcel, Movistar and Iusacell. Telcel has 
over 66 million users in Mexico and is the leader in Mexican market with about 70% of total 
market; Movistar, a subsidiary of the Spanish company Telefónica has about 21 million users 
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(25% of total Mexican market); the third competitor, Iusacell is very small, with a market share of 
about 4% but technically more advanced than its larger competitors. 

Telcel covers about 63% of Mexican territory and provides 3G coverage. Iusacell is now 
committed to 4G service and covers more than 80% of the country. Telcel is  CONAGUA’s  
internet service provider for the 2012-2014 timeframe. 

An in-depth study of SMN’s needs has to be conducted in order to assure network coverage for 
future requirements and to be in line with plans for implementation of data gathering devices 
along the country. At present time, many observation places lack communications facilities and 
data has to be manually captured and sent to central offices via paper communications. This 
data, when processed, becomes more of a historical data than a forecasting tool. 

Resultado 2.6.1.1:  
Revisión del sistema de telecomunicaciones del SMN en función de proyecciones de tráfico de 
información y las necesidades de transmisión en línea. 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.21 $0.11 $0.11         C   

 
Método: 
Phase 1:  Telecommunications expert with input from a WMO telecom expert and from 
CONAGUA and SMN telecom groups to develop the terms of reference and solicitation 
documents for the contract for Phase 2.  To occur early in 2012. 

Phase 2: Consulting company with broad expertise in telecom to conduct a study with the 
following components: 

• Categorize and measure existing telecom technologies and traffic volumes. 
• Estimate future telecom requirements for timeliness, reliability, and volume. 
• Evaluate appropriateness of alternative telecom technologies, microwave, smart phone, 

social media, etc. 
• Evaluate impact of telecom administrative policies, e.g. firewalls and procurement 

procedures. 
• Provide recommendations for enhancement of the telecom network to 2017, including 

but not limited to the; 
o 8 regional meteorological offices 
o 17 or more radio-sonde stations 
o 13 or more radar stations 
o 79 meteorological observatories 
o 13 Organismos de Cuenca 
o automatic station networks 
o SMN offices including GASIR and CONAGUA. 

The consulting company is to work with CONAGUA´s experts in the definition of the 
requirements and network capabilities and finding solutions within the CONAGUA system.  
Starts in 2012 and concludes early in 2013. 

Notas: 
This activity will require input from every other activity that adds to the telecom traffic.  This 
activity has to be conducted in line with CONAGUA’s network requirements 
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Activity 2.2.1 includes a review of the telecom options for the telemetric stations. 

2.6.2 Actividad: Adquisición adicional de equipo para telecomunicaciones 
Telecommunications needs are at present, certainly not covered. There are about 3000 
automatic stations installed in the country and many of them are not connected to the SMN’s 
network. These needs will be increased as new regional centers are installed over the 2012-
2013 timeframe, and one of the largest new loads will be the telecom requirements of the new 
regional centers as they develop a full suite of data acquisition, processing and dissemination 
systems from the ground up.   

Comisión Federal de Electricidad, has developed a full optical fiber network covering most of the 
country and more specifically, large cities and medium size towns. This can be a solution for 
connection in the local networks. 

The acquisition of telecommunications equipment has to be synchronized with CONAGUA’s 
network programs since whole network needs are a responsibility of this partner. Negotiations 
have to be clearly defined, in order to be included in CONAGUA’s growth plans for next 5 years.  
In fact, network needs for first three regional centers have been shared with CONAGUA’s 
partners in order to ensure bandwidth availability for centers needs.   

 
Resultado 2.6.2.1:  
Instalación de equipo en las redes  de proyectos piloto 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.39   $0.39         B   

 
Método: 
Part A: Following a standardized plan customized to each of 5 regional center’s specific 
requirements, have CONAGUA’s telecom staff contract to local companies to supply, install, 
configure, and maintain the office’s internal and local telecom requirements.  Solicitation 
documents to be produced by SMN staff working with CONAGUA’s staff to integrate it to 
CONAGUA’s network policies and practices.. 

Part B: Have CONAGUA’s staff to Contract to a company to supply, install, configure, and 
maintain the required telecom equipment between the centralized data centers, such as 
Observatorio, and each regional center.  Solicitation documents to be produced by SMN staff. 
working with CONAGUA’s staff to integrate it to CONAGUA’s network policies and practices. 

Notas: 
There will be several separate contracts to do this work.  The MoMet implementation team will 
be required to plan, initiate, and manage the contracts.  Background information and general 
planning for this activity to be provided by activity 2.6.1 

2.6.3 Actividad: Mejora del sistema de telecomunicaciones de las redes de altura del  
SMN. 

The existing telecom technologies transmitting the data from the radio-sonde stations and from 
the weather radars is currently slow and unreliable - often losing data.  With new data products 
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from the radars it is imperative that the telecom between radars and the central system be 
upgraded. 

 
Resultado 2.6.3.1:  
Instalación de equipo en red de radiosondeos y radares del SMN 

Presupuesto: 
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$0.29   $0.29         B   

 
Método: 
Part A: Contract to companies to supply, install, configure, and maintain the required telecom 
equipment and service for the radio-sonde stations, including to the world weather center in the 
US. 

Part B: Contract to companies to supply, install, configure, and maintain the required telecom 
equipment and service for weather radars. 

Notas: 
There will be several separate contracts to do this work.  The MoMet implementation team will 
be required to plan, initiate, and manage the contracts.  Background information and general 
planning for this activity to be provided by activity 2.6.1.  The scheduling for the radars would be 
dependant upon activities 2.1.3.1 and 2.1.3.2 

2.6.4 Actividad: Mejora del sistema de telecomunicaciones del  SMN. 
Aside from the regional centers and upper air telecom activities covered above, 
telecommunication for the rest of SMN requires upgrading to more effectively handle the existing 
load and to handle the traffic for the new data and products being planned in other MoMet 
projects. 

CONAGUA telecomm experts have been interacting with SMN in the definition of future SMN 
requirements that have to be included in strategic programs. It is evident that new forms of 
communication have to be developed if SMN requirements will be included in CONAGUA 
network.   

Resultado 2.6.4.1:  
Instalación de equipo en la red interna de datos del SMN 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$1.20   $0.24 $0.24 $0.24 $0.24 $0.24 B   

 
Método: 
With the interaction and guidance of CONAGUA telecomm experts, contract to companies to 
supply, install, configure, and maintain the required telecom equipment and service within and 
between the CONAGUA offices, including GASIR, SMN, regional and State, offices, 
observatories and the MCH and SIH databases. 
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Notas: 
There will be several separate contracts to do this work.  The MoMet implementation team will 
be required to plan, initiate, and manage the contracts.  Background information and general 
planning for this activity to be provided by activity 2.6.1.   

Resultado 2.6.4.2:  
Instalación de equipo en la red externa de datos del SMN 

Presupuesto:  
Costos 

Mill USD 
2012 2013 2014 2015 2016 2017 CAT OMM 

$1.20   $0.24 $0.24 $0.24 $0.24 $0.24 B   

 
Método: 
With the interaction and guidance of CONAGUA telecomm experts, contract to companies to 
supply, install, configure, and maintain the required telecom equipment and service to deliver 
data to users by Internet broadcast and other methods such as SMS and smart phone apps.  
Different companies will be contracted for the different technologies when the products for those 
technologies are available. 

Notas: 
There will be several separate contracts to do this work.  The MoMet implementation team will 
be required to plan, initiate, and manage the contracts.  Background information and general 
planning for this activity to be provided by activity 2.6.1.   
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Annex 3 – Commentary on Hydrologic Calibration of Weather Radars 

The MoMet activity 2.1.2 for the hydrologic calibration of the weather radars is budgeted at US$ 
3,250,000 or US$ 250,000 for each radar. 
 
The calibration is to determine the relationship between the reflectivity Z , i.e. the strength of the 
radio signal bounced back from the rain, and R, the amount of rainfall at the ground.  It is given 
in a Z-R power relationship    Z= a R n  

where a and n are developed empirically. 
 
The hydrologic calibration assumes that the radar is electronically calibrated such that a given 
target provides a certain signal.  The hydrologic calibration is of how a signal representing a 
certain distribution and size of drops at altitude in the air represents rain on the ground.  The 
relationship varies from location to location, season to season, and even from storm to storm.  
Consider for example the rain events in the desert areas where the eye (and radar) can see rain 
falling from a cloud but it evaporates before it reaches the ground (and rain gauge). 
 
A little Internet research has found the following. 

• Studies deriving a Z-R relationship are conducted by research agencies looking at 
different analytical methods and storm events.  Many studies have been done around the 
world. 

• The US in their standard radar program WSR-88D uses standard coefficients (Z = 300 R 
^ 1.4) switching for different storm types such as to Z = 250 R ^1.2 for tropical storms. 

• Another technique is to rely on real-time adjustment from rain gauges. 
• For climatic purposes, accumulated radar amounts are adjusted after the fact using the 

rain gauge data. 
• The dual-polarization radars that SMN is upgrading have much less error in the rainfall 

calculations. 
 
Vaisala’s IRIS radar software has a Hydromet option that provides for automatic adjustment of 
rainfall estimates based upon selectable Z-R relationships and input from a telemetric rain gauge 
network.  E-mail correspondence with Vaisala has indicated that expensive Z-R studies may not 
be worth the cost. 
 
A NOAA paper “WSR-88D Radar Rainfall Estimation: Capabilities, Limitations and Potential 
Improvements” (http://www.srh.noaa.gov/mrx/research/precip/precip.php)   by Steven M. Hunter 
discusses the following items as areas for improvement of radar precipitation estimates; tilt test 
modification, bi-scan modulation, radar calibration, hail threshold, averaging methods, modified 
hydrid scan/elevation angles, gauge data support system, Z-R relationship (DSD variation), 
bright band corrections, AP corrections, gauge data adjustment techniques, and vertical 
reflectivity profile corrections.  This merely indicates that a Z-R calibration alone may not provide 
the rainfall estimates required for the hydrologic flow forecasting models that are expected in 
other MoMet activities. 
 
Dr. Michel Rosengaus corresponded with several radar experts who offered their opinions 
repeated below.   
 
From the School of Meteorology, National Weather Service, Oklahoma, USA 

Fundamentally, there are four things that should be considered for reflectivity-based 
approaches: 

(1) Quality control of both R and Z used to build a Z-R relation,  
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(2) robustness of the quality controlled rain gauge and radar data used to build a 
climatological Z-R relation for a given site, 

(3) partitioning of the data base into operationally useful (i.e. implementable) 
classifications, & 

(4) steadiness of the assumptions inherent in converting Z to R (mostly radar 
hardware related). 

 
Rather than a using stated time frame, consider #3 and collect enough hours of data 

in each category to form a statistically useful relationship.  Do you want to use different Z-
Rs for convective vs stratiform?  How about tropical cyclone vs orographic?  Land-sea 
breeze versus easterly wave complexes? 

 
A temporary network of well maintained 25 gauges may be enough and would 

certainly be better than 50 gauges placed out and not maintained.  We tried to deploy just a 
dozen gauges and I was amazed at the level of effort needed to keep them working 
properly. 

 
The NWS in the US attempted to conduct dynamic bias adjustments using a subset of 

gauges that feed directly into the radar product processor (not signal processor).  They 
found that the bias adjustment was not very steady and opted to not implement that 
strategy on a national scale.  Currently, they employ a suite of Z-R relations based on 
different climatological zones (tropical, convective, high cloud base precip and orographic). 
 The software system they use can accumulate rainfall based on several relations and 
display the result for the forecaster to examine.  That way, a trained person can make 
informed choices on which rain map is most likely correct without trying to build in too much 
sophistication in the Z-R relation itself. 

 
I do know that the NWS does maintain a strong gauge network and archives the data. 

 I believe they use the gauge data to perform seasonal bias adjustments.  Hence, the 
dynamic adjustment is from a highly filtered (time averaged) bias and not volume to volume 
or hour to hour. 

 
Disdrometer data can be quite useful in helping to explain unusual events and to find 

long-term systematic bias in radar performance.  For instance, sometimes the radar techs 
will adjust the transmit power or repair a radar and not take into account the new system 
loss/gain.  Receiver calibrations do not catch transmitter problems very often.  Hence, a 
quality disdrometer can be useful for long-term maintenance/support of the hydrological 
mission.  It might not do well to implement it on a routine operational time-scale in a 
dynamic bias adjustment. 

 
Some other comments: 
 
C-band radars, as you know, attenuate quite significantly.  A site-specific 

climatological Z-R will account for attenuation in a statistical sense.  But it will not always 
work on a case-by-case basis.  You may need to consider wether or not attenuation is an 
issue best addressed upfront (some sort of correction applied before converting Z to R) or 
left as part of the average bias captured by a robust Z-R. 

 
Also, dual-polarimetric radar has shown promise in two important areas for radar 

hydrology: removal of clutter and non-meteorological echo using correlation coefficient, and 
attenuation correction using differential phase.  At C-band there are resonance challenges 
in areas of large (~ >4 mm diameter) rain drops and the correction coefficients themselves 
are drop-size-distribution (DSD) specific, though to a much less degree than standard Z-R 
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relations.  Z&ZDR-to-R relations appear to be better at estimating rain, as long as you can 
correct ZDR (again using differential phase) if you are implementing C-band network. 

 
The NWS radars are all being upgraded to dual-polarimetric and the rainfall 

estimation will be Z&ZDR.  It's much, much easier at S-band. 
 
Finally, Mexico City and many places in Mexico have terrain that limits the effective 

range of large, high-power radar systems.  You might want to consider a denser network of 
cheaper, smaller (larger beamwidth), lower-power X-band radars in mountainous regions. 
 OU, along with other universities, have been working on collaborative system approaches, 
where failure of one mode (radar) causes the other radars to change their operating 
characteristics (say lower PRF) to cover that area automatically.  There are many facets to 
collaborative networks (including automated attenuation correction methods, automatic 
calibration bias checks) that may be worth considering if you are going to completely 
redesign the infrastructure in Mexico.  Many of these technologies are beyond the test/trail 
stage and ready for implementation.  

 
From the Department of Astronomy and Meteorology, University of Barcelona, Spain   

Creo que la propuesta actual de realizar una calibración estática (digamos OPCIÓN 
A) con una red de pluviógrafos, más amplia que la red que quedará luego disponible, es 
un procedimiento realizado anteriormente en otras instalaciones radar y de entrada no es 
una mala opción. 

 
Para valorar si la opción de calibración estática es mejor que la disponer de una red 

permanente de pluviógrafos más extensa (OPCIÓN B), entiendo que debería 
considerarse el coste distinto de cada opción; por ejemplo el coste anual de mantener los 
pluviógrafos adicionales que supone la OPCIÓN B y el ahorro que supone eliminar 
pluviógrafos adicionales durante 1 año. Además de esta consideración general, creo que 
debe analizarse el caso particular de cada instalación radar. Por ejemplo no es lo mismo 
un radar operando en una zona aproximadamente llana, con buena cobertura, que un 
radar en zona montañosa probablemente con problemas de bloqueo topográfico. 
Posiblemente en este segundo caso la OPCIÓN B pueda ser más adecuada. 

 
Por otro lado el procedimiento aplicado en España varía según la entidad que opera 

el sistema radar. Así se dan diversos casos:   
operación con relación Z-R fija tras período de calibración inicial; operación con 

ajustes locales tanto de la Z-R como de un cierto factor de calibración (dB) respecto al 
nivel de potencia del radar (que de hecho equivale a usar una Z-R distinta), revisado 
periódicamente; así como de post-procesamiento avanzado utilizando datos de 
pluviógrafos en tiempo real. 

 
Finalmente, respecto la mejora que suponen los radares polarimétricos, sin duda 

tienen prestaciones prometedoras demostradas ampliamente en el campo de la 
investigación y lentamente se están implantando en entornos operacionales. No obstante 
también es cierto que algunos de los algoritmos usados para estimar la precipitación 
requieren un nivel de calidad (precisión, estabilidad) del dato radar superior al requerido 
para las aplicaciones tradicionales de polarización simple.   

En cualquier caso creo que estas mayores capacidades no afectan sustancialmente 
el equilibrio entre la OPCIÓN A y B - más bien creo que la ubicación del radar pesa más 
como comenté más arriba. 
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WMO is preparing a document on “Standardisation and Requirements for Calibration and 
Maintenance of Weather Radars” for the 2010-2013 intersession.  The progress of this project 
should be monitored. 
 
In any case, if a Z-R relationship (or field of relationships for different seasons and event types) 
is calibrated for one or more SMN radars can not those relationships be transferred to other 
nearby radars? 
 
Recommendation:  The issue of producing rainfall estimates from weather radars requires 
some research and planning before contracts can be let for the hydrologic calibration of the 
entire weather radar network.   
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Annex 4 – Proposed Automatic Stations 

The following lists of stations are from  

 

ANEXO 7 Red de estaciones automáticas  EMA y ESIME Propuesta 

of the MoMet report, 

 

P126487: “Modernizing the National Weather Service to Address Variability and 
Climate Change in the Water Sector in Mexico” under preparation 

By 
Guillermo Enrique Ortega Gil 

Dated November 2011 
 
 
 
 
 
 

These lists do not include the stations proposed for the protected natural areas nor the stations 
proposed for the pilot projects for the regional centers. 
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41 Synoptic stations identified as priority sites 
 
   Synoptic stations       
ORDEN LONGITUD LATITUD NOMBRE EDO 

1 -90.50 19.8 CAMPECHE  CAMP 
2 -99.50 17.55 CHILPANCINGO GRO 
3 -111.60 25.00 CIUDAD CONSTITUCION (OBS) BCS 
4 -103.47 19.70 CIUDAD GUZMAN JAL 
5 -94.40 18.10 COATZACOALCOS VER 
6 -103.25 22.13 COLOTLAN JAL 
7 -92.13 16.25 COMITAN CHIS 
8 -104.67 24.03 DURANGO DGO 
9 -104.60 24.10 DURANGO (OBS) DGO 

10 -115.20 32.40 EJIDO NUEVO LEON (OBS) BC 
11 -110.80 27.95 EMPALME SON 
12 -116.60 31.90 ENSENADA (OBS) BC 
13 -99.20 19.70 FES CUAUTITLAN MEX  
14 -103.37 20.67 GUADALAJARA CENTRO JAL 
15 -110.93 29.07 HERMOSILLO SON 
16 -96.90 18.90 CORDOBA (OBS) VER  
17 -105.68 26.92 HIDALGO DEL PARRAL CHIH 
18 -103.20 22.40 HUEJUCAR (OBS) JAL 
19 -101.25 24.37 LA BUFA ZAC 
20 -110.37 24.15 LA PAZ BCS 
21 -101.90 21.30 LAGOS DE MORENO (OBS) JAL 
22 -104.32 19.04 MANZANILLO COL 
23 -97.50 25.90 MATAMOROS (OBS) TAMPS 
24 -106.40 23.23 MAZATLAN SIN 
25 -100.30 25.70 MONTERREY (OBS) NL 
26 -109.60 30.30 NACOZARI (OBS) SON  
27 -98.73 20.12 PACHUCA HGO 
28 -98.20 19.10 PUEBLA (OBS) PUE 
29 -111.80 24.50 PUERTO CORTES (OBS) BCS 
30 -113.50 31.30 PUERTO PEÑASCO (OBS) SON  
31 -100.37 20.57 QUERÉTARO (GERENCIA  QRO.) QRO 
32 -100.00 21.90 RIOVERDE (OBS) SLP 
33 -101.02 25.38 SALTILLO COAH 
34 -92.60 16.70 SAN CRISTOBAL DE LAS CASAS (OBS) CHIS 
35 -112.30 27.30 SANTA ROSALIA (OBS) BCS 
36 -97.90 22.20 TAMPICO (OBS) TAMPS 
37 -107.85 28.95 TEMOSACHIC CHIH 
38 -104.89 21.49 TEPIC NAY 
39 -99.70 19.30 TOLUCA (OBS) MEX 
40 -93.10 16.80 TUXTLA GUTIERREZ (OBS) CHIS 
41 -92.90 18.00 VILLAHERMOSA (OBS) TAB 
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164 Meteorological stations identified as priority sites  
 
   Meteorological stations    
ORDEN LONGITUD LATITUD NOMBRE EDO 

1 -99.42 18.61 HUAJINTLAN MOR 
2 -98.80 18.70 JONACATEPEC MOR 
3 -98.26 18.20 PIAXTLA PUE 
4 -100.94 19.55 AGOSTITLAN MICH 
5 -103.09 20.40 ATEQUIZA JAL 
6 -103.63 18.81 CALLEJONES COL 
7 -101.46 20.32 CASA BLANCA MICH 
8 -98.58 18.52 CHIETLA PUE 
9 -96.95 17.80 CUICATLAN OAX 

10 -100.90 18.50 CAIMANERA MICH 
11 -90.72 19.36 CHAMPOTON CAMP 
12 -102.89 22.00 EL CHIQUE ZAC 
13 -95.56 18.27 GARRO VER 
14 -99.02 19.03 HUITZILAC MOR 
15 -99.48 21.23 JALPAN QRO 
16 -102.00 21.90 LOS CONOS AGS 
17 -102.90 18.80 LOS PANCHES MICH 
18 -101.97 21.92 PALO ALTO AGS 
19 -102.18 21.74 SAN BARTOLO AGS 
20 -105.42 25.04 SANTIAGO PAPASQUIARO DGO 
21 -103.88 18.93 TECOMAN COL 
22 -99.83 18.64 TEPALCINGO MOR 
23 -102.07 22.10 VILLA JUAREZ AGS 
24 -100.84 28.34 ALLENDE COAH 
25 -102.20 22.01 CAÑADA HONDA AGS 
26 -100.28 22.43 CERRITOS SLP 
27 -103.60 19.33 CUAUHTEMOC COL 
28 -100.45 20.54 EL PUEBLITO QRO 
29 -96.83 19.93 MISANTLA VER 
30 -102.18 25.44 PARRAS COAH 
31 -104.05 20.55 RIO AMECA JAL 
32 -102.11 21.89 SANDOVALES AGS 
33 -97.88 22.24 TAMPICO TAMS 
34 -102.87 22.09 TAYAHUA ZAC 
35 -97.96 19.82 TEZIUTLAN PUE 
36 -101.18 20.39 VALLE DE SANTIAGO GTO 
37 -96.59 19.50 ACTOPAN VER 
38 -95.44 18.58 ANGEL R. CABADA VER 
39 -91.91 15.78 AQUEXPALA CHIS 
40 -99.10 16.95 AYUTLA GRO 
41 -98.56 19.59 CALPULALPAN TLAX 
42 -105.11 21.83 CAPOMAL NAY 
43 -100.55 19.70 CIUDAD HIDALGO MICH 
44 -91.76 18.65 EL CARMEN CAMP 
45 -99.40 18.80 EL RODEO MOR 
46 -105.96 25.93 GUANACEVIT DGO 
47 -97.00 19.03 IXHUATLAN DEL CAFE VER 
48 -99.22 20.48 IXMIQUILPAN HGO 
49 -96.20 17.87 JACATEPEC OAX 
50 -95.03 17.43 JESUS CARRANZA VER 
51 -93.56 16.70 LAS FLORES CHIS 
52 -97.10 19.65 LAS VIGAS DE RAMIREZ VER 
53 -97.05 20.07 MARTINEZ DE LA TORRE VER 
54 -96.55 19.35 RINCONADA VER 
55 -100.52 21.30 SAN LUIS DE LA PAZ GTO 
56 -103.11 22.93 SANTA ROSA ZAC 
57 -102.58 21.45 TEOCALTICHE JAL 
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   Meteorological stations    
ORDEN LONGITUD LATITUD NOMBRE EDO 

58 -99.98 17.79 TLACOTEPEC GRO 
59 -95.70 18.08 VILLA AZUETA VER 
60 -97.96 20.28 XICOTEPEC DE JUAREZ PUE 
61 -100.43 17.21 ATOYAC GRO 
62 -110.24 30.60 BACANUCHI SON 
63 -105.07 20.03 CAJON DE PEÑA JAL 
64 -96.46 18.74 CAMELPO VER 
65 -104.75 24.50 CANATLAN DGO 
66 -96.37 19.36 CARDEL VER 
67 -96.66 19.36 CARRIZAL VER 
68 -104.12 26.52 CEBALLOS DGO 
69 -98.88 19.48 CHAPINGO MEX 
70 -93.10 16.93 CHICOASEN CHIS 
71 -100.66 18.36 CIUDAD ALTAMIRANO GRO 
72 -103.52 25.53 CIUDAD LERDO DGO 
73 -97.03 19.07 COSCOMATEPEC VER 
74 -103.47 25.54 COYOTE COAH 
75 -103.70 24.87 CUENCAME DGO 
76 -99.21 19.30 DESVIACION ALTA DF 
77 -110.74 29.47 EL CAJON SON 
78 -97.65 19.32 EL CARMEN TEQUEXQUITLA TLAX 
79 -102.00 22.02 EL NOVILLO AGS 
80 -96.16 19.07 EL TEJAR VER 
81 -105.14 20.89 GAVIOTAS NAY 
82 -104.75 23.96 GUADALUPE VICTORIA DGO 
83 -107.23 25.34 GUATENIPA SIN 
84 -92.40 15.00 HUEHUETAN CHIS 
85 -96.55 19.40 IDOLOS VER 
86 -94.67 17.95 JALTIPAN VER 
87 -92.14 18.09 JONUTA TAB 
88 -101.00 18.45 LA CALERA GRO 
89 -106.90 23.92 LA CRUZ SIN 
90 -103.28 25.07 LA FLOR DGO 
91 -98.91 19.58 LA GRANDE MEX 
92 -109.55 23.58 LA RIBERA BCS 
93 -99.22 19.57 LAS ARBOLEDAS MEX 
94 -109.00 25.80 LOS MOCHIS SIN 
95 -99.55 24.57 MAGUEYES TAMS 
96 -103.85 25.82 MAPIMI DGO 
97 -99.22 20.24 MIXQUIAHUALA HGO 
98 -99.22 19.48 MOLINO BLANCO MEX 
99 -89.28 21.08 MOTUL YUC 

100 -89.71 20.49 MUNA YUC 
101 -96.87 19.65 NAOLINCO VER 
102 -104.11 25.23 NAZAS DGO 
103 -98.74 17.78 OLINALA GRO 
104 -98.43 16.68 OMETEPEC GRO 
105 -94.40 16.50 OSTUTA OAX 
106 -89.39 20.29 OXKUTZCAB YUC 
107 -97.53 19.70 OYAMELES PUE 
108 -98.90 24.05 PADILLA TAMS 
109 -99.83 21.65 PEDRO MONTOYA (SAN CIRO) SLP 
110 -104.66 24.24 PEÑA DEL AGUILA DGO 
111 -103.82 19.27 PEÑITAS COL 
112 -107.78 25.08 PERICOS SIN 
113 -88.95 19.96 PETO YUC 
114 -112.12 30.70 PITIQUITO SON 
115 -114.73 32.70 PRESA DERIVADORA MORELOS BC 
116 -99.39 19.83 PRESA TAXHIMAY MEX 
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   Meteorological stations    
ORDEN LONGITUD LATITUD NOMBRE EDO 

117 -91.97 15.85 PUENTE CONCORDIA CHIS 
118 -100.00 21.93 RIO VERDE SLP 
119 -91.20 18.90 SABANCUY CAMP 
120 -101.12 27.84 SABINAS COAH 
121 -98.87 22.78 SACA DE AGUA TAMS 
122 -105.44 25.23 SALOME ACOSTA DGO 
123 -98.91 19.53 SAN ANDRES (TEXCOCO) MEX 
124 -100.57 25.27 SAN ANTONIO DE LAS ALAZANAS COAH 
125 -98.60 21.17 SAN FELIPE ORIZATLAN HGO 
126 -102.50 21.30 SAN GASPAR DE LOS REYES JAL 
127 -100.47 17.14 SAN JERONIMO GRO 
128 -98.20 19.55 SAN JOSE ATLANGA TLAX 
129 -99.07 19.47 SAN JUAN DE ARAGON DF 
130 -102.98 25.76 SAN PEDRO COAH 
131 -104.29 25.95 SANTA MARIA DEL ORO DGO 
132 -101.07 20.30 SANTA RITA GTO 
133 -104.67 23.87 SANTIAGO BAYACORA DGO 
134 -95.18 18.45 SIHUAPAN VER 
135 -106.25 23.35 SIQUEROS SIN 
136 -101.00 22.20 SOLEDAD GRACIANO SLP 
137 -97.39 18.46 TEHUACAN PUE 
138 -95.60 16.42 TEQUISISTLAN OAX 
139 -99.40 17.57 TIXTLA GRO 
140 -103.44 26.11 TLAHUALILO DGO 
141 -93.75 16.09 TONALA CHIS 
142 -99.28 19.45 TOTOLICA (HIDROMETRICA) MEX 
143 -116.40 32.24 VALLE DE LAS PALMAS BC 
144 -102.58 22.76 ZACATECAS ZAC 
145 -100.00 27.23 ANAHUAC NL 
146 -99.78 19.46 ATOTONILCO MEX 
147 -98.13 18.90 BALCON DEL DIABLO PUE 
148 -101.24 21.17 CIENEGA DE NEGROS GTO 
149 -102.59 20.26 CUIMATO MICH 
150 -99.28 19.94 EL SALTO HGO 
151 -103.34 21.65 EXCAME III ZAC 
152 -98.75 17.78 IXCATEOPAN DE CUAUHTEMOC GRO 
153 -102.87 19.21 LOS OLIVOS MICH 
154 -103.88 19.11 MADRID COL 
155 -99.36 20.16 PRESA ENDHO HGO 
156 -110.37 28.44 PUNTA DE AGUA I SON 
157 -105.14 21.96 RUIZ NAY 
158 -108.76 26.08 SAN BLAS SIN 
159 -96.11 19.15 TANCOCHAPA VER 
160 -92.47 15.13 HUIXTLA CHIS 
161 -92.80 16.55 ACALA CHIS 
162 -106.65 24.05 ACATITAN SIN 
163 -107.90 30.50 CASAS GRANDES CHIH 
164 -96.40 18.25 TEMASCAL VER 

 



77 

 

OMM/SMN Contribution to Project Implementation Plan (PIP): Components II and IV Ian MCLAURIN 

128 Hydromet stations identified as priority sites 
 
   Hydromet stations       
ORDEN LONGITUD LATITUD NOMBRE EDO 

1 -109.10 27.23 ADOLFO RUIZ CORTINEZ SON 
2 -92.76 16.45 ANGOSTURA CHIS 
3 -99.55 24.23 PEDRO J. MENDEZ TAMS 
4 -102.44 22.24 POTRERILLOS AGS 
5 -96.42 18.23 PRESIDENTE ALEMAN OAX 
6 -100.69 19.62 PUCUATO MICH 
7 -100.67 19.62 SABANETA MICH 
8 -104.05 23.62 SANTA ELENA DGO 
9 -99.21 19.40 TRIANGULO DF 

10 -99.50 18.42 VALERIO TRUJANO GRO 
11 -103.34 21.60 VILLITA ZAC 
12 -101.52 20.43 ABASOLO GTO 
13 -100.72 20.03 ACAMBARO GTO 
14 -101.63 20.50 AGUA TIBIA GTO 
15 -98.15 22.99 AHUALULCO TAMS 
16 -99.27 18.74 ALPUYECA MOR 
17 -99.40 18.60 AMACUZAC MOR 
18 -100.62 20.45 APASEO EL ALTO GTO 
19 -100.68 20.53 APASEO EL GRANDE GTO 
20 -107.54 25.33 BADIRAGUATO SIN 
21 -103.72 22.73 BOCAS JAL 
22 -103.78 21.83 BOLAÑOS JAL 
23 -99.74 24.99 CABEZONES NL 
24 -100.00 25.59 CADEREYTA NL 
25 -99.70 19.33 CALIXTLAHUACA MEX 
26 -91.05 18.18 CANDELARIA CAMP 
27 -92.48 16.31 CASCAJAL CHIS 
28 -108.76 26.60 CAZANATE SON 
29 -100.82 20.53 CELAYA GTO 
30 -101.38 20.00 CERANO GTO 
31 -104.50 21.94 CHAPALAGANA NAY 
32 -102.27 19.97 CHAPARACO MICH 
33 -92.28 15.75 CHICOMUSELO CHIS 
34 -100.16 25.95 CIENEGA DE FLORES NL 
35 -104.57 19.23 CIHUATLAN JAL 
36 -100.90 20.95 CINCO SEÑORES GTO 
37 -109.63 27.42 COCORAQUE SON 
38 -108.30 26.30 COFRADIA SIN 
39 -100.75 20.72 COMONFORT GTO 
40 -100.95 20.48 CORTAZAR GTO 
41 -95.30 18.14 CUATOTOLAPAN VER 
42 -98.90 18.80 CUAUTLA MOR 
43 -101.67 20.62 CUERAMARO GTO 
44 -100.93 21.15 DOLORES HIDALGO GTO 
45 -98.28 18.97 ECHEVERRIA PUE 
46 -101.20 20.90 EL CHAPIN GTO 
47 -101.37 20.73 EL CONEJO GTO 
48 -109.23 29.06 EL CUBIL SON 
49 -100.45 19.97 EL GIGANTE MICH 
50 -102.44 21.78 EL NIAGARA AGS 
51 -101.67 21.17 EL PALOTE GTO 
52 -103.92 22.60 EL PINITO JAL 
53 -104.05 22.58 EL PLATANITO ZAC 
54 -101.00 20.27 EL SABINO GTO 
55 -98.90 19.44 EL TEJOCOTE MEX 
56 -93.13 16.64 GRIJALVA CHIS 
57 -108.09 25.47 GUAMUCHIL SIN 
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   Hydromet stations       
ORDEN LONGITUD LATITUD NOMBRE EDO 

58 -108.30 29.20 GUAPOCA CHIH 
59 -99.33 18.30 HUITZUCO GRO 
60 -101.87 18.77 INFIERNILLO MICH 
61 -101.35 20.68 IRAPUATO GTO 
62 -95.10 16.58 IXTEPEC OAX 
63 -99.77 19.57 IXTLAHUACA MEX 
64 -98.39 18.61 IZUCAR DE MATAMOROS PUE 
65 -108.01 25.90 JAINA SIN 
66 -92.73 15.87 JALTENANGO CHIS 
67 -100.52 20.13 JERECUARO GTO 
68 -99.34 24.94 LA CARRERA NL 
69 -102.67 22.00 LA CODORNIZ AGS 
70 -99.91 20.15 LA CONCEPCION MEX 
71 -93.22 16.49 LA ESCALERA CHIS 
72 -103.33 20.73 LA EXPERIENCIA JAL 
73 -100.87 20.38 LA GAVIA GTO 
74 -101.75 20.43 LA GOLONDRINA GTO 
75 -108.71 28.95 LA GUADALUPE SON 
76 -106.70 25.35 LA HUERTA DGO 
77 -107.98 28.75 LA JUNTA CHIH 
78 -99.21 24.99 LA PAMONA NL 
79 -103.80 20.60 LA VEGA JAL 
80 -99.55 25.40 LAS BRISAS NL 
81 -95.35 18.25 LAUCHAPAN VER 
82 -101.67 21.20 LOS CASTILLOS GTO 
83 -99.40 25.90 LOS HERRERA NL 
84 -103.31 24.63 LOS NARANJOS DGO 
85 -92.60 17.77 MACUSPANA TAB 
86 -101.95 20.50 MARIANO ABASOLO GTO 
87 -99.16 22.12 MICOS SLP 
88 -99.83 25.18 MONTEMORELOS NL 
89 -100.83 20.70 NEUTLA GTO 
90 -99.14 18.52 NEXPA MOR 
91 -99.03 18.92 OACALCO MOR 
92 -98.90 18.90 OAXTEPEC MOR 
93 -101.52 21.63 OCAMPO GTO 
94 -100.76 21.85 OJO CALIENTE SLP 
95 -102.33 19.96 ORANDINO MICH 
96 -92.75 17.39 OXOLOTAN TAB 
97 -99.56 24.86 PABLILLO NL 
98 -109.08 29.43 PASO NACORI SON 
99 -100.03 25.25 RAICES NL 

100 -103.53 22.55 RANCHO DE ENMEDIO ZAC 
101 -100.81 20.53 ROQUE GTO 
102 -102.46 20.21 SAN CRISTOBAL MICH 
103 -102.88 24.32 SAN FRANCISCO ZAC 
104 -100.00 20.36 SAN JOSE QRO 
105 -95.86 17.80 SAN JOSE CHILAPA VER 
106 -91.16 17.79 SAN PEDRO TAB 
107 -107.16 24.81 SANALONA SIN 
108 -101.02 20.40 SANTA JULIA GTO 
109 -92.82 16.94 SANTA MARIA CHIS 
110 -96.55 18.05 SANTO DOMINGO OAX 
111 -105.57 26.08 SARDINAS DGO 
112 -106.98 24.93 TAMAZULA DGO 
113 -99.32 21.68 TANLACUT SLP 
114 -100.75 20.28 TARIMORO GTO 
115 -99.14 18.51 TEMIXCO MOR 
116 -103.92 22.37 TENZOMPA JAL 
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   Hydromet stations       
ORDEN LONGITUD LATITUD NOMBRE EDO 

117 -99.77 25.61 TEPEHUAJE NL 
118 -99.10 18.80 TICUMAN MOR 
119 -99.80 19.33 TRES BARRANCAS MEX 
120 -100.28 19.10 TROJES MEX 
121 -100.10 19.10 VALLE DE BRAVO MEX 
122 -103.44 22.32 VICENTE GUERRERO ZAC 
123 -100.05 19.46 VILLA VICTORIA MEX 
124 -99.19 18.52 XICATLACOTLA MOR 
125 -93.33 17.12 YAMONHO CHIS 
126 -99.20 18.64 ZACATEPEC MOR 
127 -101.93 18.92 ZICUIRAN MICH 
128 -99.50 20.66 ZIMAPAN HGO 
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Annex 5 – Commentary on Meteorological Sensors 

All sensors providing data to the world’s forecasting systems must meet the WMO criteria for 
precision, accuracy, and placement as defined in WMO # 8 “Guide to Meteorological 
Instruments and Methods of Observation” and its revisions.  This is critical for meeting one of the 
projects objectives to reduce the rate of data rejection by the WMO system. 

 

Wind speed and direction sensor 
Three types of wind sensors are possible – propeller and vane, cup and vane, and ultrasonic.  
The ultrasonic sensors have gained wide acceptance and offer improved accuracy (especially at 
low wind speeds) and lower calibration and maintenance costs.  Wind is measured at the 
standard 10m height above ground and SMN proposes to also measure wind at 3 m to provide 
input into the evaporation calculation.  Note that most evaporation equations use wind at 2m 
elevation. 

Air temperature sensor 
Air temperature is sensed electronically with a platinum resister sensor of the type PT100.  The 
PT100 sensors are available in different accuracy classes of which 1/3 class B is commonly 
used for meteorological stations.  For a synoptic station a more accurate 1/10 Din may be 
preferred with 4 wire cabling.  The shielding of the temperature sensor is critical because a poor 
shield can affect the temperature by degrees.  At synoptic stations where power is available, an 
aspirated shield would be preferred and if power is not available, a double shield.  For 
conformity with manual readings, the temperature sensor may be placed within the Stevenson 
screen.  Although it is common to use a combined temperature and humidity probe, there is 
preference for separate sensors because of self-heating effects and because humidity sensors 
require more frequent servicing and calibration than temperature sensors. 

The manual standard is the liquid thermometer. 

Humidity sensor 
Humidity sensors are often contained in a single probe with the temperature sensor but there is 
a rational for separate sensors because of self-heating effects and because humidity sensors 
require more frequent servicing and calibration than temperature sensors.  The humidity sensor 
can saturate in very humid conditions leading to erroneously high values.  In locations where 
long periods of high humidity are expected, a heated and/or fan-aspirated humidity sensor would 
be preferred. 

The manual standard is the sling psychrometer with wet and dry bulb. 

Evaporation 
The world standard is a Class A Pan, as was originally designed by the agricultural department 
in the USA.  It has been automated in various degrees with the addition of temperature, wind, 
and water level sensors, and with automatic filling mechanisms.  An accompanying rain gauge is 
needed to identify rainfall inputs.  For accurate estimation of the evaporation from the storage 
reservoirs behind dams, a floating pan in the reservoir gives much more representative results 
than a pan on dry land and a conversion factor. 

Evaporation can be calculated from the solar radiation, wind, temperature and humidity using 
equations such as Penman but there are several variations to be selected from. 
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Solar radiation sensor 
This sensor is a fixed up-looking sensor in the spectrum of 310 to 2800 nm.  For synoptic 
stations, the accuracy defined as ISO Secondary Standard would be preferred.  As these would 
be located at manned synoptic stations, wipers or blowers would not be necessary for cleaning 
the domes.  Automated cleaning would be required at un-manned stations.  Another common 
solar sensor has two sensors looking up and down to measure net radiation.  A full solar 
radiation station would also have a sun tracking sensor. 

Atmospheric pressure sensor 
At a synoptic station a very accurate barometric pressure sensor is required.  WMO no. 8 
specifies an accuracy and resolution of 0.1 hPa.  The selection of the range for sensors should 
take into account the wide range of altitudes in Mexico.  Selecting different ranges for high 
altitude and low altitude locations can improve accuracy but complicates maintenance.  Of 
critical importance is the selection and use of a pressure port to reduce the effect of wind.   

Soil temperature sensor 
The soil temperature sensor is a waterproof PT100 temperature sensor.  One is buried 
horizontally in the soil at 10 cm depth and the other mounted horizontally 5 cm above with a 
sunshade mounted such that it would not affect the sensor in the soil.  Keep in mind that a 
complete soil temperature sensor suite measures at depths of 5, 10, 20, 50 & 100 cm.  The 
ground surface should be either bare soil or short grass in a 2m by 2m area. [WMO 134  guide 
to agricultural practices. – 2010] 

Soil moisture sensor 
There are many different technologies to select from to measure soil moisture as either soil 
water content or the soil water potential.  It must be decided if the parameter desired is water 
content or water potential.  Soil water content can be measured by neutron scatter or gamma-
ray attenuation but the sensors are not practical for a permanent sensor.  More suitable for data 
loggers are dielectric sensors using time-domain reflectometry or frequency-domain 
measurements.  The Hydra Probe ™ is an example.  The soil water potential can be measured 
using tensiometers, resistance blocks and soil psychrometers.   

Keep in mind that a complete soil moisture sensor suite measures at depths of every 10 cm to 
100 cm.  The ground surface and soil profile should be representative of the surrounding natural 
environment. [WMO 134  guide to agricultural practices. – 2010].  The manual reference 
standard is gravimetric direct measurement.  

Tipping bucket rain gauge 
The tipping bucket rain gauge is to meet the accuracy specification of WMO No. 8 and be of 
orifice size, tip size, and mounting height standard for Mexico.  There should be two additional 
considerations.  Rain gauges for locations where snow is possible and power is available must 
be thermostatically heated.  Rain gauges in areas of intense rain must be calibrated for the 
expected intensities.  The WMO inter-comparison study can provide some guidance.  The gauge 
should be shielded with an Alter shield to reduce the under catch caused by wind. 

Site exposure 
The WMO reference for meteorological observations (WMO #8) states that the value of weather 
observation depends upon the instrument’s exposure to the atmosphere.  In the Annex 1.c to 
WMO #8, WMO provides a form and process for documenting the exposure of a site with the 
recommendation that the site’s exposure be re-examined on a regular basis to monitor changes 
in buildings, tree heights, etc.  
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Station configuration 
The configuration of the positions of the sensors, solar panels etc must take into consideration 
the shading effects of one element upon another, such as shadows on the solar radiation sensor 
or placing the humidity sensor downwind of an evaporation pan. 

Hydromet stations 
The location for a hydromet station collecting data on river flows, or lake and reservoir levels is 
determined by the geography around that particular water body.  The locations are usually not 
optimal for meteorological sensors.  The stations are typically in the bottom of river valleys or the 
top of dams.  In particular, wind data can be very misleading and, being situated next to a body 
of water, temperature and humidity data may not be representative of the larger area.  In 
northern climates, hydromet stations may have temperature sensors but that is to estimate 
snowmelt, which would not be a concern in Mexico.  Hydromet stations do have rain gauges, 
which provide valuable information for flood forecasting but, because of less than optimal 
locations, their data may not be suitable for climate purposes. 
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Annex 6 – Proposal for a Calibration and Inspection Group 

The MoMet project will see the installation of a several hundred weather and climate monitoring 
stations using electronic sensors for measuring wind, temperature, solar radiation, humidity, 
precipitation, and air pressure.  These sensors will be provided by the supplier with calibrations 
that trace back to primary standards.  The sensors will not hold their calibrations for the length of 
MoMet through failure, wear, or electronic drift.  In addition, any measurement by a sensor is 
only representative if it is properly exposed to the weather.  A perfectly calibrated rain gauge is 
inaccurate if it is located under a tree.  The diagnostic report of 2010 considered the lack of 
calibration to be a grave problem. 

One of the key performance indicators for the MoMet project is to achieve a high level of 
acceptance of data submitted to the WMO network.  This will not be possible if values from the 
sensors do not represent the true conditions as would be measured by a calibrated sensor with 
a good exposure.   

For this reason, it is proposed that SMN establish a calibration and inspection section with the 
following characteristics. 

• A section chief with responsibilities only for calibration and inspection. 
• Dedicated professional(s) and technician(s). 
• Offices at Observatorio. 
• Workshop at Observatorio or nearby with a laboratory and open space for a sample 

meteorological station. 
• A technician in each regional offices with part times duties for calibration and inspection. 

 
The inspection program would be developed around the basics as described in the WMO #8 
(Guide to Meteorological Instruments and Methods of Observation) for inspecting manual and 
automatic stations for exposure and maintaining a log of metadata.  The operation of a station 
would also be assessed for the skill and work procedures of staff. 

The calibration program would be developed around the accuracy of the measurements as 
required in WMO #8, the manufacturer’s expected accuracy for its sensors, and the 
manufacturer’s recommended calibration program.  The manufacturer’s calibration schedule 
would be verified with random testing and recalibration.  The Centro Nacional de Metrología 
could be consulted on methodology. 

The activities of the section would be: 
• Maintain a set of primary standards at Observatorio. 
• Maintain a calibration schedule and log. 
• Maintain an inspection schedule and log. 
• Train regional staff in calibration and inspections. 
• Provide rotating spares for calibrations. 
• Provide secondary and tertiary standards for field checks and calibrations. 
• Conduct in-house calibrations and side-by-side tests. 
• Arrange for factory or independent calibrations. 
• Monitor the data quality audits for calibration and inspection concerns. 
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Annex 7 – An Introduction to Automatic Stations 

This is a proposed outline for a familiarization session to be given to managers of offices and 
programs that will be operating and using automatic stations.  Presented as a briefing totaling 4 
hours of presentation, demonstration and a site visit. 

 

The automatic station 
 What is an automatic station? 
 The different types 
  Synoptic, Weather/climate, Hydrometric, Hydromet 
 WMO requirements (WMO #8) 
 The sensors 
 (show and mention important aspects re accuracy and reliability) 
  Pressure (and pressure port) 
  Wind (cup, propeller, ultrasonic) 
  Temperature and humidity (radiation shield) 
  Tipping bucket Rain (Alter shield) 
  Solar radiation 
  Others (evaporation, accumulating rain, etc) 
 Signal methods 
  RS-232, SDI-12, 4-20 mA, 0-5 VDC 
 The data logger 
  Show different makes  
  Main components 
   Signal processing, Power supply, Data processing, Data storage 
  Telemetry options 
   GOES, Radio, GSM, Meteorburst, Etc 
 Installation requirements 
  Pictures of installation process 
  Site selection and exposure requirements 
  Civil works 
  Tower & equipment installation 
  Sensor configuration (importance of sampling and averaging) 
  Station commissioning 
 Station operation 
  Viewing data (from CONAGUA offices) 
  Site visits – sensor servicing and verification 
  Sensor calibration 
  Maintenance 
 Costs and benefits 
  Construction costs & Operating costs 
  Reliability of data & Timelessness of data 
.
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Annex 8 – Proposal for Equipment for Moving Boat Measurements  

MoMet activities 4.2.1, 4.2.2, 4.2.3, 4.2.4. and 4.2.5 include the purchase of field equipment for 
each regional center.  Among the items listed in the costing spreadsheet are HYPACK versión 
9.0, ecosondas para topobatimetría, GPS de precisión, y molinete.  Unless GASIR has a 
specific application that requires that exactly, an alternative is recommended. 

HYPACK is software for bathymetric surveys such as in reservoirs, lakes and estuaries to be 
used with echosounders and GPS or survey instruments.  A recommended alternative would be 
a system for moving boat river discharge measurements with acoustic Doppler current profilers 
(ADCP).  The systems include an echosounder, acoustic flow velocity sensors and have a GPS 
base station option.  As well as providing for flow measurements in large and small rivers as a 
byproduct it can produce river and lake bottom surveys.  The GPS base station option could also 
be used for other purposes.   

The moving boat technique can provide very accurate river flow measurements in conditions of 
flood and at locations without bridges or cableways that would be impossible to measure in any 
other way.  The various river flow forecasting models being developed and used in the pilot 
projects will require accurate flow measurements to calibrate to.  In many situations, only the 
moving boat system can provide that.   
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Annex 9 – Possibilities for Flood Forecasting Model Selection  

Introduction

• Many different flood forecasting models 
available

• Costs from free to …
• All suitable within their limitations
• The selection is a significant task often 

involving side-by-side operational use.

 
 

. 

Example Selection Methods
• “Flood Forecasting Model Selection: A 

Structured Approach”  
Book by K.A. Tilford, K.J. Sene and R. Khatibi
– structured method for selecting the most appropriate category of modeling 

solution to use in a given situation

• Workshop On Intercomparison Of Flood 
Forecasting Models
– SELECTION, APPLICATION AND FURTHER DEVELOPMENT OF MODELS
– A contribution to the WMO Flood Forecasting Initiative
– 14 - 16 September 2011, Federal Institute of Hydrology, Koblenz, Germany

• Hydrologic Model Selection for the CFCAS 
Project

• by Juraj Cunderlik, University of Western Ontario
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Selection process

• Consideration of:
– Desired outputs

• Accuracy, time and spatial scale of forecasts,, etc.
– Processes to model

• River flows, soil moisture, reservoirs, etc.
– Inputs available

• Geomorphic data, hydraulic, weather, etc in the 
correct formats

– Costs
• To purchase, calibrate and operate

 
 

EU Flood Projects
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93 

 

OMM/SMN Contribution to Project Implementation Plan (PIP): Components II and IV Ian MCLAURIN 

Results of The 
GFCAS Study

 
 

Availability
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Ease of Use
Example:
A 1 day 
workshop to 
install HEC-
RAS program 
in laptop, 
enter data for 
a dam break 
model and 
get results of 
flows and 
levels in the 
downstream 
reaches.

 
 

Three step process
1. Initial selection study

– Review of needs and available inputs to select a 
short list.

2. Comparison test
– Install and calibrate the short list selections for a 

representation basin and test for accuracy and 
outputs.

• Selection
– On the basis of accuracy, cost, ease of use, 

applicability to the other basins, etc.
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Annex 10 – Implementation Plans for Component 4 Pilot Projects 

 

 

 

Activity 4.3.1 (insufficient information for a plan) 

Activity 4.3.2 Pilot Project – Valle de Mexico 

Activity 4.3.3 Pilot Project – Cuencas Veracruzanas 

Activity 4.3.4 Pilot Project – Costa de Chiapas 
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Implementation Plan for Pilot Project de al Cuenca del Valle de Mexico 
 
Componente 4 for MoMet is for the creation of Centros Regionales and pilot projects in those 
centers.  The centers will be designed, created, and staffed as administrative units under 
Actividades 4.1, and 4.2.  Subcomponente 3 provides the mesoscale forecasting models and 
similar tools.  Subcomponente 2 provides the basic infrastructure of the weather and river 
observing networks and Subcomponente 1 provides for the general training of the staff.  One of 
the 8 centers to be created in Mexico City for the region del Valle de Mexico with a pilot project 
for the forecasting and warning of the urban flooding that occurs in the streets and drains of the 
metropolitan area of Mexico City in the valle de Mexico.  The pilot area covers 9600 km2 at an 
altitude of 2,200 m. 
 

 
 
The Valle de Mexico contains one of the world’s most populated urban areas on an old lake 
surrounded by mountains.  Drainage out of the basin is through man-made canals and pipes 
frequently overwhelmed by thunderstorms and frontal event rainfalls.  Flooding occurs when 
runoff from rain exceeds the available capacity of the drainage system.  Local flooding disrupts 
traffic, damages homes and businesses and, with sewage backup, reduces health.  The 
conditions worsen through time because of subsidence of the land, which reduces the slopes of 
the drainage systems.   
 
The situation was thoroughly described, analyzed and solutions proposed in a WMO/CONAGUA 
report, Plan Estratégico de Desarrollo para el establecimiento de un Sistema de Alerta 
Temprana para la prevención de inundaciones en el Valle de México dated November 2011.  In 
it’s section 23 it describes a 12-step process to develop an early warning system.  Those 12 
steps will be implemented in the pilot project. 
 
The valley is fairly well instrumented with weather stations, rain gauges, and a weather radar 
and the flooding and precipitations patterns has been studied and mapped.  The report 
describes the monitoring networks and activities of the several agencies that are involved with 
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weather monitoring and with the reduction of the flood damages in the valley.  The strategic plan 
concentrates on the development of a control center that would pull these elements together to 
produce a coordinated system for collecting information, generating forecasts, and 
disseminating graduated alerts.  The implementation plan for the pilot project restructures the 
elements of the plan outlined in the report to fit the MoMet structure.  It presumes that the alerts 
can be initiated very quickly as a simplistic system with existing technologies and be enhanced 
as materials are provided and systems developed.   
 
The main elements are the control center, the precipitation forecasting systems, and the data 
acquisition network. 
 
Control center 
The control center consists primarily of the specialists charged with developing and then 
operating the alert system and secondarily with its offices.  The administrative and managerial 
activities are conducted by the regional center, the development by consultants and the 
asistencia tecnica of 4.3.5, and the ongoing operations by the regional center.  
 
Phase 1:  A project leader from CONAGUA be assigned by MoMet to continue the work of the 
strategic plan to engage the relevant agencies and develop cooperative arrangements for 
sharing information, developing plans, linking data systems, etc. 
 
Phase 2:  Creation of a physical space for the control center including equipping it with 
telecommunications and computing systems with emergency backups and staffing it with the 
required people providing training as needed.  Some training will be available through activity 
1.1.5.  Activity 4.3.2 budgets for 12 person years of professionals and US$ 60,000 for civil works 
and activity 4.3.5 adds 24 person years of technical assistance.  
 
Phase 3:  Integration of precipitation forecasting, data acquisition, hydrologic modeling, hydraulic 
modeling systems, and data dissemination tools as they become available to provide an 
evolving alert system.  This can be evolutionary, changing as the systems develop and are 
tested in practice.  To be done by the professional staff and the technical assistance provided by 
MoMet with consultants and contracted materials and support provided as needed through 
Activity 4.1.7. 
 
Phase 4:  Development and maintenance of protocols for operating the control center including 
data exchange with other institutions, monitoring network maintenance, data dissemination, and 
alerting procedures.  Protocols will be revised as tools are enhanced.  To be done by the 
managerial staff. 
 
Phase 5:  Operation of the Alert system by the Control Center according to the protocols that are 
developed.  
 
Note:  Phases 3, 4 and 5 can occur concurrently as forecasting tools are developed and 
protocols revised to incorporate them.    
 
Precipitation forecasting 
The key element of the alert system is the ability to forecast the precipitation in detail as to 
where, when and how much.  This is to be accomplished by finer scale weather forecasts and 
improvements in the weather radars. 
 
Phase 1:  The weather radar network will be improved under sub-component 2.1, which will 
install a new radar within the valley and improve the radars’ ability to provide areal estimates of 
precipitation.  This will occur by 2014. 
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Component 3 will implement a number of tools to improve the ability of SMN to provide 
precipitation forecasts, including 3.1.2 mesoscale models, 3.1.6 rain estimation, and 3.1.7 
nowcasting.  This will occur throughout the 6 years of MoMet.  The pilot project’s leader will need 
to request that tools relevant to Valle de Mexico have priority. 
 
Phase 2:  Development of the procedures and process to make use of existing systems and the 
systems developed in Phase 1 to put short-term precipitation forecasts into operational use 
providing alerts of heavy rain to the cooperating agencies.  To be developed by the staff of the 
regional center with the technical assistance provided by 4.3.5.  This can start as soon as staff 
are available and be enhanced whenever tools are provided and protocols put in place. 
 
Data Acquisition System 
There are several weather observing systems within the valley operated by SCAM, CAEM, 
SIMAT, UNAM, SMN, and others observing weather and precipitation on the ground with 
sensors or manual observers, or in the air by profilers and radar.  The use of these systems will 
be under the cooperative arrangements developed with the control center.  
 
Phase 1:  Assemble data, maps, and reports from the various existing sources on the 
occurrences of flooding and the characteristics of the drainage system.  From this, develop a 
hydrologic model of the runoff generated from rainfall and a hydraulic model of flood levels and 
drainage flows.  The models will be used initially to gain an understanding of the impacts of 
different rain events and then operationally for flood level forecasting. 
 
Phase 2:  Working within the cooperative arrangements between the agencies involved, a 
network analysis is to determine the specifics of the existing monitoring stations, relate it to the 
requirements for the weather forecasting, runoff modeling, and flow forecasting to determine an 
optimal monitoring network.  The analysis to include the locations, parameters, data quality, 
timeliness, and technologies as well as the monitoring sites operational considerations.  This 
would cover the rainfall gauges, weather sensors and the levels and flows in the drainage canals 
and pipes for existing stations and new sites as may be necessary with improved 
telecommunication as warranted.  The study will deliver a list of existing and new monitoring 
sites to be used by the alert system.  It will detail the location, sensor suite, data scheduling, and 
telemetry method.  Accomplished through a study involving the staff of the regional center and 
international consultants. 
 
Phase 3:  Enhancement of the monitoring network to be accomplished by an international 
contract to supply, install, and configure system enhancements following the network plan from 
Phase 2 and to train the operators.  This may include new monitoring stations and sensors, will 
likely include upgraded data telemetry systems, and must include a system for data acquisition 
and integration of the data from the existing and new networks into a database system.  MoMet 
activity 4.3.2 budgets for 18 automatic stations. 
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Implementation Plan for Pilot Project Cuencas Veracruzanas 
 
Componente 4 for MoMet is for the creation of Centros Regionales and pilot projects in those 
centers.  The centers will be designed, created, and staffed as administrative units under 
Actividades 4.1, and 4.2.  Subcomponente 3 provides the mesoscale forecasting models and 
similar tools.  Subcomponente 2 provides the basic infrastructure of the weather and river 
observing networks and Subcomponente 1 provides for the general training of the staff.  One of 
the 8 centers to be created is for the region Golfo de Mexico headquartered in Veracuz with a 
pilot project for the forecasting and warning of the floods that occur in the rivers affected by the 
tropical storms that hit the area.  The area is characterized by population centers in the low lying 
areas along the coast with the headwater of the rivers in the mountains extending 100 
kilometers inland.  Floods develop quickly with only a few hours from rain events to damaging 
flooding. 
 

 
 
The pilot project for the Veracruz focuses on building from that base of capabilities to be able to 
provide warnings to the public.  It has three main components; 
1. Automatic real-time monitoring stations 
2. Operational watershed models 
3. A flood forecasting and alert system 
 
The 12 rivers to be covered by the protection system are: Tuxpan, Cazones, Tecolutla, Nautla, 
Misantla, Actopan, Antigua, Cotaxtla, Jamapa, Chiquito, Carbonera, y Agua Dulcita.  The project 
also includes the modernization of several stations on the rivers of Blanco, Papaloapan, 
Coatzacoalcos y Tonalá. 
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At the current time the area is covered by weather radars, a few flow measuring stations, and 
there are several hundred climatic stations reporting rainfall and other basic weather information, 
but only daily.  
 
Some initial modeling work has been done by Faustino DeLuna Cruz of UNAM as documented 
in an OMM/MoMet report “Modelos de Pronósticos de Ríos-Cuencas de los ríos Cazones y 
Jamapa-Cotaxtla” dated 2012.  The report describes in detail the inputs to hydraulic models for 
the main stem of the three rivers and the routing of several events down those channels.  Given 
input volumes and upstream flows, the model provides a means to forecast the timing and level 
of the flow when it reaches the lowing populated areas along the coast. 
 
To develop a flood forecasting system for this coastal area of the state of Veracruz requires 
monitoring stations, accurate short-term weather forecasting, watershed modeling of the 
hydrologic response and flow routing modeling, hydraulic modeling, and a system of software 
and procedures for providing warnings along 500 kilometers of coast.  As much as possible the 
staff of the Regional Center will be involved in all phases of the development.  This includes the 
regular staff of the regional center, the asistencia provided in Actividad 4.3.5, and the staff of the 
Organismo de Cuenca.   
 
Monitoring stations 
The state of Veracruz, in comparison to several other areas of Mexico, is relatively devoid of 
real-time monitoring stations.  There are a few synoptic stations along the coast, 8 existing EMA 
stations and 8 telemetric GASIR stations.  Componente 2 allocates to the state of Veracruz 21 
EMA stations and only 3 GASIR water level or climate stations.  For this pilot project MoMet 
budgets for an additional 6 EMA stations, 41 automatic termo-pluviometric stations and 15 
termo-pluviometric with water level sensors. 
 
Phase 1:  Through a study, develop a plan for the network of monitoring sites considering; 
• The existing network of manual stations. 
• The previously determined network expansion. 
• The general requirements for flooding warning modeling. 
• The characteristics of the meteorological events creating floods. 
• The timeliness required and telemetry options. 
• The budget available. 
 
The network plan to provide a list of general station locations, their sensor configurations, and 
telemetry requirements.  An international consultancy of 3 weeks occurring early in 2013. 
 
Phase 2:  SMN and GASIR to select detailed site locations considering land access, telemetric 
needs, and the requirements of stage-discharge relationships.  SMN to develop the solicitation 
documents.  Occurs late in 2013. 
 
Phase 3:  Supply, installation, and maintenance contracts to provide the stations planned in 
Phase 1 complete with telemetric reception and integrating the data within the information 
system of the Centro Regional.  Begins in 2014 and carries into 2016.  MoMet budgets US$ 
1,700,000. 
 
Note:  For the ease of operations, the equipment selected should be, chosen, as much as 
possible, to be the same as for the other automatic stations, perhaps as a single contract for the 
stations for all 4 pilot projects. 
 
Note: MoMet budgets the installation of 62 stations over 4 years – 2014 to 2017.  This holds up 
the implementation of the flood forecasting system until then.   
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Recommendation:  It is recommended to move up to 2014-2015 for the installation of the 
automatic stations to leave time for the development of the flood forecasting system before the 
end of the project. 
 
Short term forecasting 
Because of the very short time, with hours, for floods to be generated from rain, short-term 
forecasts are required.  The tropical storms that generate the floods can be forecast with the 
existing systems but a more detailed forecast for this area is needed for the rainfall amounts and 
timing.  The short-term and nowcasting weather forecasting will be implemented with the other 
components and sub-components of MoMet.  The weather radar network will be improved under 
subcomponente 2.1.  
 
Phase 1:  The asistencia provided in Actividad 4.3.5 will put into operation the short-term 
forecasting and nowcasting of rainfall events within the subject area.  Occurs as soon as 
possible. 
 
Phase 2:  The asistencia provided in Actividad 4.3.5 to put into operation the production of 
rainfall data from the weather radars covering the subject area.  This would include the input of 
telemetered rain gauge data for the real-time adjustment of the radar values.  Occurs as soon as 
possible. 
 
Notes:  These activates relate to other activities for the implementation of mesoscale forecast 
models in Componente 3 and weather radar installations and hydrologic calibrations in 
Componte 2 which would have to be done first. 
 
Watershed Modeling 
To provide additional lead-time to the flood forecasts, hydrologic modeling is required to convert 
measured and forecast precipitation into modeled runoff.  The hydrologic models consider the 
different types of land cover and slopes and model the water budget and soil moisture to 
estimate the amount of rainfall available for runoff.  For most major events of very heavy rain, 
almost all precipitation will appear as runoff but hydrologic modeling is required to prevent false 
alarms from rains under dry conditions.  The different types of models range from stochastic to 
deterministic, and lumped to distributed, and are available from many sources, some for minimal 
cost.  Most computer packages for hydrologic modeling include the flow routing component. 
The present model “Modelos de Pronósticos de Ríos-Cuencas de los ríos Cazones y Jamapa-
Cotaxtla” contains a simplistic hydrologic component that may not be adequate for likely 
conditions. 
 
Flow routing models the flows down river channels and through lakes and reservoirs.  It can be 
accomplished by hydrologic flow routing, which considers the flow-storage relationship for each 
reach, or by hydraulic routing, which uses momentum equations.  The present model “Modelos 
de Pronósticos de Ríos-Cuencas de los ríos Cazones y Jamapa-Cotaxtla” uses finite element 
analysis for un-steady flow to route the flows down the river channels from the interior of the 
mountains to the plains.   
 
Phase 1:  Consultancy to review the situation of the rivers of Veracruz, the data available, and 
the range of models available and provide recommendations for the modeling of the basins to 
provide flood forecasting.  Models to consider include, but not limited to, the HEC models, US 
national Weather Service River Forecast System, the current modeling of Cuencas de los ríos 
Cazones y Jamapa-Cotaxtla, and the flash flood early warning system piloted in Chaipas by 
Hydrologic Research Center.  Consultancy of 5 weeks with the asistencia provided in Actividad 
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4.3.5.  The funding is budgeted in Activity 4.1.7 Diseño y provisión del sistema de gestión 
hidrometeorológica.  Occurs in 2013. 
 
Phase 2:  Contract to implement an operational watershed model(s) for the 12 rivers of the state 
of Veracruz based on the recommendation of Phase 1.  The system will incorporate the 
precipitation forecasts of the meteorological forecasts and products, current rain from the 
weather radars and rain gauges, and the river and reservoir data.  As well as providing data on 
current and forecast flows, it will provide information on water levels and flooded areas of the 
major urban centers.  Implementation to include software, hardware, calibration, manuals, basic 
training, and 1 month of side-by-side operation during a flood season.  The funding is budgeted 
in Activity 4.1.7 Diseño y provisión del sistema de gestión hidrometeorológica.  Begins in 2014 
and concludes after the implementation of the automatic stations. 
 
Flood forecasting and warning system 
A forecasting system and warning system uses the tools provided by the operational watershed 
model and the weather forecasting to monitor the weather and river conditions on a continual 
basis and provides information and warnings through previously arranged channels using 
carefully considered guidelines. 
 
Phase 1:  Development of standard reports in tabular, graphical, and map form of the data from 
the outputs of the weather and flow forecasts in paper and web page format.  The watershed 
model will be used to model inundation zones of historical precipitation events.  Developed by 
asistencia provided in Actividad 4.3.5  Occurs in 2016. 
 
Phase 2:  CONAGUA and Regional Center jefes to hold discussions with federal, state and 
municipal officials to demonstrate the capabilities of the flood forecasting systems and formulate 
alert levels, flood zones, and information flow processes.  Results to be formalized into an 
operations manual.  Developed by asistencia provided in Actividad 4.3.5  Occurs in 2016. 
 
Phase 3:  The managers of the Regional Center regularize the flood forecasting process into the 
day-to-day work activities of the staff with the information dissemination by available means.  
Occurs in 2016. 
 
Phase 4:  The additional dissemination methods such as webpage, smart phone app, radio and 
the other mechanism decided upon in Phase 2 developed by contracts.  Occurs in 2017. 
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Implementation Plan for Pilot Project Costa de Chiapas 
 
Componente 4 for MoMet is for the creation of Centros Regionales and pilot projects in those 
centers.  The centers will be designed, created, and staffed as administrative units under 
Actividades 4.1, and 4.2.  Subcomponente 3 provides the mesoscale forecasting models and 
similar tools.  Subcomponente 2 provides the basic infrastructure of the weather and river 
observing networks and Subcomponente 1 provides for the general training of the staff.  One of 
the 8 centers to be created is for the south southeast region headquartered in Tuxtla Gutiérrez 
with a pilot project for the forecasting and warning of the flash floods that occur in the rivers 
affected by the tropical storms that hit the area.  The flash floods occur when the storms off the 
Pacific rise up over the mountains along the coast.  Floods develop quickly with only a few hours 
from rain events to damaging flooding.   

 

 
 

The pilot project for the Costa de Chiapas focuses on building from that base of capabilities and 
from an existing pilot project for flash flood warning, to be able to provide warnings to the public.  
It has three main components; 

1. Automatic real-time monitoring stations 
2. Operational watershed models 
3. A flood forecasting and alert system 
 

The pilot project area is the south west half of the state of Chiapas including the Sierra Madre de 
Chiapas and the mountain slopes draining into Presa Belisario Dominguez (La Angostura) and 
its river system, the Rio Grijalva.  The area is approximately 250 km by 150 km. 
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At the current time the area is covered by weather radars, a few flow measuring stations, and 
there are several hundred climatic stations reporting rainfall and other basic weather information, 
but only daily.  

A flash flood early warning system (MMFFG – Mexico Mozotal Flash Flood Guidance System) 
has been developed and is being implemented by the Hydrologic Research Center of San Diego 
California.  The system:  

• is based upon a fine scale digital elevation model and GIS map layers and  
• applies  

o rainfall data from radar,  
o different satellite precipitation estimates,  
o the rain gauge network and  
o a rainfall forecast model  

• using the Sacramento soil moisture model  
• to calculate the soil moisture and runoff potential  
• in the 1700 basins covered in Chiapas  
• and to provide a ranked scale of flash flood potential.   
 
As of the end of 2011 the system was running and training had been provided in the generation 
of forecasts and warnings.  However, indicative of the problems faced in modernizing SMN, the 
project was put on hold awaiting a computer to be provided for it to operate in Mexico. 

To put the system into full operation and enhance its accuracy and to then expand the ability to 
provide flooding information requires additional monitoring stations, hydraulic modeling and a 
managerial system for forecasting and warnings. As much as possible the staff of the Regional 
Center will be involved in all phases of the development.  This includes the regular staff of the 
regional center, the asistencia provided in Actividad 4.3.5, and the staff of the Organismo de 
Cuenca.   

 

Monitoring stations 
The state of Chiapas, in comparison to several other areas of Mexico, is relatively devoid of real-
time monitoring stations.  There are a few synoptic stations, 2 existing EMA stations and 5 
telemetric GASIR stations.  Componente 2 allocates to the state of Chiapas 3 ESIME synoptic 
stations, 8 EMA stations and 8 GASIR water level or climate stations.  For this pilot project 
MoMet budgets for an additional 8 EMA stations, 70 automatic termo-pluviometric stations and 
30 termo-pluviometric with water level sensors, not all of which will be within the flash flood 
warning area. 

 

Phase 1:  Through a study, develop a plan for the network of monitoring sites considering; 

• The existing network of manual stations. 
• The previously determined network expansion. 
• The general requirements for flash flooding warning modeling. 
• The requirements for a flow monitoring system. 
• The characteristics of the meteorological events creating floods. 
• The timeliness required and telemetry options. 
• The budget available. 
 

The network plan to provide a list of general station locations, their sensor configurations, and 
telemetry requirements.  The plan to also detail the locations where field surveys are required for 
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an improvement in the calibration of the MMFFG (this was requested by HRC). An international 
consultancy of 3 weeks occurring early in 2013 with the assistance of experts of the MMFFG. 

Phase 2:  CONAGUA to conduct the field surveys requited for the MMFFG. SMN and GASIR to 
select detailed site locations considering land access, telemetric needs, and the requirements of 
stage-discharge relationships.  SMN to develop the solicitation documents.  Occurs late in 2013. 

Phase 3:  Supply, installation, and maintenance contracts to provide the stations planned in 
Phase 1 complete with telemetric reception and integrating the data within the information 
system of the Centro Regional.  Begins in 2014 and carries into 2016.  MoMet budgets US$ 
2,800,000. 

Note:  For the ease of operations, the equipment selected should be, chosen, as much as 
possible, to be the same as for the other automatic stations, perhaps as a single contract for the 
stations for all 4 pilot projects. 

Note: MoMet budgets the installation of 108 stations over 4 years – 2014 to 2017.  This holds up 
the implementation of the flood forecasting system until then.   

Recommendation:  It is recommended to move up to 2014-2015 for the installation of the 
automatic stations to leave time for the development of the flow forecasting system before the 
end of the project. 

 

System Recalibration 
The MMFFG contains elements using the satellite imagery, weather forecasts, radar, and rain 
gauge inputs.  Upon its installation in the regional center and with the improvements of the basic 
inputs, such as the short-term and nowcasting weather forecasting and radar improvements 
implemented with the other components and sub-components of MoMet, the MMFFG will require 
adjustments. 

Phase 1:  With the asistencia provided in Actividad 4.3.5 and with the Regional Center’s trained 
operators of MMFFG, consultants from HRC will guide the reconfiguration of MMFFG to accept 
the new improved inputs.  Occurs as the new inputs are available. 

Notes:  These activates relate to other activities for the implementation of mesoscale forecast 
models in Componente 3 and weather radar installations and hydrologic calibrations in 
Componente 2 which would have to be done first. 

 

Watershed Modeling 
The MMFFG provides the rainfall-runoff hydrologic components of a complete watershed model.  
Adding its outputs to flow routing models will provide a complete watershed model routing flows 
down river and reservoir systems and modeling expected levels from those flows in populated 
areas. 

It can be accomplished by hydrologic flow routing, which considers the flow-storage relationship 
for each reach, or by hydraulic routing, which uses momentum equations.  The present model 
“Modelos de Pronósticos de Ríos-Cuencas de los ríos Cazones y Jamapa-Cotaxtla” uses finite 
element analysis for un-steady flow to route the flows down the river channels from the interior of 
the mountains to the plains.   

Phase 1:  Consultancy to review the output of MMFFG, the situation of the rivers of Chiapas, the 
data available, and the range of models available and provide recommendations for the 
modeling of the basins to provide flood forecasting.  Models to consider include, but not limited 
to, the HEC models, US national Weather Service River Forecast System, and the modeling of 
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Cuencas de los ríos Cazones y Jamapa-Cotaxtla in Veracruz,.  Consultancy of 5 weeks with the 
asistencia provided in Actividad 4.3.5.  The funding is budgeted in Activity 4.1.7 Diseño y 
provisión del sistema de gestión hidrometeorológica.  Occurs in 2013. 

Phase 2:  Contract to implement an operational watershed model(s) for the rivers of the flash 
flood guidance system based on the recommendation of Phase 1.  The system will incorporate 
the outputs of the MMFFG, and river and reservoir data.  As well as providing data on current 
and forecast flows, it will provide information on water levels and flooded areas of the major 
urban centers.  Implementation to include software, hardware, calibration, manuals, basic 
training, and 1 month of side-by-side operation during a flood season.  The funding is budgeted 
in Activity 4.1.7 Diseño y provisión del sistema de gestión hidrometeorológica.  Begins in 2014 
and concludes after the implementation of the automatic stations. 

 

Flood forecasting and warning system 
A forecasting system and warning system uses the tools provided by the operational watershed 
model and the weather forecasting to monitor the weather and river conditions on a continual 
basis and provides information and warnings through previously arranged channels using 
carefully considered guidelines. 

Phase 1:  Development of standard reports in tabular, graphical, and map form of the data from 
the outputs of the MMFFG in paper and web page format.  Developed by the MMFFG operators 
with asistencia provided in Actividad 4.3.5  Occurs in 2012. 

Phase 2:  CONAGUA and Regional Center jefes to hold discussions with federal, state and 
municipal officials to demonstrate the capabilities of the MMFFG systems and formulate alert 
levels, flood zones, and information flow processes.  Results to be formalized into an operations 
manual.  Developed by asistencia provided in Actividad 4.3.5  Occurs in 2013. 

Phase 3:  The managers of the Regional Center regularize the flood forecasting process into the 
day-to-day work activities of the staff with the information dissemination by available means.  
Occurs in 2013. 

Phase 4:  When the full watershed model is available, the actions of Phases 1, 2 and 3 are 
repeated with the new outputs from the watershed model.  Occurs in 2017. 
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Annex 11 – Mission Activity Report 

Activities Log  -   Ian McLaurin 
WMO contract for MoMet project  -  PIP Components II and IV 

January 15 – Feb 29 2012 
 

Day Date Location Activity 
1 Sunday 

2012-01-15 
Toronto, 
Canada 

Flight from Toronto, Canada to Mexico 
City, Mexico 
Hotel Diplomatico, Insurgentes Sur 

2 Monday 
2012-01-16 

CONAGUA, 
Mexico City 

Meet with Alfredo Garza (OMM), 
Venancio Trueba (MoMet), Javier Zuleta 
(WB) and others. 

3 Tuesday 
2012-01-17 

Observatorio, 
Mexico City 

Take part in WB meeting, get computer 
connection in MoMet office 

4 Wednesday 
2012-01-18 

Observatorio, 
Mexico City 

Review Component 2 documents, 
research radar calibration, take part in 
WB meeting 

5 Thursday 
2012-01-19 

Observatorio, 
Mexico City 

Review Component 4 documents, take 
part in WB meeting, review equipment 
specs, research station costs  

6 Friday 
2012-01-20 

Observatorio, 
Mexico City 

Provide station cost analysis to Zuleta, 
work on Component 2 

7,8 Weekend Mexico City weekend 
9 Monday 

2012-01-23 
Observatorio, 
Mexico City 

Wrote 4 page summary of components for 
PAD, reviewed Veracruz model report 

10 Tuesday 
2012-01-24 

Observatorio, 
Mexico City 

Work on Component 2, wrote 1 page 
outline for briefing on automatic stations 
for managers 

11 Wednesday 
2012-01-25 

Observatorio, 
Mexico City 

Discussed Component 2 with chief of 
observing networks (Ernesto), received 
tour of SIH/MCH 

12 Thursday 
2012-01-26 

Observatorio, 
Mexico City 

Meeting re GPS water vapor project, 
meeting re information system proposal, 
complete outline of Component 2, provide 
comments on equipment specifications 

13 Friday 
2012-01-27 

Observatorio, 
Mexico City 

Meeting to discuss equipment 
specifications 

14,15 Weekend Mexico City weekend 
16 Monday 

2012-01-30 
Observatorio
, Mexico City 

Meeting re radio-sonde plans, meeting re 
radar plans 

17 Tuesday 
2012-01-31 

Observatorio, 
Mexico City 

Review radar plans and provide 
suggestions, review radio-sonde plans, 
check against COSTAB 

18 Wednesday 
2012-02-01 

Observatorio, 
Mexico City 

Meet re radar, review hydrologic 
calibration requirement, Meet Esteva re 
telecom. 
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Day Date Location Activity 
19 Thursday 

2012-02-02 
Observatorio, 
Mexico City 

Discuss project with Francisco 
Villalpando, Meet Fausto re satellite 
imagery, Ortega re automatic stations & 
regional centers, continue with 
Componente 2 draft. 

20 Friday 
2012-02-03 

Observatorio, 
Mexico City 

Meet with Faustino De Luna of UNAM re 
Veracruz modeling, 

21,22 weekend Mexico City  
23 Monday (Mex. 

Holiday) 
Observatorio, 
Mexico City 

Work on Veracruz pilot project plan, 
review calibration equipment proposal  

24 Tuesday,  
2012-02-07 

Observatorio, 
Mexico City 

Complete draft Veracruz pilot project plan, 

24 Wednesday, 
2012-02-08 

Observatorio, 
Mexico City 

Meet with Ortega & Villalpando re 
Component 2, Rewrite Component 2 
Annex of PAD 

25 Thursday, 
2012-02-09 

Observatorio, 
Mexico City 

Meet with Montero re image applications,  
Write plan for Chiapas pilot project 

26 Friday,  
2012-01-10 

Observatorio, 
Mexico City 

Continue with draft, provide drafts to 
Garza 

27 weekend Mexico City  
28 Monday,  

2012-02-13 
Mexico to 
Toronto 

Return flight to Toronto, Canada 

29,30 2012-02-14 to 
2012-02-28 

Toronto, 
Canada 

Write plan for Valle de Mexico pilot 
project, continue with drafts. 

31 2012-02-29 Toronto, 
Canada 

Submit draft report 

 2012-03-06 Toronto, 
Canada 

Submit draft mission report 

 




