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Executive Summary 

This report summarizes observations made by the consultant during a four-week period at the 
SMN forecast office in Mexico City during August and September 2013. The objectives of the 
visit focused on evaluating the current nowcasting (very short-range forecasting) techniques of 
the SMN staff and possibilities for improved use of the available SMN resources. 

Some important observations made during the visit include: 

1) Relatively poor condition of the physical facilities in the National Forecast Office 
(especially the CNPT section), including poor furniture, lack of air conditioning and heating and 
inability to minimize excessive street noise. 

2) Lack of forecasting personnel at key times. Many products are being generated or 
updated, resulting in inability to participate in meetings or training activities. This complicated 
on-the-job training courses. 

3) Need to improve current weather briefings and national teleconferencing activities with 
regional centers. 

4) Overdependence on model products for rainfall forecasts with limited or no evaluation of 
forecast skill of such models forecasts. 

5) Many problems with radar and other observing networks that complicate the overall 
nowcasting activities. 

Based on these findings some of the recommendations being offered include: 

1) Development of a clear sequence of steps to be used by all forecasters to produce 
more consistent forecasts. Some model products are currently being used effectively but many 
other products, based on surface automatic weather stations (EMAS) and the radiosonde 
network, are highly underutilized, in part due to a shortage of personnel (in both informatics 
and in the forecast office). 

2) Improvements to the Valley of Mexico nowcasting can be achieved by better use and 
display of existing radar imagery and surface observations.  

3) Daily weather briefings should be carried out earlier in the day rather than at the end of 
the day. The content of such briefings should be improved and the presentation made more 
concise. 

4) Educational materials, training procedures, and applied research activities to improve 
forecasting techniques are lacking or non-existent in the CNPT and these deficiencies must be 
remedied before the full potential of the SMN to make accurate and timely forecasts is realized. 
Some requirements for carrying out the development of the needed materials are discussed. 
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1. Introduction 

This report contains findings and provides recommendations related to improving nowcasting 
activities at the SMN main forecast office in Mexico City and any future regional forecast centers, 
wherever they may be located. The report contents are not restricted to the technical aspects of 
nowcasting, but include aspects of the SMN infrastructure that directly or indirectly affect the 
nowcasting activities. 

2. Observations of basic SMN Infrastructure to support nowcasting 

2.1 Physical condition of the CNPT forecast office 

Recognizing that there may be limits to the remuneration of SMN employees and recognizing 
that the specialized education and training of SMN staff is difficult to obtain at short notice. It is 
essential that every effort be made to retain well-trained SMN staff. To this end non-financial 
incentives to remain within the SMN should be sought at every opportunity. Working conditions 
at the SMN are less than optimal for a National Meteorological Center. Two critical problems 
evident to all visitors include the work environment and the location of the Observatory within the 
Mexico City urban area.  

Some casual observations made by the consultant that will also be evident to most visitors 
include: 

1) Basic furniture needs are barely met – chairs chained to desks to prevent them from being 
moved or stolen suggests a serious lack of furniture (or lack of security). Some offices have 
modern furniture, while others are very basic.  

2) Noise levels are often excessive in the Forecast office. The SMN office is located on a busy 
street with a busy gas station across the street and food vendors right below the forecast office. 
The level of noise becomes excessive when windows have to be opened in the forecast office. 
Videoconferencing with the regional centers is particularly affected, since the forecast office has 
poor soundproofing and windows need to be opened at times to cool the west-facing room at 5 
pm. 

During the consultant’s initial 3-week mission the forecast office was frequently affected by 
construction noise – from within the forecast office. There is a major need to add sound proofing 
to minimize traffic noise since central air conditioning is not possible and ventilation/cooling is 
needed at times.  

3) Unregulated temperatures occur throughout all of the workspaces of the SMN building. In the 
CNPT the temperature reached 27-28˚C in the afternoon (and was at this value at 11AM on one 
day) during the consultant’s visit in September and winter temperatures can be cool. These are 
not suitable office temperatures for optimal work efficiency. 

The CNPT office space is not rainproof - during storms the doors and windows have to be 
closed to prevent water from entering. Outside passageways become dangerously slippery 
when wet. 

2.2 SMN office location in Mexico City 

The SMN Observatory is located in a busy urban setting and access to the building is not easy, 
especially during nighttime hours. The building is not located in a safe neighborhood. Parking is 
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also limited for those who may want to drive to work. Commuting to and from work appears to 
take a substantial amount of time of the forecast staff. 

A new building, located somewhere outside of Mexico City, would minimize the lost human 
resources due to excessive transportation times to/from work. This would translate into a 
substantial increase in “quality-time” of the employees, which is currently consumed in 
commuting. And while “quality time” for employees may not, on paper, appear to be relevant to 
the SMN, retention of trained and experienced personnel is, and such factors need to be 
considered.  

As retaining highly trained personnel will always be an issue in Government institutions, every 
effort should be made to locate the regional forecast centers near universities where students 
may be encouraged to participate in applied research related to the needs of the regional 
offices. It appears that not much consideration has been given to this aspect of the regional 
forecast centers now being implemented. 

3. Some observations regarding the current SMN nowcasting activities 

3.1 Organization of the forecast office 

It is often unclear who is working where; staff should have specific activities at specific times. At 
times (visitor short courses or meetings) there are very few forecasters in the forecast office – 
insufficient for nowcasting purposes at the national level.  

Walls are virtually empty of information useful for building background of the forecast staff. All 
forecasters need to have a thorough understanding of the climatology of Mexico, but few do. In 
particular, forecasters need to be aware of the detailed rainfall climatology of Mexico. For 
example, the Weather Research and Forecasting Model (WRF) 30 km forecast of precipitation 
shows large spatial displacements from the actual patterns of precipitation shown by 
climatological rainfall maps. This is a result of the oversmoothed topography of the WRF model 
when using a 30 km grid. Similarly, patterns of precipitation forecasts from the 10 km ECMWF 
are likely to be displaced from their real climatological positions.  

To determine whether there are systematic forecast biases in the WRF and ECMWF 
precipitation forecasts a careful evaluation of the precipitation climatology from both models 
should be carried out.  

This can be done by averaging the ECMWF and WRF daily precipitation forecasts over an entire 
season (for both the 12Z and 00Z forecast runs if available) and comparing the seasonal mean 
precipitation with observations from the Mexican climatological precipitation network. The actual 
mean observations can either be interpolated to a similar 10km grid (ECMWF) or 30km for the 
IMTA WRF, or point comparisons can be made between the actual rainfall observations and the 
ECMWF/WRF point estimates interpolated to the climatological station locations. If historical 
ECMWF and WRF precipitation forecasts are available for Mexico (say for the past few years) 
the entire data set should be compared with the Mexican precipitation observations.  

The results from such a comparison will show whether there is good agreement between the 
seasonal mean observed precipitation and model forecasts and whether there is better 
agreement in some parts of Mexico than others. A daily comparison can also be done between 
model forecasts and observations – in this case the area over which to average should be large 
enough to include a good number of observation stations, since convective precipitation 
variability in space can be very large. Perhaps averaging over important drainage basins would 
be productive, since these usually have a good coverage of rain gauges.  
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Since daily precipitation forecasts for the Valley of Mexico (especially the DF) are of such great 
importance, a special effort to compare model-estimates of daily precipitation with observations 
over a well-sampled part of the DF. It would also be useful to add additional raingauges -
measurements to supplement the routine measurements made by the Air Quality section of 
Mexico City might be made by volunteers (SMN staff and their extended family members might 
suffice to establish the required density since only daily measurements would be required). In 
this manner, an accurate estimate of daily rainfall would be possible over perhaps a 30 x 30km 
region in the DF, which would serve as “ground truth” against which to compare the model-
estimates of daily precipitation. This effort should be implemented during the next rainy season 
(June-October 2014 time frame). 

For nowcasting applications it is necessary for the forecast staff to have continuously updated 
monitors showing visible imagery for each region of Mexico – to detect rapidly changing 
situations in each subregion of Mexico. Perhaps 4 monitors is sufficient for this. This may not be 
needed IF regional centers take responsibility for nowcasting in their sectors, but this is not likely 
to occur anytime soon. 

3.2 Current SMN nowcasting activities 

The only current SMN nowcasting focus is on precipitation and is primarily centered on the 
region of the Valle de Mexico. Bulletins are generated every 2 hours and no nowcasting for 
temperature or wind is evident. This reflects the CONAGUA focus on water. Since precipitation 
is a critical issue in most semi-arid countries this is not an unreasonable emphasis. However the 
SMN needs to have the capability to predict variations in meteorological quantities other than 
rainfall. Some examples will illustrate this. Many agricultural sectors require a knowledge of wind 
before applying pesticides, during the winter months freezing conditions in northern Mexican fruit 
orchards depend on whether the surface winds will become calm or remain above some 
threshold. Prediction of cloud cover strongly affects the daytime maximum temperature and 
nighttime minimum temperature. Air pollution in the vicinity of major industrial plants depends 
most strongly on wind speed (and direction), and air pollution in metropolitan areas like 
Monterrey will be most strongly affected by the synoptic wind and atmospheric stability – and 
forecasts will be most critical during the dry season. Ozone development from automobile 
exhausts is strongly dependent on sunlight, and this will vary with the cloudcover. And while 
most boating activities take place in coastal regions, some occurs over larger lakes (e.g. Lake 
Chapala) and what institution provides high wind forecasts for such lakes? Likewise high wind 
events affects some aspects of ground transportation (large trucks) and obviously aircraft. 
During the premonsoon season in NW Mexico a high temperature forecast is important in 
anticipating heat-related illnesses, especially in large urban areas like Hermosillo. Many 
industrial processes are heat (or cold) sensitive. The list of potential users of forecasts of 
quantities other than precipitation is almost endless.  

While many other Mexican institutions provide specialized forecasts for Aviation (SENEAM), 
electricity (CFE), petroleum (PEMEX) and the Air Force (FAM), none have a comprehensive 
national responsibility for forecasting for the public. It is prudent that the SMN should undertake 
an evaluation of what the most important nowcasting priorities are, both by geographical region 
(for ultimate use by regional forecasting centers) and by economic impact to the nation. Such 
studies are difficult to carry out accurately, but should be attempted – otherwise the efforts at 
weather prediction may be misplaced. 

Although satellite and radar animations exist on the SMN webpage, they are not prominently 
located and the radar animations should be improved both with more frequent imagery (scan 
interval every 5-7 minutes if possible) and longer duration animations (up to several hours). 
There is no user control of the animation speed or the animation interval (number of images or 



4 

OMM/SMN Evaluation of Nowcasting Techniques and Michael DOUGLAS 
 Recommendations for Improved Use of the Available SMN Resources in the SMN 
 

hours) that is common to many websites displaying radar imagery (see Annex 2 for some 
websites displaying radar imagery for the US). 

3.3 Lack of use by the forecast staff of different SMN observing systems 

3.3.1 General comment 
The forecast staff does not make full use of the observations being made by the various SMN 
observing networks. Few forecasters seem to examine the EMAS data and no use is made of 
radiosonde horizontal analyses – at least those strictly based on the soundings themselves. 
Some problems with these important observing networks, which ultimately need to be corrected, 
are noted below. However, the lack of use of these observations is not likely due to the problems 
with these observations, but more likely due to the limitations of the forecaster’s backgrounds 
and time constraints in using the observations in their current form. Some of the problems with 
the current networks and the display of their observations, are noted below, along with 
suggestions for improving both.  

3.3.2 Radiosonde network 
The radiosonde station performance is very sporadic, with some sites making routine 
observations while others do not, or do so intermittently. The network’s daily performance should 
be followed and reasons for any missed observations immediately investigated. There needs to 
be budgetary flexibility to resolve problems that can occur at any time. For example, the 
Empalme radiosonde station has made no observations since late February 2013 There is 
apparently a hydrogen generator problem at the site. However, hydrogen gas is widely available 
in Mexico in cylinder form – at a relatively low cost. To inflate a 350 gm meteorological balloon 
with cylinder hydrogen the cost might be on the order of $20. The fact that observations are not 
being made for the past 10 months may imply one or more of the following: (i) the observations 
are not worth (from a meteorological perspective) the additional $20 per day to make, (ii) it is too 
difficult to arrange the payments to INFRA (gas company), (iii) no one is aware of the alternative 
strategy to make observations without a working hydrogen generator.  

No critiquing of the efficiency of the radiosonde network for weather forecasting is carried out. 
For example, several years ago, due to delays in purchasing radiosondes, few observations 
were made in Mexico for many months. Was there any impact on weather forecast accuracy? If 
no effort is made to use the actual radiosonde observations to generate forecasts then there is 
no purpose in making these observations. This consultant does not have a simple solution to 
this issue, only to suggest that a serious discussion should be held (perhaps together with 
outside consultants who are specialists in data assimilation in the tropics) to evaluate the 
different possibilities for optimizing the spatial distribution of radiosonde stations in Mexico and 
their temporal operation. This is a large operating cost (at least $3000 US per day for 15 stations 
operating once daily) where either important savings can be realized or effectiveness improved 
(due to adjustments in the space and time operation of the network). The adaptive strategy 
(Annex 1) should be one option considered. 

While the above discussion seems unrelated to the immediate issue of nowcasting, there is a 
connection. Obviously erroneous soundings can be transmitted (example Sept 2, 12z at MEX) 
since there is very limited quality control or oversight of the data being generated by the 
radiosonde network. A erroneous observation (or one that is not representative of the spatial scale 
of the network) can adversely impact initialization of different models, such as the GFS. And the 
GFS is used to initialize various WRF or MM5 models that are run by different Mexican institutions.  
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Nowcasting use of sounding observations can be indirect. A forecaster should compare a 12h 
(or 24 h) forecast sounding with actual radiosonde observations. Is the short-range forecast 
accurate? Is the forecast sounding close to the observation or are there important differences? 
Do the differences appear commonly – are they systematic? Such a model forecast sounding 
versus actual radiosonde comparison should be generated automatically and criteria chosen to 
flag any large differences. Or plotting the soundings together might suffice to detect problems. 
Such a quality-control step is both useful for improving the transmitted data stream and to alert 
forecasters to possible problems with either the raw observations or the model forecast. 

3.3.3 EMAS automatic stations 
Automatic weather stations are a common method to obtain frequent surface measurements without 
the need to maintain a large staff of observers. While these stations are usually reliable and provide 
observations every 5 to 15 minutes (or more often) there are many unappreciated problems with 
effectively using such observations for weather forecasting. The observations from the 
SMN/CONAGUA EMAS (and also the observations from the INIFAP and SEMAR EMAS networks) 
are currently very underutilized by SMN staff for weather forecasting. The main operational use of all 
of these stations is in providing rainfall measurements – often averaged daily.  

It is important to mention the current limitations of the display of EMAS data. Time series longer 
than 24 hr are not available – preventing comparison with a previous day’s data. Is today 
warmer or cooler than yesterday? Or last week (see Fig 1)? Multiple parameters cannot be 
plotted on the same plot. Wind direction and speed should be plotted together – or in a vector 
form for easy physical interpretation. Also, if there is a strong wind gust – is it due to a 
thrunderstorm (is rain or a dewpoint change associated with the gust?) or some other cause? 
Without the capability to simultaneously visualize multiple variables on the same plot the cause 
of the observed fluctuations is hard to discern. Some models of how automatic weather station 
may be plotted for effective use by forecasters can be seen on the websites of the Oklahoma 
Mesonet (http://www.mesonet.org) and the NWS Mesonet (http://www.wrh.noaa.gov/). A 
comprehensive display of one station’s data is shown in Fig. 1; Fig. 2 shows a spatial plot of 
stations from the Oklahoma Mesonet. 

The main problem with the use of the EMAS (of all institutions) is that they are not plotted in map 
form, so that observations from the entire network can be visualized at the same time. Where is 
the boundary of the norte over the coastal plain of Tamaulipas? A forecaster needs to have 
surface plots updated at the frequency of the EMAS measurements to monitor the progression 
of cold fronts or other wind discontinuities (e.g. sea-breeze fronts over the Yucatan). All of the 
EMAS networks need to be merged into a database that can be plotted together, much as the 
MesoWest website (http://mesowest.utah.edu) displays for the US. 

One important caution is needed. Even if all of the Mexican EMAS observations are plotted on a 
single map they will still be difficult to interpret. This is because much of Mexico is mountainous 
and only a relatively small part is flat, unlike the US. Mesonetworks are effective where the 
spatial patterns can be well-defined by the available stations. Over most of Mexico the irregular 
terrain prevents identification of the synoptic-scale patterns, and important features like cold 
frontal boundaries. The elevation of two neighboring stations can be hundred’s of meters apart 
and this prevents the spatial patterns from easily being identified. There are techniques to help 
extract the information from such stations, but they are not currently being used in Mexico. The 
most important step is to calculate the mean values of temperature, wind, pressure, and 
humidity for each synoptic hour for each month of the year. These values then serve as the 
basic climatology of the EMAS. For weather forecasting the anomaly from the monthly 
climatological value is first calculated using the latest EMAS observations. Then these anomaly 
values are used to produce a spatial analysis of each of the measured quantities. In this manner 
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stations that are at different altitudes can be usefully merged together. There will still be 
difficulties in interpreting such analyses due to the complex Mexican relief, but they will be more 
valuable for short-range extrapolation of conditions than analyses based on the original 
observations. 
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Figure 1a.  A “meteogram” of one station in the Oklahoma mesonet for a 1 day period. Diurnal 
variations are apparent. 

 
 

Figure 1b.  A “meteogram” for the same station in the Oklahoma mesonet for a 1 week period. 
Synoptic variations in the key quantities can be visualized as well as diurnal variations 
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Figure 2a.  A map of the wind observations from the Oklahoma Mesonet. This map is 
automatically updated every 5 minutes. 
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Figure 2b.  Winds and temperatures for the Florida peninsula from the NWS Mesonet website. 
The density of observations plotted is selectable as are other quantities. 

 
Given that the SMN forecast staff rarely looks at surface observations from specific automatic 
weather stations, it is likely that serious errors in the observations go undetected (and thus 
uncorrected). EMAS sites are particularly likely to have systematic errors, rather than random, in 
their measurements. An effort to quality control all of the automatic weather station data in 
Mexico (including those of SEMAR and INIFAP) should be undertaken by a dedicated group 
within the SMN.  

In summary, given the high cost of purchasing, installing and maintaining automatic surface 
stations, a comparable effort should be made to make the observations available in a useful 
manner to CNPT forecasters. These observations will be even more important to the regional 
forecast center staff, who should have more time available to interpret these observations and 
use them for regional and local forecasting. 

It is apparent, at least to the consultant, that more EMAS should not be purchased until the 
above steps have been undertaken and it has been demonstrated that the SMN can effectively 
manage the current EMAS network. In addition, a serious effort needs to be made to evaluate 
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the importance of the EMAS observations relative to other possible SMN observing systems. 
Just how do they contribute to better SMN forecasts? 

3.3.4  Some specific comments on the content of current briefings 
Related to the nowcasting activities are the daily briefings, since such presentations use many of 
the same products that nowcasters may use. Described below are some comments related to 
these briefings provided to SMN staff and to the regional center personnel. 

While a discussion of the radiosonde data is potentially of some interest, the table showing the 
most unstable stations is not that useful, since instability alone does not assure precipitation – it 
requires ascent of the air. Some sites such as Mazatlan and Acapulco have high CAPE values 
on most summer days. It would be more insightful to the forecast staff if the stations with the 
greatest anomaly of instability were shown instead – or an analysis of surface CAPE anomaly 
from the monthly mean were produced. Such a plot would highlight the regions where enhanced 
convection might be possible with suitable lift.  

Briefings continue to show, and to rely on, rainfall forecasts from the 30km WRF runs made at 
IMTA. Such coarse resolution is inappropriate for the varied topography of Mexico, and cannot 
accurately reproduce the rainfall patterns associated with the higher terrain. As a product where 
the rainfall is displayed as an anomaly from the monthly mean rainfall, the product may have 
considerable value but the monthly mean values first need to generated from historical data so 
the model mean fields can be determined. The different WRF runs, using 4 different cumulus 
parameterization schemes, can be useful for some forecast products (10m wind for example) but 
few forecasters probably use the ensemble products. 

The current streamline analyses produced from ECMWF gridded data and shown at 200, 500, 
700 and 850mb are not particularly useful for the time required to discuss them. In fact, these 
streamlines can be misleading, since small features of cyclonic curvature (but with negligible 
vorticity due to weak winds) can be mistaken for important features. The intensity of cyclonic 
circulations (as measured by the relative or absolute vorticity) cannot be inferred from the 
streamlines alone. However, the full suite of ECMWF products has barely started to be explored 
with MCIDAS and there is potential for many of the products to be useful to forecasters, if and 
when there are sufficient forecasters with time to explore the value of these additional products. 

Independent of the particular meteorological analysis shown, it is probably more effective to 
show an animation of the field of interest. For example, an animation of a 3-day forecast of the 
500mb windfield, using forecast vectors every 3 hr, would likely better demonstrate any 
important patterns of motion or evolution than would a succession of individual maps. An 
example of model-based animations that are effective can be seen on the INIFAP website 
(http://clima.inifap.gob.mx/wrf/web/master.html). Considering that perhaps 15 people in the 
CNPT and a similar number of individuals in the regional centers are watching the presentation, 
every effort should be made to convey the maximum information content in the minimum time 
possible. 

Current briefings tend to emphasize details shown in numerical model forecasts that most 
forecasters in the US NWS would consider as “model noise”. These are features (like GFS 
vertical motions or precipitation) that do not have continuity for much time, or are of small spatial 
scales and associated with model-generated convection or gravity waves associated with model 
topography. It would be valuable for the forecast staff to examine the daily forecasts from the 4 
different IMTA WRF 30km runs using different parameterization schemes to see the large 
variations in forecasts resulting from these changes in model physics. They would then not put 
as much emphasis on small-scale features, but rather on features common to most or all of the 
individual forecasts.  
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Some products like vertical cross sections are so detailed that they require more careful 
inspection than is possible in the time available during the daily discussion. This should be a 
consideration in all of the products used in the briefings – they must be decipherable in the 
absolute minimum of time by those seeing them. 

3.3.5 Rainfall forecasts 
The current practice of predicting (and validating) the point maximum daily rainfall is of unclear 
usefulness – except for the very specialized case of Mexico City, where the rate of rainfall may 
determine whether the pumping capacity of the city in low-lying areas will be sufficient to prevent 
street flooding. Except for this specialized forecast application, it would appear that rainfall 
intensity forecasts are not as critical as total rainfall forecasts averaged over specific areas.  

Validating a forecast of areal-averaged precipitation would appear to be more useful if the 
objective is to predict runoff from river basins. A forecast of the percentage of stations reporting 
rain is also a worthwhile effort. IMTA currently uses their WRF-generated rainfall forecasts to 
predict precipitation and riverflows in basins across Mexico. The challenge is to evaluate 
whether these areal-averaged forecasts are accurate. 

As noted above, daily briefings depend on WRF or ECMWF generated forecasts of precipitation 
for warning for the DF region. Such rainfall forecasts appear to be serious overestimates. Such 
gridded rainfall estimates from models should be averaged and then compared with 
climatologies for the same period. This will aid in identifying biases in the rainfall forecasts of the 
different models being used. Comparison should also be made between the different models for 
different geographical regions- the precipitation biases are likely to vary geographically.  

On a topic related to the validation of model forecasted rainfall, it should be the role of the 
regional forecast centers to establish cooperative observer rain gauge networks that will provide 
higher spatial sampling of daily rainfall. Such observations should serve as validation data to 
compare with model rainfall forecasts in important regions. The number of EMAS will always be 
insufficient for detailed climate monitoring or daily rainfall estimation and a more cost-effective 
method is to blend the more complete EMAS or other automated weather station observations 
with daily rainfall estimates from cooperative observer networks. This is feasible today due to the 
wide availability of internet and cell phone coverage to routinely transmit observations from 
cooperative observers. 

3.3.6 Tropical cyclone forecasting 
Limited use is made of the Miami TPC analysis products such as the Hovmoller diagrams for 
tropical wave tracking. Not all waves identified by TPC are “well-defined” and should not be 
routinely invoked to explain the occurrence of heavy rainfall events. Similarly, cold fronts are not 
the only phenomena that produce winter weather in Mexico; the impression one can obtain from 
reading SMN daily discussions is that almost every rainfall event can be explained as either a 
consequence of an “onda tropical” or a “frente frio”. This is simply not the case. 

Many key coastal radars are out-of-operation, including those at Acapulco, Los Cabos, and 
Tampico. During 2013 these radar sites would have been valuable for a number of important 
tropical storms. Many EMAS sites are out of operation or have limited data. SEMAR automatic 
weather stations were subject to massive data loss/lack of communication, such as that which 
occurred on Sept 2.  

Identification of the early stages of depressions – such as those east of the Yucatan Peninsula, 
in the Bay of Campeche, or southeast of Acapulco, should be done with additional aids – 
Pressure anomalies/tendencies, 24hr-wind satellite changes, enhanced low cloud vectors. The 
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more frequent use of the VISGRPSE sector visible imagery can help define the winds and 
centers of circulation over the eastern Pacific, south of Mexico. 

The early-stage diagnosis of depression development could also be improved with adaptive 
observations (see Annex 1), which is well within the capability of the SMN. 

4. Recommendations by the consultant related to nowcasting 

4.1 Possible protocol for sequential examination of products for nowcasting activities 

There are a very large number of products available as aids to SMN forecasters for generating 
short-range forecasts. Many of these are available through SMN products, while others are more 
easily accessed though already existing internet products. With either sets of products, the 
knowledge level of the forecaster is critical in identifying the sequence of products to be used. 
Forecasters should not use products that they do not fully understand.  

In general, forecasters usually follow a concept that has been termed the “forecast funnel”, 
where the forecaster’s initial effort is on visualizing the large-scale, longer time evolution of the 
atmosphere (say to 5 days). This provides the forecaster with a broad overview of the slow 
evolution of the atmosphere over the region of interest. Then, the forecaster may examine 
radiosonde and satellite imagery at the regional level, perhaps half of Mexico. Finally, prior to 
generating the local forecast, the forecaster will more carefully examine observations of all kinds, 
within a few hundred km of their forecast region. An example of such a local area evaluation 
might be that forecasters in Merida would examine the conditions over the entire peninsula of 
Yucatan and immediate coastal areas. A forecaster in Monterrey preparing a 6-hr forecast might 
examine observations from South Texas (north) to Matehuala (south) and Tampico to the east 
and Torreon to the west, to generate a local forecast for the Monterrey vicinity. A 2-hr forecast 
might use observations from an even smaller domain. 

The problem with specifying a particular set of products for SMN forecasters to routinely 
examine is that there is considerable variation in the experience level between the different 
forecasters that comprise the forecast staff. Invariably, each forecaster will have a personal 
preference in products, but there should be a basic set that all forecasters use so that a certain 
level of standardization is possible between the different forecast shifts. 

This consultant’s opinion of a set of products that should be examined prior to any localized 
nowcasting effort (such as exemplified by the forecasts updated every 2 hr for the Valle de 
Mexico) should include – in approximate order of their examination: 

1a) upper-air analyses (using the radiosonde observations) and their anomalies from the 
monthly mean (at same synoptic time). This should include questions like: what is a) the 
anomaly of CAPE from the monthly mean? b) the anomaly of vertical shear? These products 
do not yet exist for Mexico.  

1b) Analyses from model initial analyses or short-range forecasts from higher resolution 
(NAM or 6 km WRF) – type products. These analyses should be first of the windfield (vector 
plot – not streamlines) and of derived quantities (vorticity field at 700 or 500 mb). The 
radiosonde wind observations should be overlain on the analyses to verify that the analyses 
actually reflect the observed winds. An animation of the vorticity field at 500 mb, over the past 
several days, based on model analyses, should be routinely updated in the forecast office. This 
should be an animation of the 00HR forecast/analysis from the model, archived and then 
animated over the past 3 days. Frequency of the analysis should be hourly to ensure smooth 
animations of the vorticity field. Such products exist on the web, but some manipulation by 
infomatica is likely needed to adapt to Mexico domain. 
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2) surface parameter anomalies (from their diurnal mean values for the month) and the 
persistence of these anomalies. These products do not yet exist for Mexico. 

3) visible and IR animations of the previous 6 hrs for the region of interest 

4) radar animations for the previous 3-6 hrs to ascertain the motion tendencies and diurnal 
evolution of the precipitation echoes. 

Note: Model-based forecast products for the 0-3 hr time frame will have very little value – other 
than to help the forecaster interpret the larger-scale synoptic conditions over Mexico. 

4.2 Some recommendations for Valley of Mexico nowcasting activities 

An SMN webpage showing continuously updated visible imagery, together with a radar (possibly 
an overlay of radar on visible) from the Catedral radar – with brief text updated hourly would be 
more effective in conveying nowcasting content to the public – especially for the Valle de 
Mexico. 

A better high-resolution depiction of the reflectivity over the DF should be provided (and 
animated). This might be accomplished by limiting the display distance from the Catedral radar 
to 100km or 150km, instead of the current web display default of 300 km. Better geographical 
references could then be provided – since the ultimate aim of the display is to make it useful to 
the public and other users. The current webpage display shows only relief and state boundaries 
– which many viewers will not be familiar with. 

The current hourly (or more frequent) atmospheric monitoring observations displayed effectively 
on the City of Mexico’s website (http://www.calidadaire.df.gob.mx/calidadaire/index.php) should 
also be displayed on the SMN website together with radar and visible imagery. In addition, given 
the strong diurnal cycle of winds and temperatures over much of Mexico - including the Valley of 
Mexico, anomalies of the meteorological quantities from their mean values at each synoptic hour 
should be calculated and displayed for nowcasting purposes. For example, anomalies often 
have considerable continuity from hour-to-hour, and a simple extrapolation of the anomaly of 
temperature or wind can provide a good short-range forecast.  

4.3 Miscellaneous suggestions 

4.3.1 Animations of imagery 
Default animations of IR enhanced imagery should cover period of 6 hours or so – not 10 
images – this can be a short as an hour if a GOES rapid-scan is in progress. 

The VISGRPSE 1 km visible sector is the best for identifying the beginning of cyclonic 
circulations south of Mexico in the eastern Pacific, but is infrequently used for this purpose. The 
SMN should not depend on the NHC for identifying early stages of such depressions.  

Radar animation updates are limited by the time required for volume scans. Faster updating, or 
a different scan strategy should be considered during convective weather, since 15 min updates 
are inadequate for many nowcasting purposes. For the DF region it would appear essential that 
the SMN obtain a dedicated radar to rapidly (~ every minute) scan the region (within 100 km) for 
nowcasting purposes. Many such radars exist on the market and need not provide the full suite 
of capabilities that a long-range surveillance radar might require. 
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4.3.2 Daily 5pm briefing 
Not clear this is the best time of day for daily discussion. Diurnal cycle of convection will produce 
max precipitation late in the day; a morning discussion will permit a forecast to be stated and 
then verified late in the day (or the following morning). This is especially true for national and 
Valle de Mexico nowcasting efforts. The most complete data is available at 12Z (7 am local 
time), thus a map discussion time at 10 am or 11 am would be best. This would allow for some 
model forecast products, based on 12Z observations, to become available, and thus a more 
complete analysis of the 12Z observational data. 

The morning briefing should be done together with the regional forecasts offices and it should be 
no more than 20 minutes total. Ten to fifteen (15) minutes maximum for the briefing and 5 to 10 
minutes for discussion of new topics or points of importance for the regional centers.  

4.3.3 A proposed outline of the Daily SMN National briefing 
A possible idealized outline of the National briefing might be something like the following: 

1) Start with a visible animation of the current day for a large domain, such as the VISATL 
sector for GOES-East. This provides an overview of the weather over and upstream of Mexico, 
including the Caribbean Sea and the eastern tropical Pacific. 

2) Show a similar IR loop, perhaps of 12-24 hr duration to depict the previous 24hr evolution 
and a full diurnal cycle. 

3) Present the upper air data at 700 mb for the Mexico region, with streamlines overlain. 
Show the evolution at this level for the past 2-3 days as an animation. 

3b) Show 24hr previous precipitation over Mexico and compare with satellite estimates. 

3c) Show the anomalous (and actual) surface pressure and wind patterns for the latest 
synoptic time – explain the anomaly patterns and what they imply for winds/weather over 
Mexico. 

4) Circle the key forecast areas for the daily discussion and then move to these sequentially. 

5) Zoom to area “A” of interest and show 24-hr forecast 

6) Zoom to area “B” of interest and show 24-hr forecast 

7) Present 3-day evolution from best model products (ideally an animation of 24-hr 
averaged precip (since the diurnal cycle is so large you need to average the model precip over 
a 24hr period)  

8) Present the DF forecast for the next 12 hr and then present the similar forecasts for 
Monterrey and several other key cities. 

9) Ask for questions…from the regional centers 

10) Introduce a new forecast product or analysis tool and explain it. Do this several times 
per week and perhaps during the cool season when there is more time available from the 
forecasters.  

5. Need for improved educational materials and procedures 

Some observations from this consultant’s mission that relate to education of SMN forecasters 
include: 
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1) Short-duration visits for on-the job training are not particularly effective, since personnel 
cannot provide undivided attention to the instructor. Training should be done in an “out-
of-forecast office” environment. 

2) Little didactic materials are available to new (or even senior) forecasters; essentially 
none is online except for some COMET modules that do not provide specific material 
relevant to Mexican weather phenomena. New forecasters entering the SMN learn on-
the-job, without standard reference materials. 

3) No SMN staff seems available – at least with adequate meteorological background, for 
developing didactic materials. 

4) The SMN webpage has little in way of public-education materials. Since public use of 
SMN products is critical at some point in the future, this section should be expanded. 

5) Although web page access statistics are being tracked by the Infomatica section of the 
SMN, this information does not appear to be used to modify and further develop the SMN 
webpage. There may be too much emphasis on developing some web products that are 
rarely consulted, at the expense of more popular (and thus more valuable) products.  

6. Proposed activities of greatest importance 

Based on the experiences of the consultant during his mission, some key recommendations are 
offered, along with the rationale for these actions. 

1) A course for all SMN employees to understand different components of the SMN and 
how each component contributes to the forecasting objectives. It is the impression, 
based upon conversations with forecasters, that there has been no comprehensive 
overview of all aspects of the SMN given to new staff being hired. This leaves the 
forecast staff (and all other members of the SMN) without a clear understanding of the 
different roles played by each component of the SMN. It should increase communication 
between all sectors of the SMN if all members of the SMN were to take a course that 
provides an overview of the SMN and its various activities, as well as covering the 
functions of any meteorological service. Such a course might be developed by senior 
SMN staff with the aid of others from outside the SMN. 

 
2) Development of forecaster manuals (digital) to train new forecasters. This is absolutely 

fundamental – the SMN has no training component other than personal interaction with 
senior forecasters. This is problematic because 1) senior forecasters may themselves not 
have the knowledge of newer techniques and procedures for forecasting, and 2) these 
forecasters may leave the SMN at any moment - continuity of knowledge cannot be 
guaranteed.  

Because there are many Mexico-specific aspects of forecasting that cannot be easily 
obtained in foreign training courses (e.g. at US universities) or educational programs 
(such as COMET), it is critical that Mexico-specific materials be developed that can 
provide new forecasters with a rapid introduction to forecasting procedures and 
meteorological phenomena that take place in Mexico. Since many features are best seen 
in satellite or radar imagery, such didactic materials need to be primarily digital in nature 
– though of hard-copy version of some material is desirable. 

3) Expansion of the applied research division to increase development of new forecasting 
techniques. Due to the limited spatial resolution of weather prediction models and their 
inability to resolve the detailed topography of Mexico, direct use of model precipitation (or 
other predicted quantities) output will not be satisfactory for some years in generating 
accurate local forecasts for many parts of Mexico. Statistical relationships need to be 
developed between model forecast quantities and the actual observations at specific 
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locations where observations exist; this technique, known as model output statistics 
(MOS) has been widely used in the US for many years. In addition, the forecasters lack 
any analog prediction procedures, such as might be developed by relating satellite-
observed cloudiness to synoptic-scale conditions. Similar relationships could be 
developed using radar imagery from some of the SMN radars and observations of 
rainfall. 

The almost unlimited possibilities for developing new techniques and products for better 
local area prediction will require a major effort in applied research. This in turn will require 
a substantial increase in personnel in this section of the SMN, as well as personnel with 
a higher level of meteorological education. It is not clear whether the SMN, or 
CONAGUA, will have the resources to obtain and maintain into the indefinite future such 
an activity. 

Finally, though outside the realm of this consultant’s mission, it appears that some re-evaluation 
of the different MOMET components is needed, since many of the proposed enhancements to 
the SMN infrastructure will not have the desired positive impacts on forecast skill and will not be 
sustainable without the well-prepared forecast (and other SMN) staff that does not yet exist. 

To actually carried out the activities mentioned above will require a considerable effort. One 
possible strategy is sketched out in the next section. 

7. Carrying out the proposed activities of greatest urgency. 

7.1.1 Developing educational materials 
Although a summary of all of the SMN components and operations could be mostly done without 
the help of outside consultants, an effort to develop education and forecaster training materials 
would require help from the educational community. In this consultant’s estimation, a 
comprehensive effort to provide materials for both the CNPT and all envisioned regional forecast 
centers of the SMN would take several years to produce. 

It should be stressed that, although MOMET is aimed at the modernization of the SMN, an effort 
to develop education/forecasting materials should aim for a Mexico-wide audience. The SMN, 
CFE, SEMAR, PEMEX and SENEAM together all have training needs. And a handful of 
educational institutions within Mexico also need better educational materials for their students in 
environmental sciences, climate and related fields. These institutions will eventually feed the 
SMN with future employees, so that an investment in educational materials for the Mexican 
university community will also have a positive impact on future SMN needs. Collectively, if would 
be of greater impact overall if a considerable percentage of the educational materials 
development was common to the entire Mexican meteorological community. This would be 
similar to the COMET community, which while mostly funded by the US NWS, is also supported 
by some other major Government entities. Some of the material must be specific to SMN needs, 
as must other forecasting needs for SENEAM, SEMAR, CFE and others. 

Developing educational materials for the Mexican meteorological forecasting community will 
necessarily require 1) a synthesis of existing research results (from publications in the scientific 
literature) suitable for forecasting applications in Mexico and 2) carrying out applied research 
with existing data sets from both research experiments and operational data (not well archived 
by the SMN). Both of these activities will need supervision by members of the research / 
education community – most of the current SMN staff does not have the required background (or 
time) to prepare this material. 

For developing forecasting materials for northwestern Mexico the various field experiments that 



17 

OMM/SMN Evaluation of Nowcasting Techniques and Michael DOUGLAS 
 Recommendations for Improved Use of the Available SMN Resources in the SMN 
 

have taken place in this region since 1990 should be heavily exploited – these observations 
have barely been touched by the Mexican meteorological community. However, for other parts 
of Mexico it will be necessary to use a mix of archived satellite imagery, upper-air analyses (both 
from model products and raw radiosonde observations) and information from the automatic 
surface station network. Also, the PACS-SONET observations supported by NOAA and made by 
the Mexican Navy for some years at key sites in southern Mexico should prove very useful in 
southern Mexico (when blended with satellite and model-based analyses). 

It will be difficult to produce a comprehensive “forecaster’s guide” in less than two year’s time, 
though a useful product should be possible before the end of 2015. The term “forecaster’s 
guide” really refers to a comprehensive educational package that would need to be learned (and 
verified through independent testing) by the entire forecasting staff (including at regional 
centers). To do this will require, in this consultant’s estimation: 

1) Full-time employment for two years of perhaps 4-6 recent Mexican graduates in 
meteorology and geography (licenciatura level at least) – these individuals must have good 
infomatica skills (or the team needs a webpage developer and a scientific programmer). 

2) Supervision (in part) of the work by the consultant, perhaps at 25% time, for the duration 
of the activity. Perhaps half of this time would be in Mexico, the other part would be in Norman. 
The consultant only suggests this because of his involvement in all of the major Mexican field 
programs since 1990 and other collaborations with Mexican institutions. 

3) Assistance of other international meteorologists, perhaps totaling 25% time, for two 
years. 

4) Funds for multiple trips for participants between the US and Mexico. 

5) Consultations with a large segment of the Mexican meteorological community. 

The two-year cost for such an effort might be $500K to $1M – a large sum. However, when 
compared with other components in MOMET, it is relatively small – and should very quickly have 
a positive impact on forecast skill (which is poorly tracked at the moment). 

The above activity need not duplicate any existing UCAR/COMET materials, which while very 
well prepared, are not specific to Mexican meteorological phenomena and the geography of 
Mexico. 

7.1.2 Establishing an applied research branch 
Some SMN research activities are already underway, but they are not sufficient to help in a 
major SMN modernization. Applied research is essential in improving forecasting techniques. 
Such research can range from developing new methods to use satellite imagery for making local 
nowcasts to developing strategies for locating the next generation of automatic weather stations. 
A group of individuals with diverse backgrounds, high level of motivation, and the authorization 
to tackle important and urgent issues is needed. The only requirement initially is to have enough 
individuals with the appropriate backgrounds available for such full-time work. For the current 
CNPT perhaps 6 individuals is sufficient, but probably one to two individuals in each regional 
center need also to be included as integral members of the team. This is similar to the US NWS, 
where one forecaster (with advanced education, often a PhD) in each local office is responsible 
for bringing new technology and forecasting techniques into that forecast office.  

8. Timeline for the proposed activities 

The consultant is not aware of all of the constraints related to the funding or need to complete all 
activities by a certain date. However, the suggestion below for a timeline of proposed activities 
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is, in the consultant’s belief, within the realm of feasibility. The most important objectives, upon 
which the success for SMN forecasting depends are the development of the forecaster’s training 
materials (“manual”) and the design and required taking of an orientation course so that all SMN 
staff understand basic aspects of every SMN activity. 

8.1.1 Timeline for proposed activities 
Development of orientation course: May 2014-August 2014 

Completion of orientation course by SMN personnel: September-December 2014. 

Development of applied research products: May 2014-May 2016. 

Development of forecaster’s manual (first draft): May 2014-December 2014. 

Development of revised version of forecasters manual: September – December 2015 

In reality, the development of educational materials never ends, but these are plausible 
deadlines for the implementation of basic materials that should have wide utility. 
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Annex 1 – Adaptive radiosonde observations 

Adaptive sounding arrays for tropical regions 

(From 2010 AMS Conference on Tropical Meteorology, Tucson, AZ) 

Michael W. Douglas NOAA/National Severe Storms Laboratory Norman, Oklahoma 
Michael.Douglas@noaa.gov 

Abstract 

The advent of low-initial cost radiosonde systems (relative to previous systems available on the 
market) affords the possibility to establish radiosonde networks that can be operated on- 
demand. This paper describes the essential requirements to affordably operate such sounding 
networks, with particular application to the region of the western Atlantic. Key to the 
effectiveness of such adaptive networks are 1) low initial cost of the sounding system which 
permits many sites to be established, 2) relatively infrequent need for observations (saving on 
sounding costs), 3) availability of personnel that are paid by observation rather than full-time 
staff, and 4) suitable locations that exist for additional sounding sites. Two-way communications 
with the stations is critical, since the observations would be on- demand. The greatest challenge 
is likely to be in deciding when to make observations – which observations are likely to have the 
greatest impact and over what time frame? A comparison will be made between the current 
hurricane season “enhanced” sounding network in the Caribbean Sea region and what might be 
possible for the same budget via an adaptive strategy. 

1. Introduction and Motivation 

Radiosonde measurements remain one of the more costly activities for most meteorological 
services that continue to make them. In many developing countries the cost of operating one 
radiosonde station, making once-daily observations, can equal the salary outlay for the entire 
forecast staff. Yet the perceived benefit of the observations may not always be apparent to the 
meteorological service when compared with other activities. 

The recurring cost of radiosonde observations, their requirement for human intervention 
(reduced, but not eliminated in some automated versions), and the need for moderate 
infrastructure (balloon shelters, gas supplies and receiving and processing equipment) has led 
to calls for their reduction or elimination in favor of other 

observations, or blend of observations. To date this has not yet happened because no 
combination of remote sensing systems can reproduce the high vertical resolution of 
radiosondes under all-weather conditions. Observing system sensitivity tests have continued to 
show that radiosonde observations are the most important single component of the upper-air 
observing network over the northern hemisphere. 

Nonetheless, the budgetary burden of operating radiosonde networks is real and many parts of 
the world cannot maintain dense sounding networks comparable to those in developing 
countries. The costs of a routine radiosonde station can be broken down into a few main 
components. These are as follows: 

1) Radiosondes, which for GPS sondes are near $200/each, though this depends on the 
quantity purchased and the vendor. 
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2) The radiosonde receiver/processor (ground station), which has in past decades cost on the 
order of ~$50-$100K, again depending greatly on the vendor and the software and hardware 
options. 

3) The gas supply – most commonly a hydrogen gas generator, using electricity and pure water. 
These generators, are most cost effective for larger balloons and frequent (at least daily) 
observations. However they can cost ~ $50-100K each, with recent figures closer to the upper 
value. They require special electrical, plumbing and safety considerations as well as careful 
maintenance. 

4) A balloon inflation shelter. A permanent building - sufficiently large to inflate a large balloon 
and with large doors is usually required. This can be a considerable expense, depending on the 
country. Let us say $50-$100K for discussion. 

5) Communications equipment to transmit the data. To reduce labor costs most radiosonde 
stations are located near other meteorological facilities, often international airports. 

6) Observers trained to carry out the radiosonde observations. 

Taken together, items 2)-6) must be in place before the first operational radiosonde can be 
launched. This implies an initial outlay of from $150K - $300K - using the above numbers and 
excluding communications infrastructure, power lines, observer training etc. These costs should 
be compared against the labor costs of many developing country met services, where an 
observer may make only a few hundred dollars a month and a forecaster less than $1000/mo. 

The relatively large initial outlay required to establish a conventional radiosonde station has in 
part contributed to the relatively small number of stations in many parts of the world. The 
problem is compounded because the large initial outlay forces a meteorological service to fully 
utilize their substantial investment. This requires frequent radiosonde observations (at least 
daily) that the NMS’s annual operating budget may not be able to sustain. Even where foreign 
donations have covered the initial establishment of a sounding site, the consumables are rarely 
completely covered by donations, and often the station goes “silent” when stocks of radiosondes 
are depleted. 

2. Impact of New Technology 

Several relatively simple, low technology developments have in the last few years improved the 
possibilities for expanding radiosonde coverage in many regions. Some of these are a 
consequence of commercial developments independent of meteorology, while several are an 
outgrowth of meteorological activities. 

The increasing availability and reliability of the internet as a means of communicating data has 
now allowed remote locations to communicate observations without the need for dedicated 
communications networks and for observations to bypass problematic communications nodes. 
Personal computers can now process and display data locally at the observing site for 
(potentially) improved quality control. And for truly remote locations there is more-affordable 
satellite communications that a decade or two ago. 

Unfortunately, the improvements in internet availability, personal computers and satellite 
communications can only slightly reduce the actual cost of radiosonde observations, and have 
little effect on either reducing the initial cost of establishing a station or on its annual operating 
costs. 
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Fortunately, two developments in meteorology technology have occurred to potentially reduce 
the cost associated with establishing radiosonde stations. The most important is probably the 
marketing of low-cost radiosonde ground stations. That is, a number of manufacturers have 
reduced the purchase price of certain versions of their ground stations, in some cases by almost 
an order of magnitude relative to costs a decade earlier. Fully-functional systems can now be 
obtained for $6 - $10K from several vendors, with more companies offering systems only 
moderately higher. A second item that can be important, especially for remote locations, is that 
hydrogen gas for balloon inflation can be more easily obtained with the aid of new portable 
generation units. Finally, the evolution of radiosondes in recent years towards lower-weight units 
(most are now near 200-300 gm) means that smaller balloons and less gas can be used for 
tropospheric soundings. This in turn means that smaller balloon-inflation shelters are needed 
and low-cost portable shelters are commercially available. 

Taken together, the developments in radiosonde- and gas generation-related technology mean 
that establishing radiosonde stations is now considerably more affordable than in previous 
years. 

Unfortunately, all of this is not enough to convince most met services to increase their 
radiosonde station density, since the actual daily cost of operation remains high, and has not 
decreased much over the years. To operate denser radiosonde networks a further step is 
required – they must be operated adaptively. 

3. Adaptive radiosonde networks and requirements for their economical operation 

Adaptive observations are not new. On-demand, “special” radiosonde observations have been 
made by the US NWS for decades, usually for severe weather or hurricane-related forecast 
concerns. More spatially-flexible observations include the dropsonde soundings made by 
hurricane reconnaissance aircraft, either for research or forecasting objectives. Such 
observations are also made over the Pacific Ocean for winter storm forecasting. 

To justify establishing additional radiosonde stations to improve the spatial-density of sounding 
observations a number of factors must be considered. The key requirements for a radiosonde 
network to be spatially-dense: 

1) an adaptive network must be adaptive – that is the priority days when observations are 
needed should be a small fraction of the total number of days in the year. Otherwise the annual 
cost of operation per station will be high. A single radiosonde observation, for discussion here, 
costs about $300 for a developed country Met Service. This includes $150 for the GPS-
radiosonde (some volume discounts to get this number, otherwise near $200), $25 for the 
balloon (typically 300gm or 600gm), $25 for the gas and $100 for the labor and miscellaneous 
costs. These numbers vary from country to country but $250 would be near a minimum even in a 
developing country and volume discounts might not apply to relatively small radiosonde 
purchases. 

Applying these numbers to estimate the cost of a routine radiosonde station we find that for 
once- daily observations (~400 observations per year assuming ~ 10% extra launches to 
account for radiosonde in-flight failures and some special off- time observations) the annual cost 
is $120K, and $240K for twice-daily observations. These are enormous numbers for most 
NMS’s, and the operating cost for one radiosonde station can easily exceed the budget for the 
entire forecasting staff. 

2) observers should be paid per-observation. This is important if new observing sites are to be 
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established. If relatively few observations are made per year it is not efficient to have full-time 
staff to make the observations. It is more cost- effective to train individuals at a new site to make 
the observations and pay a motivational fee per observation than to underutilize full-time staff. 
Even at $50/per observation (a substantial amount for ~2 hours work) the cost of 100 
observations per year is only $5K. 

3) two-way communication between forecast centers and observation sites is essential. Since 
the observer would have to be notified of a required launch some hours (perhaps 12) in 
advance, reliable two-way communication (most likely internet) would be required between the 
network operations center and the observing site. Only for a relative few island stations would 
this require satellite communications. 

4) important forecast conditions must be identifiable. This is probably the most essential 
requirement for any adaptive observing system, of any kind. For any forecast system / 
meteorological service to continue to exist, the value of its services must exceed the cost of 
providing them. Every day presents a forecasting challenges and potential value from a good 
forecast. But conditions on some days require more accurate predictions so that greater 
economic impacts can be realized. The most apparent example of this is hurricane forecasting, 
where an accurate 3-day track forecast allows ships to move out of the storms path, aircraft to 
be evacuated from airports, or coastal residents to evacuate or prepare for the storm’s arrival. 
Many of these actions require more than a day’s notice, and the longer the lead-time the more 
the potential savings. Conversely, a poor forecast would lead to an over-warned area and much 
needless expense. 

To have a positive impact on numerical weather prediction adaptive observations need to be 
made in advance of the phenomena to be predicted, so that effective action can be taken. In the 
example, a strong tropical wave or tropical storm crossing over the Lesser Antilles would be a 
clear signal than special observations would likely be required over the western Caribbean Sea 
region in following days. 

This paper focuses on the use of adaptive radiosonde networks for improving hurricane 
prediction precisely because it is probably the most important meteorological event that can 
benefit from improved prediction days in advance and the conditions requiring adaptive 
observations can be relatively easily determined. The less- strong the economic impact of a 
particular event, the more effort will be required to justify the cost of additional observations. 

5) station establishment costs must be low. The cost of different components of a radiosonde 
station mentioned earlier are critical in establishing a new radiosonde station. If the initial costs 
can be made small enough then there is no dis-incentive to establishing more stations. To this 
end, the use of a) low-cost radiosonde systems with b) smaller balloons (100-200gm), inflated 
with hydrogen gas from cylinders or gas-on-demand systems, allows for c) small inflation 
shelters. With these conditions, an adaptive GPS- radioosnde station can be established for less 
than $25K, fully one order of magnitude less than possible several decades ago. 

One cannot over-emphasize the importance of a low set-up cost for an adaptive sounding 
station. Currently, a meteorological service choosing to invest possibly $250K in a “top-of-the 
line” new upper-air site, has pressure to fully utilize the new resource. This implies another 
$120K or more annually for daily observations. Eventually the initial cost becomes a small 
fraction of the total operational cost of the station over the station’s lifetime. But for an adaptive 
site, with few observations per year, the initial cost will be a much larger fraction of the overall 
cost of the station. There will be reluctance to spend large sums on a system that operates only 
sporadically, thus the need for adaptive sites to have low set-up costs. 
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4. Revamping the Western Atlantic/ Caribbean Basin Hurricane sounding network 

Currently the US NWS supports special 00Z radiosonde measurements during the hurricane 
season, in addition to the regular 12Z observations. This involves supplying additional 
expendables to a number of sites (~10) in the Caribbean Sea region to make a second- 
observation per day (00Z) during a period from roughly June through September. The total 00Z 
observations is approximately 800, from information available from the US NWS: 

http://www.nws.noaa.gov/iao/ia/hom/IAOChuas.php 

Could there be a more effective use of equivalent resources? Suppose that there are 30 days 
each hurricane season when hurricanes, tropical storms or developing depressions are present 
in the Caribbean Sea region. This might be an underestimate some years and an overestimate 
other years but is a plausible number. Now suppose there are 10 additional adaptive radiosonde 
stations in addition to the 10 NWS- supported routine network sites. Twice-daily soundings for 
the 30 days would require an additional 900 soundings. This is only slightly higher than the 780 
soundings currently supported, and would double the number of soundings available on the 
priority hurricane days. 

Adaptive observations could be further optimized by making only 12Z observations, when all 
other stations are also generally making observations. This would permit twice as many stations 
to be operated adaptively (see Fig. 1 for an example of possible networks). Further optimization 
could be obtained by selecting the geographical region for the adaptive soundings on a daily 
basis. Forecasts of a tropical storm developing in the southwest Caribbean would benefit from 
additional sounding over Central America and the western Caribbean but might benefit little from 
an additional observations in the eastern Caribbean. Or a landfalling hurricane in Texas might 
not benefit much from additional observations in the Bahamas. An efficient adaptive network 
requires that the network’s observations be optimized for the forecast challenge at hand. Like 
any meteorological observation used for forecasting, the observation’s value must exceed the 
cost. 

5. Adaptive networks for weather forecasting, climate monitoring, and research 

Adaptive radiosonde networks need not only be used for high-impact weather forecasting, 
though that application might be the easiest to justify. Spatially-dense soundings could be used 
to monitor climate in a systematic manner, providing more detailed “snapshots” at lower time-
resolution than the routine sounding network. Such observations could detect systematic 
problems with routine data assimilation of less-dense observations, or could reduce model drift 
in regions with few in-situ observations. Some island sites, well removed from land areas, could 
help with over-ocean satellite calibrations. 

Adaptive stations could be used for on-demand observations to aid in research studies. A strictly 
hurricane-focused network would not permit, for example, studies of cold surges and their 
impact along the Caribbean coast of Central America. A research effort to study such features 
could use an adaptive network to provide observations just when needed over the course of one 
or more cool seasons. Innumerable such research applications are possible, which could be 
funded independently by the particular research project. 

Thus, it may be that the most effective adaptive network for a given region includes components 
that are funded for climate monitoring, high-impact weather forecasting, and specific research 
programs. An example of such a sounding network (similar to Fig. 1) might be developed for the 
Intra-American Seas region as part of the upcoming Intra-Americas Climate Study Program 
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(IASCLIP) program. This program will have a climate research focus that might include 
monitoring and process studies (yet undefined). Yet such a network, if developed, would also 
have a high-impact weather capability. Critical to such a capability is the ability to make the on-
demand observations at short notice, this is discussed next. 

 
 
Fig. 1. Example of a hypothetical radiosonde network over the Caribbean Sea region including 
both routine (red) and adaptive (yellow) stations. 

6. Coordination of an adaptive network 

Operating an adaptive network would present challenges not found in routine radiosonde 
networks. Adaptive stations must be notified in advance of a required observation – 12 hr might 
be a reasonable expectation. While this would be easiest via email, satellite phone calls might 
be needed for island sites, requiring a coordinator for the responsible site. 

The main difficulty in operating an adaptive network is deciding when to request observations 
and what stations to involve. For a network as shown in Fig. 1, extending from western Mexico 
to the eastern Caribbean, it would be necessary to specify both the stations to operate and the 
duration of their observations (and perhaps also whether they should be 00Z and 12Z or both). 
Such decisions would most likely need to be made by a committee of forecasters selected to 
represent the region’s economic and forecasting interests, as well as the National Hurricane 
Center staff. A daily conference call during the summer or a default plan of the day initiated by 
the NHC and then subject to comment by the committee might be effective. 

Although there are objective procedures to identify regions of sensitivity in the initial analysis and 
the best regions for targeted observations, the lack of mobility of the adaptive stations 
(compared with aircraft for example) reduces options for precise placement of observations. 
However, for the hypothetical network of 22 sites shown in Fig 1, not all sites would make 
observations on every adaptive-observation day. 
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7. Economic aspects of adaptive networks 

There is a fundamental premise to the adaptive network – that additional observations will have 
a greater economic impact on high-priority forecast days and that the positive impact will be 
larger than the cost of making the observations. This premise is rarely verified for even routine 
observing networks, as the quantification of forecast benefit for incremental improvements in any 
observing network is rarely done. 

For a “go-day” for a 20-station adaptive network the direct costs would on the order of $6K, 
using the numbers in Section 3. For a tropical depression intensifying in the SW Caribbean Sea 
(Fig. 4) or a hurricane crossing the central Caribbean this is a small investment for an 
incremental increase in forecast confidence. But for events of less-clear importance and 
economic impact the call for a “go-day” may be more difficult and would need prior discussion. In 
fact it is reasonable to expect that different events in different parts of the basin should be 
stratified in advance, with different stations designated to make observations when such events 
occur. 

To avoid the situation where one country in a multi-national adaptive network such as shown in 
Fig. 1 decides to opt-out because of difficulty in justifying the observational costs, such networks 
should really be collaboratively-funded and operated. The current US-supported Hurricane 
Network across the Caribbean Basin is one such example. Another is the ASECNA upper-air 
network in parts of Africa (Fig. 2). Such a network would need a dedicated coordinator for 
improved operation, capable of solving issues as they arise. 

Geography will ultimately determine the density of stations possible in an adaptive network, with 
oceanic regions without islands being devoid of observations while land areas can be sampled 
without limit if so desired. At some spatial density the asymmetries between oceanic areas and 
land areas will limit further forecast skill, at least for plausible investments in sounding 
infrastructure. 

By themselves adaptive radiosonde stations cannot cover the entire forecast domain, which is 
mostly oceanic. However, they can provide peripheral observations that can free the aircraft 
resources needed for oceanic synoptic reconnaissance such as provided by the NOAA G-4 or 
USAF C-130 aircraft. Together, both the adaptive sounding sites and the aircraft dropsonde 
missions can cover a larger region more effectively than either alone. A single aircraft synoptic 
reconnaissance mission (~8 hrs + 20 or more dropsondes) may cost ~$50K, this is similar to a 
20-station adaptive radiosonde network making measurements at 8 synoptic times. Thus, an 
adaptive array can help provide the time continuity over the synoptic scale that aircraft missions 
cannot affordably do. 

By way of example, suppose that an adaptive Intra-Americas radiosonde network makes 
operational hurricane-related observations at all 20 sites on 40 days (800 obs). Then 5 
observations per month are made throughout the year at all sites, for climate-monitoring (1200 
obs). And finally, 30-observations times per year for research projects (600 obs). At $300/ob, 
this totals $780K. Substantial, but comparable to a major research project by a university faculty 
member. Modest variations in the above numbers would be expected from year-to-year, based 
on hurricane activity and research project activity. 

8. Other regions suited for adaptive networks 

The examples above have focused on the Caribbean basin region, since adaptive observations 
there have the greatest potential for economic impacts on the US. However, most regions can 
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benefit from adaptive sounding strategies. What is required is a clear perception of the important 
weather events that need to be forecast better and that such events be somewhat uncommon 
and the initial conditions for their occurrence need to be somewhat predictable. For example, in 
West Africa it might be important to predict the rainfall associated with African easterly waves. 
Rainfall with such waves generally occurs from June through September. Thus an adaptive 
radiosonde network dedicated to improving such forecasts might operate only 4 months per 
year. And within those 4 months it might be possible to make observations only every other day, 
providing better initial conditions every 48 hr. In this manner such a network would make only 
16% the number of observations made by a year-round, daily sounding network. Put another 
way, six such adaptive stations could be operated for the cost of one routine station. 

 
 

 
 

Fig. 2. Example of West African routine radiosonde network (top) and possible adaptive sites 
(below) designed to complement the routine sites. 
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Fig. 3. Potential adaptive sounding sites on inhabited islands with reasonable infrastructure in 
Western Pacific. Sites in Philippines are shown in yellow circles. 

The western Pacific is another potential region for adaptive observations, though the island 
distribution is not ideal for improving tropical cyclone prediction in the NW Pacific. Many islands 
already have routinely operating radiosonde stations. The main opportunity for adaptive sites 
appears to be in the Marshall Islands and in the Philippines (Fig. 3), which has a very limited 
sounding network. 

9. Final thoughts 

With recent improvements in radiosonde technology, gas availability, and internet and satellite 
communications, adaptive radiosonde networks can be established today. To fund and operate 
such networks will require good coordination between diverse interests and supervision at the 
international level by both the operational and research sectors. And, like all other aspects of 
weather forecasting, the issue of cost versus benefit needs to be addressed, as it should be with 
all other observing systems. 
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Annex 2 – Websites of Radar Imagery 

 

College of Dupage, Illinois: 

http://weather.cod.edu/satrad/# 

 

Research Applications Program (UCAR): 

http://weather.rap.ucar.edu/radar/ 

 

Oklahoma Mesonet radar displays: 

http://www.mesonet.org/index.php/weather/category/radar 
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Annex 3 – Initial report to SMN, 4 September 2013 
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