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1. INTRODUCTION* 
 

In launching aerospace vehicles (rockets and 
space vehicles), the weather and environmental 
conditions are crucial. The process of "GO" or "NO 
GO" decision making can be extremely complex, 
depending on environmental conditions and the 
uncertainty of information. For a correct decision to be 
made, all the operational procedures have to be 
mapped, limiting weather factors have to be identified, 
and the infrastructure at the launch centers has to be 
analyzed, among many other aspects. That is, 
weather risk and decision analysis with a systemic 
view has to be carried out. 
 Although these procedures are widespread at 
other space programs in the world, with many papers 
in the scientific literature (Case et al., 2005; Merceret 
et al., 2006; Kuk et al., 2011; Devyatkin et al., 2012), 
in Brazil specific studies in space activities are still at 
a preliminary stage. Therefore, this paper is intended 
as the first to use mapping and application of 
Aerospace Meteorology – AM (definition from 
Vaughan and Johnson, 2011) in the Brazilian Space 
Program, considering the different actors and 
operational aspects of vehicles launched from Brazil. 
 
2. THE BRAZILIAN SPACE PROGRAM 
 

The Brazilian Space Program (PEB) began 
operating in 1965 with the launch of the first sounding 
rocket from Brazil (Brasil, 2005; Prado, 2011). In the 
late 1970s the Brazilian government established the 
Brazilian Complete Space Mission, which defined 
three main goals for the PEB: to launch a satellite with 
a rocket, both made in Brazil, from a Brazilian launch 
center (Brasil, 2005; 2008; Prado, 2011). Since then, 
two institutions have been central to Research and 
Development (R&D) at the PEB: Institute of 
Aeronautics and Space (IAE), and the National 
Institute for Space Research (INPE). 

Brazil currently has two centers to launch 
aerospace vehicles: Barreira do Inferno Launch 
Center (CLBI), at geographical coordinates lat 5º 55’ 
30’’S; long 35º 10’ 00’’W and Alcantara Launch 
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Center (CLA), lat 2º 19’ 05’’S; long 44º 22’ 04’’W. 
Important to mention that the IAE, CLBI and CLA are 
organizations of Department of Aerospace Science 
and Technology (DCTA). 

Figure 1 presents the current institutional model 
for the main organizations operating in the Brazilian 
Space Program. It is worth noting that space policy is 
established in Brazil by the Brazilian Space Agency 
(www.aeb.gov.br). 
 

 
Figure 1: Institutional model of PEB (only operational 

institutions) 
 

In Figure 2 are the locations of the main PEB 
institutions. It is important to mention that the two 
launch centers in Brazil are close to the equator. 
 

 
Figure 2: Map of Brazil showing the location of the 
main institutions in the Brazilian Space Program. 



 
 In Figures 3 and 4 are photographs of the Barreira 
do Inferno Launch Center (CLBI) and Alcantara 
Launch Center (CLA), where sounding rockets and 
satellite launch vehicles are launched from Brazil. 
 

 
Figure 3: Aerial photo of the Barreira do Inferno 

Launch Center (CLBI), in Natal/RN. 
 
 

 
Figure 4: Aerial photo of Alcantara Launch Center, 
with the Brazilian Satellite Launch Vehicle (VLS-1) 

and the Tower of Integration. 
 
 Currently, the Brazilian Space Program is being 
restructured among different institutions in the 
country. Moreover, there is a strong possibility of the 
company Alcantara Cyclone Space (ACS) launching a 
liquid-propelled satellite launch vehicle. ACS is a 
Brazilian–Ukrainian government company, which was 
established in 2005 to launch the space vehicle 
Cyclone-4, with liquid-propellant and capable of 
putting 1,600 kg into orbit. (Brasil, 2012; Devezas et 
al., 2012). 
 
3. MATERIALS AND METHODS 
 

In order to survey the use of Aerospace 
Meteorology in Brazil, 13 interviews with different 
stakeholders in the Brazilian Space Program were 
conducted. They were divided into 3 groups: 

1) “meteorologists” and atmospheric scientists 
(5 interviews) 

2) “direct users” of weather information (5 
interviews) 

3) “top decision makers” – directors, the chief of 
general operations (3 interviews) 

 
A Problem Structuring Method (PSM) was used to 

analyze the interviews (Rosenhead, 1996; Rosenhead 
and Mingers, 2001), known as Strategic Options 
Development and Analysis, or SODA (Eden and 
Ackermann, 2001; Georgiou, 2010). SODA uses 
cognitive map techniques and is one of the most 
widespread methods in operational research. SODA is 
used for group decision making in complex situations 
(Ackermann and Eden, 2001, Eden, 2004). 

One of SODA’s goals is to build a map that 
incorporates the goals for each stakeholder involved 
in decision making at an organization. Therefore, it is 
possible to integrate the participants into a collective 
reflection of the problem (Georgiou, 2009). 
 The SODA Map approach is the basis of George 
Kelly’s psychological theory of personal constructs, 
i.e. of bipolar construct design (Eden and Ackermann, 
2001). According to Georgiou (2010), SODA Maps 
use a construct mapping methodology, as opposed to 
one that involves concept mapping. In the interviews, 
the constructs are identified (viewpoints) and the 
relationship with the decision-making process is 
identified through the bipolar design. The maps can 
be individual and / or aggregated. In this article, only 
the maps will be presented with an aggregated and 
simplified analysis. 
 In a SODA Map the constructs are structurally 
categorized according to certain basic types. This 
paper will only highlight the tails, heads, and strategic 
options (constructs with immediate links to a head). 
For more information about SODA, see the 
references: Eden and Ackermann, 2001; Georgiou, 
2010. 
 
4. RESULTS 
 

The interviews surveyed the current situation of 
the use of Aerospace Meteorology during launch 
operations for aerospace vehicles. The respondents 
were also individually encouraged to indicate what 
points should be improved. 
 Besides the interviews being classified into three 
groups for faster analysis, the subjects discussed 
were divided into thematic clusters (colors on SODA 
maps), as follows: 

� gray: related to senior management of PEB 
� yellow: infrastructure in the launch centers 
� blue: technical staff and crew 
� orange: methods and processes (general 

procedures) 
� white: operational/ strategic vision of 

activities of the PEB 
 
 Figure 5 shows the aggregate and simplified map 
for the group "meteorologists". The full map is shown 
in Appendix, Figure A-1. 
 



 

 
Figure 5: Constructs affecting 10 (aggregate and 
simplified map) for the "meteorologists" group. 

(AM = Aerospace Meteorology) 
 
 
 Figure 6 shows the aggregate and full map for the 
"direct users" from the weather information group. 
 

 
Figure 6: Aggregate and full map for the “direct users” 

group. (AM = Aerospace Meteorology / NWP = 
Numerical Weather Prediction) 

 
 
 For interviews with the "top decision makers" 
group, the aggregate and simplified map is shown in 
Figure 7. The full map of this group is presented in the 
Appendix, Figure A-2. 
 

 
Figure 7: Constructs affecting 23 (aggregate and 

simplified map) for the "top decision makers” group. 
(AM = Aerospace Meteorology) 

 
 
5. DISCUSSION 
 

Although this is a preliminary analysis, applying 
the SODA methodology made it possible to identify 
several of the same aspects among the three groups 
of respondents. The first aspect was that Aerospace 
Meteorology is not used as an effective tool for 
decision making in the launching of aerospace 
vehicles. That is, the weather forecast does not 
change the mission schedule. According to the 
respondents, weather conditions are monitored in real 
time but not used in the decision making process, 
which is personalistic and has no procedures. 

Aerospace Meteorology became more relevant for 
stakeholders after the 2003 accident with the Brazilian 
satellite launch vehicle (VLS-1), which killed 21 
Brazilian experts (Brasil, 2004; Johnson and Almeida, 
2008); and after the 2004 international launches with 
a Brazilian sounding rocket VSB-30 (Garcia et al., 
2011). With this international experience, it was 
possible for some Brazilian technicians to identify 
gaps and potential improvements in procedures. 
Moreover, these two events caused a paradigm shift 
among those involved because of the increased risk 
perception of space activity and the relationship with 
the end customer (the owner of the payload) has 
gained a lot in importance. 
 CLA is currently the only launch center in Brazil 
with the capacity to launch all the Brazilian aerospace 
vehicles in operation. However, the fact that this 
launch center is geographically remote and has 
insufficient infrastructure causes a number of 
operational issues, such as a lack of technical staff on 
site, a high turnover of technical staff, and it needs to 
move an outside team (from IAE and / or CLBI, about 
2,300 km and 1,100 km away, respectively) during the 
launch operations. 
 Another relevant characteristic identified in the 
interviews is the perception of risk (Slovic, 1987) in 



the "top decision makers" group. For this group, the 
weather is important, but is not considered a high risk 
factor. One example is that during launch operations, 
the meteorology team is under the flight safety group. 
This indicates that weather information is relevant only 
at the time of the launch of the aerospace vehicle 
without considering preceding (integration) and 
following (e.g. recovery of the payload) steps. 
 A common thread to all groups of respondents is 
low interaction of Research and Development with 
operating Brazilian launching centers. The results of 
this low interaction are little theoretical risk analysis 
using Aerospace Meteorology (e.g. gas dispersion 
from rockets or accident scenarios in launch 
operations). A good example of this interaction is the 
Applied Meteorology Units at the Kennedy Space 
Center, which use the method: “bridge the gap 
between research and operations” (Madura et al., 
2011). 
 
6. CONCLUSION 
 

Although the Brazilian Space Program is  
approximately 50 years old, three recent events have 
brought about a change of view among Brazilian 
stakeholders: a) the accident involving the VLS-1 in 
2003, b) the recent international launch operations of 
sounding rockets with payloads since 2004 and c) the 
possibility of launching commercial satellites by 
Alcantara Cyclone Space (from 2005). It is precisely 
this shift in perspective (a new paradigm), which has 
made different stakeholders begin to think about 
problems not considered before. For example, only 
after 2007 (over 25 years after its creation) were a 
Weather Radar (X-band) and a Wind Profiler Radar 
purchased for the Alcantara Launch Center. This was 
difficult situation, since both meteorological 
instruments are essential to a good short-term 
weather forecast. 
 In the case of low risk perception among the Top 
Decision Makers regarding meteorology in aerospace 
launch operations, it may be more closely associated 
with two particular situations in Brazil: a) the low 
number of aerospace vehicle launch operations (less 
than 1 per year); b) some Brazilian stakeholders do 
not consider meteorology activities important despite 
its tropical extreme weather events, since it does not 
have a hurricane season or harsh winters. 

A series of strategic options (constructs with 
immediate links to the head) to develop Aerospace 
Meteorology activities in Brazil were identified in every 
group. Although the findings are preliminary, the 
common options among all the groups can be 
highlighted: 

� Improve infrastructure to support 
meteorology and keep equipment operating 

� Make a specific weather forecast for each 
type of mission and aerospace vehicle, with 
the development of numerical weather 
prediction and optimized procedures 

� Conduct research in risk and decision 
analysis in Aerospace Meteorology in 
Brazilian parameters 

 
7. DIRECTIONS FOR FUTURE RESEARCH 
 

The following are suggested for future work: 
� Increase the number of respondents 
� Review SODA maps among all respondents 
� Identify best practices and potential 

improvements for the development of 
Aerospace Meteorology in Brazil 

� Implement a Multi-Criteria Decision Making 
(MCDM) method to implement the 
improvements identified 

� Draw up risk analysis and evaluate 
environmental factors limiting the launch of  
Brazilian aerospace vehicles 

� Parameterize a Decision Support System 
(DSS) using Aerospace Meteorology 
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10. APPENDIX 
 

 
Figure A-1: Full SODA Map of the "meteorologists" group 

(AM = Aerospace Meteorology). 
 
 
 
 

 
Figure A-2: Full SODA map of the "top decision makers” group 

(AM = Aerospace Meteorology). 
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