
73rd International Astronautical Congress

1

Vela

A Data-Driven Proposal for Joint Collaboration in 
Space Exploration

Holly Dinkel1, Jason Cornelius2

1 The University of Illinois at Urbana-Champaign, Illinois, USA
2 The Pennsylvania State University, Pennsylvania, USA



73rd International Astronautical CongressOutline

Motivation

Rationale for Work

Multinational Approach

Space Capabilities

Launch Capabilities

Human Spaceflight Capabilities

Mars Exploration Capabilities

Space Agency Funding 
Analysis

Budget Dataset

Econometric Analysis 
Procedure

Budget Modeling

Vela

Mission Scenario

Cost Analysis

Conclusions

Future Work

2



73rd International Astronautical Congress

3

• Large space exploration missions will benefit from programmatic 
redundancy such as:

1. Redundant technological capabilities in the event of a malfunction.

2. Redundant funding capabilities to ensure continuity of mission financial 
support.

3. Redundant programmatic capabilities for efficient resource allocation.

Motivation and Rationale

Mission scenario proposed to achieve the technical, financial, 

and programmatic redundancy necessary for a manned Mars mission.
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• This work proposes a cooperation scenario between five space 
agencies: China, the European Union, Japan, the Russian Federation, 
and the United States, based on

1. All five space agencies manufactured and launched heavy-lift launch vehicles 
capable of performing deep space missions.

2. All five space agencies successfully developed and launched space station 
habitats capable of supporting human life in space.

3. All five space agencies launched robotic missions to Mars.

4

Multinational Approach
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Launch Capabilities

• Current and 
proposed super-
heavy lift launch 
vehicles

• Capability to send 
crew and habitat 
modules to deep 
space

Figure 1: Super-Heavy Launch Lift Vehicles (Existing and Proposed)



73rd International Astronautical Congress

6

Table 1: Human Habitat Development for LEO

Human Spaceflight Capabilities

• Summary of modules 
developed by the five 
agencies under 
consideration

• All agencies have 
heritage knowledge 
creating long-duration 
space habitat modules
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Table 2: Exploration Missions to Mars

Mars Exploration Capabilities

Diverse experience launching missions to Mars and sustained infrastructure of mars orbiters
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Space Agency Funding Analysis

• Aim to understand funding situation of 
each agency and trends that guide the 
space budgets

• Collected a budgetary dataset for each 
agency

• Carried out an econometric analysis of the 
space budgets
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Table 3: Example Macroeconomic Data for China

Budget Dataset

Note: The CNSA and Roscosmos space agency budget data are 

unofficial estimates. Official budget data are unavailable.
Note: Above dataset will generate pre-pandemic budgetary trends.

• Time series budgetary data 
collected for each agency.

• Space budget, GDP per capita, 
researchers per million, military 
spending, education spending, 
science R&D spending collected 
from 1998 through 2020.

• Some 2021 and 2022 values not 
yet available.
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Econometric Analysis Procedure

• Goal: Determine relationship (or sensitivity) of space budget with other 

macroeconomic and political factors.

• Procedure: Use the Johansen Vector Error Correction Mechanism (VECM) 

approach to predict space agency budget as function of multiple variables.
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• In some instances, 
multiple co-integrating 
relationships were found 
in the data.

• In these cases, multiple 
model specifications 
used to fully capture the 
between-variable trends.

Table 4: ESA Model Specifications

Space Budget Modeling Example: EU
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∗Statistically insignificant correlation at 5% Confidence Interval

∼Conflicting results from two different model specifications, value with larger Z-score used

Table 5: Variable Correlation with National Space Budgets

Space Agency Budget Trends

• Table 5 highlights the trends of each agency's space budget with other 
economic indicators

• Space budgets highly correlated with political decisions and geopolitical events

Multinational funding approach required to ensure financial stability throughout planned mission.
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Image: Lockheed Martin Space

Crew vehicle

Station modules

Vela Mission Scenario
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Vela Mission Modeling

*Vela Budget is 36% greater than estimated fixed costs, which controls for some level of operational 
costs over mission.

• Proposed 
2021 budget 
allocations as % 
of total space 
budgets

• Vela budget and 
fixed costs
• Fixed costs 

include modules 
and rockets
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• International cooperation provides technological, financial, and 
programmatic redundancy.
• This redundancy reduces risk and improves odds of mission success.

• Cooperation enables ambitious space mission viability in the short-
term.

• Five-year financial plan proposed to fully fund a manned Mars mission with 
36% additional funds available beyond direct costs for operational expenses.

• Cooperation enables mission sustainability in the long-term.

• International partnerships and commitments increase likelihood of completing 
the mission.

Conclusions
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• Consider collaboration among a larger group of cooperating 
government space agencies in econometric analysis and mission 
planning.

• Perform a higher-fidelity mission plan for a human mission to Mars:
• Incorporate scheduling constraints due to funding availability.

• Incorporate operational, overhead, and diplomatic costs involved with a 
human Mars program.

• Incorporate timeline constraints due to launch window availability.

• Consider future reusability of super heavy-lift launch vehicles in mission cost 
estimation.

• Integrate econometric analysis and mission planning analysis by 
using the econometric models to forecast space agency funding 
levels.

Future Work
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