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Despite this suggestion, little work has been done to
investigate what drives joint systems towards increased cost
and complexity or to develop a framework that will enable
mission planners to more effectively evaluate future
opportunities for mission combination and collaboration.
We initiate this effort by identifying sources of technical
complexity and by illustrating how technical complexity
affects mission planners’ decision to establish a joint
program. In this paper, we use a prime example of mission
combination and collaboration, the National Polar-Orbiting
Environmental Satellite System (NPOESS), to investigate
the impact that technical complexity has on the decision to
collaborate and to combine.

Abstract— In this paper, we investigate how technical
complexity affects the decision to collaborate or combine. First,
we discuss a model that mimics the system architecting process
that was used on the National Polar Orbiting Environmental
Satellite System (NPOESS). Next, we present a metric that can
be used to assess technical complexity and risk during the early
system architecting phase of a program. We combine our
technical complexity metric and additional measures of
lifecycle cost and requirement satisfaction to evaluate a large
tradespace of joint and single-agency, single-mission system
architectures that we generate with our NPOESS model.
Finally, we illustrate how agencies’ decisions to collaborate and
combine depend highly on agency preference, on the cost of
collaboration, and on the final system architecture that is
selected.
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1. INTRODUCTION
By combining space missions onto a single platform or
developing them collaboratively, U.S. government agencies
can reduce technical duplication, streamline operations, and
ultimately, reduce space mission cost. Despite this potential,
joint space systems, or systems that complete multiple
missions or were developed by multiple government
agencies, present organizational and technical challenges
that can diminish or eliminate their savings potential. A
recent National Research Council (NRC) study investigated
the impediments to successful interagency cooperation on
space and earth science missions and concluded that joint
systems are more complex and costly than single-agency,
single-mission systems [1]. As a result, the NRC advised
government agencies to more carefully assess opportunities
for mission combination and collaboration in the future [1].

2. NPOESS PROGRAM HISTORY
Program Formation
In 1994, President Bill Clinton directed the Department of
Defense (DoD) and the National Oceanic and Atmospheric
Administration (NOAA) to combine their existing
environmental satellite systems and to collaborate on the
design, development, and operation of a joint follow-on
system. Clinton’s convergence decision was motivated by a
DoD and NOAA-endorsed analysis that suggested that a
joint system could save the government $1.3 billion [2].
After receiving Clinton’s formal direction, the agencies
created a joint program office, defined joint requirements,
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and investigated the cost-effective architectural options that
had been identified in their previous analysis.

agency-specific requirements, and (3) to maximize the
number of EDRs satisfied while minimizing system cost.

Although NPOESS system architects initially considered a
more distributed approach using multiple smaller satellites
[3], by 1996, their design converged to a constellation that
contained three large monolithic platforms [4]. NPOESS
system architects assigned these satellites to polar orbits
according to agency-specific needs and to pre-existing
agreements between NOAA and EUMETSAT, the
European meteorological satellite agency [4]. The DoD’s
need for pre-dawn data to support tactical operations drove
system architects to place one satellite in a 05:30 ascending
orbit [4]. Multiple science interests, including NOAA’s need
to observe the Earth’s surface prior to the onset of lateafternoon clouds, drove the decision to place a second
satellite in a 13:30 ascending orbit [4]. Finally, the NPOESS
constellation was supplemented by EUMETSAT’s METOP
satellite which was planned for the 09:30 descending orbit
[4].

Table 1--Example EDR Mapping to Agency Objectives
& Instruments
Agency

Objectives

Atmosphere,
DoD/NOAA
Climate
Atmosphere,
NOAA
Climate

Environmental Data
Record
Instrument Types Required

Atmospheric Vertical
Moisture Profile
Ozone Total Column
Profile

DoD

Atmosphere

Pressure

DoD

Space

In-situ Plasma Density

DoD/NOAA

Ocean

Currents

DoD/NOAA Land, Climate

Soil Moisture

visible-IR imager/radiometer, IR
sounder, microwave sounder,
microwave imager/sounder
ozone monitor
IR sounder, microwave sounder,
microwave imager/sounder
space environment sensor
visible-IR imager/radiometer,
radar altimeter
visible-IR imager/radiometer,
microwave imager/sounder

Program Outcomes
The system architecting process described above came to an
end when the program began instrument development in
1997. Although the system’s architecture evolved slightly
over the course of program,2 the architectures of its
instruments (i.e. the instrument functions, masses, and
volumes) were set during this initial iteration.

Systems Architecting Process
After fixing the system’s orbits, the challenge facing
NPOESS system architects was selecting instruments and
assigning those instruments to the constellation’s spacecraft
in order to meet the program’s joint requirements.1 At the
system level, the program specified its joint requirements in
terms of Environmental Data Records (EDRs), each of
which could be mapped to the DoD and NOAA’s objectives
of collecting land, space environment, ocean, atmospheric,
and climate data [5]. Data records were to be produced by
collecting, aggregating, and post-processing data from one
or more instruments on the satellite; we provide an example
of the EDR mapping to agencies, to agency objectives, and
to instrument types in Table 1.

In the 13 years that followed its system architecture
definition, the NPOESS program struggled to design and
develop instruments that were capable of meeting cost and
performance requirements. For example, at least four major
instruments (VIIRS, CMIS, CrIS, and OMPS) fully
consumed or exceeded their mass margins [4,6] and one
particularly problematic instrument, VIIRS, is credited with
consuming 96% of the program’s budget reserve by 2004
[7].
In 2010, citing cost over-runs, schedule delays, and underperformance, President Barak Obama cancelled the
NPOESS program and directed the collaborating agencies to
pursue their missions separately: just prior to cancellation,
the NPOESS program had exceeded its 2002 projected
lifecycle cost baseline by approximately $7.4 billion [8]. A
detailed lessons learned investigation by the Aerospace
Corporation cites conflicting mission priorities, poor
management decision-making, and a flawed acquisition
strategy as among the multiple root causes of the program’s
failure [7].

Instead of defining requirements for individual instrument
performance, the system-level requirements were specified
in terms of final data products; the joint program planned to
meet these requirements by sponsoring the development of
several new, high-performing instruments that, as shown in
Table 1, would work together to meet the system’s EDRs.
Confined to a set of instruments that were assumed to meet
performance requirements, NPOESS system architects were
tasked to (1) select the type of instrument necessary to
satisfy each EDR, (2) to assign those instruments to
appropriate spacecraft to satisfy temporal resolution and

Although Aerospace’s root causes undoubtedly affected the
program’s ability to execute its design and development
tasks after 1997, we take an alternate approach and instead
2

1
Although NASA was a collaborator, it did not supply funding for the
program. As a result, only the financing partners, the DoD and NOAA,
levied formal requirements on the system.

A third NPOESS satellite was added to replace the European METOP
satellite in 2001 and several sensors were removed after the NunnMcCurdy breach in 2006.
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investigate how the architectural decisions made prior to
1997 made those design and development tasks more
difficult. In the next sections, we present a model of the
NPOESS architecting process, propose and implement a
metric to assess candidate architecture’s technical
complexity, and consider how the program’s high technical
complexity placed it at greater risk for the cost and schedule
over-runs that were observed.

Enumeration and Search Process
As discussed above, the model’s tradespace exploration
process begins with candidate architecture enumeration. We
utilize a rule-based expert-system (RBES) [9]-[11] to
automate the instrument selection and assignment processes
and encode these decisions as a generalized assignment
problem [12]. After evaluating the initial set of candidate
architectures, the RBES proceeds by implementing a
generic population-based heuristic algorithm [11] to
intelligently and efficiently search a tradespace that contains
1019 architectures. We significantly reduce the size of this
tradespace by implementing logical search and enumeration
constraints that automatically eliminate architectures that
contain different instruments of the same type.4 For
example, we include two different conical microwave
imager/sounders in our selection decision but limit system
architects’ ability to select and assign more than one option
within a single architecture.

3. SYSTEM ARCHITECTURE MODEL
Flow of Model
To investigate how technical complexity affects the decision
to collaborate or combine, we develop a model to mimic the
NPOESS system architecting process described above. In
this model, we define the system’s architecture as two
satellites in 05:30 and 13:30 polar orbits and model the
system architecting process as a set of two decisions: (1) the
selection of instruments and (2) the assignment of
instruments to spacecraft.3

Requirements Satisfaction Metric
Once instruments have been selected and assigned, we
calculate the requirement satisfaction score for each
architecture using a three-step process. First, we load the
EDRs contained in the program’s Integrated Operational
Requirements Document (IORD) [13] into the RBES
database [11]. Within the RBES, we specify each EDR in
terms of the type of instruments and the temporal resolution
that it requires. We encode agency orbit preferences by
requiring EDRs to be collected from each agency’s
preferred orbit; for example, if an architecture only collects
data from the 5:30 orbit, it will only satisfy the DoD’s
requirements. Finally, we specify several degraded
requirement satisfaction rules for cases where either
temporal resolution is met at the IORD’s threshold level or
where only some of the required instruments are available.
The degraded requirements satisfaction rules, which are
shown in Table 2, assume that there is a linear relationship
between requirement satisfaction score and the number of
degraded conditions. For example, if there are three
degraded satisfaction conditions (and one full satisfaction
condition), the conditions will be awarded scores of 100%,
75%, 50%, and 25%; in future work, we will interview
former system stakeholders and develop a more
representative weighting scheme.

Figure 1—System Architecture Model Flow
Using the process illustrated in Figure 1, our model
enumerates options for these decisions and evaluates the
resulting candidate architectures for requirements
satisfaction and lifecycle cost. After evaluation, the model
down-selects architectures that have a requirements
satisfaction score of >0.5 and uses them to seed the next
generation of the algorithm. We apply a filter on
requirement satisfaction instead of on the cost-satisfaction
Pareto front because the purpose of our analysis is to
evaluate technical complexity across a broad tradespace and
not to identify optimal architectures.

3
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Since the 9:30 orbit was to be supplied by EUMETSAT, we only vary the
configuration of 2 satellites in the constellation.

Type refers to classifications such as microwave sounders, ozone
monitors, etc. Table 3 classifies instruments by their type.
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selected and assigned to each architecture.5 We collected
these properties for the nine NPOESS instruments6 and 19
heritage instruments that are shown in Table 3. Our final
tradespace includes both the NPOESS instruments and a set
of notional heritage instruments that have the same mass,
volume, and functional allocation as the heritage
instruments listed in Table 3 but are assumed to meet
NPOESS performance requirements.

Table 2--Degraded Requirement Satisfaction Scoring
Scheme
Satisfaction
Score

Condition

100%

objective temporal resolution requirement satisfied, all instruments present

75%

threshhold temproal resolution requirement satisfied, all instruments present
objective temporal resolution requirement satisfied, 3-4 instruments required,
missing one non-heritage instrument
objective temporal resolution requirement satisfied, 3-4 instruments required,
missing two non-hertiage instruments
threshold temporal resolution requirement satisfied, 3-4 instruments required,
missing one non-heritage instrument
threshold temporal resolution requirement satisfied, 3-4 instruments required,
missing two non-hertiage instruments
objective temporal resolution requirement satisfied, 2 instruments required,
missing one non-heritage instrument
threshold temporal resolution requirement satisfied, 2 instruments required,
missing one non-heritage instrument

60%
30%
45%
15%
50%
25%

Table 3--NPOESS Instruments' Relationships to
Heritage Instruments
NPOESS
Instrument
Name

Next, the RBES calculates EDR satisfaction by using a
pattern-matching algorithm to match the capabilities of the
architecture’s instruments to the requirements specified in
its rule database [9]-[11]. Finally, it aggregates the EDR
satisfaction scores first to agency-specific objectives, next to
overall agency satisfaction, and finally to the joint system’s
final requirements satisfaction score [10],[11]. With the
exception of the six EDRs that the IORD defined as critical,
all EDRs, objectives, and agencies are weighted equally; a
final requirements satisfaction score of 1 corresponds to an
architecture that meets all requirements.

VIIRS
CMIS
CrIS

Instrument Type
visible-IR
imager/radioemeter
microwave
imager/sounder

SESS

IR sounder
space environment
sensor

ALT

radar altimeter

NPOESS Instrument Change Heritage
Combined functions of 3 heritage instruments
into 1/3 of their total mass, volume, & power.
Combined functions of 3 instruments with
increased reflector size but decreased mass.
Heritage functions maintained but mass &
volume reduced.
Combined functions from heritage instruments
& added additional ones.

ERBS

solar irradiance
monitor
earth radiation budget
sensor

ATMS

microwave sounder

N/A
Combined TIM & SIM functions in single
instrument with less mass & volume than
ACRIM.
Heritage functions maintained but mass &
volume reduced.
Heritage functions maintained but mass &
volume reduced; combined scanning
mechansim for instruments in the suite.

OMPS

ozone monitor

Added functions via limb profiler.

TSIS

Heritage Instruments Included in
Tradespace
MODIS (NASA), AVHRR
(NOAA), OLS (DoD)
SSMIS (DoD), Windsat (DoD),
AMSR-E (NASA)
HIRS (POES), AIRS (NASA)
SEM (NOAA), SES (DoD)
Jason (NASA)
TIM (NASA), SIM (NASA),
ACRIM (NASA)
CERES (NASA)
AMSU-A (NOAA), MMH
(NOAA), SSM-T1/T2 (DoD)
TOMS (NASA)

Table 3 also highlights how the NPOESS instruments
differed from their heritage counter-parts. Architectural
innovation, or changes to existing instruments’ masses,
volumes, or functional allocations [17] occurred on nearly
every instrument that was developed for the NPOESS
program. For example, the VIIRS instrument contained the
functions of three heritage instruments in less than half of
their heritage mass [18]-[20]. Although less drastic than the
VIIRS case, the CMIS, CrIS, SESS, ERBS, ATMS, and
OMPS instruments all gained new functions or had their
mass and volume significantly reduced [4],[19],[21],[22].

Lifecycle Cost Metric
In addition to calculating requirements satisfaction, for each
architecture, we calculate a cumulative lifecycle cost
estimate that includes instrument development, bus
development, integration, assembly and test, launch,
operations, and program overhead. Instrument costs are
calculated using the NASA Instrument Cost Model [14],
and spacecraft bus cost is estimated using a top-down
approach with subsystem mass as the main parameter in the
relevant cost-estimating relationships (CERs) [15]. All other
CERs are taken from [15]; for a more detailed description of
the cost model, including the penalties applied to account
for instrument interactions, refer to [11],[16]. Finally, we
apply discounts to account for commonality within the
architecture: for common elements, non-recurring costs are
calculated only once.

By including notional heritage instruments in our
tradespace, we simulate the trade between architectural
innovation and architectural heritage that is depicted in
Figure 2. Specifically, we assume that NPOESS system
architects could have satisfied the program’s functional
requirements by selecting a single architecturally innovative
instrument or a combination of instruments with heritage
architectures. Although the instrument-level trade between
architectural innovation and heritage is one of function and
form only, as shown in Figure 2, the trade also affects

4. APPLYING THE MODEL TO NPOESS
NPOESS Instruments
As discussed above, in order to calculate architecture
requirement satisfaction and lifecycle cost, the model uses
the measurement capabilities and the basic specifications
(mass, volume, power, data-rate) of the instruments that are

5

The authors can make the instrument and the requirement data-bases
available by request.
6
Only instruments associated with NPOESS’s environmental monitoring
mission and contributed to EDR satisfaction were included in the
tradespace. As a result, we excluded the Search & Rescue Satellite Aided
Tracking system (SARSAT) and the Data Collection System (DCS).
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spacecraft’s mass [23]. As the number of instruments on a
spacecraft increases, so do the design and development tasks
associated with developing and integrating its payload;
similarly, as the mass of the spacecraft increases, so does
the challenge of designing and developing appropriate
power, propulsion, and control subsystems. Preliminary
research has identified two additional sources of technical
complexity: 1) architectural innovation [17] and 2)
mechanical and electromagnetic interactions between
instruments. In this paper, our metric accounts only for
architectural innovation; future work will address
instrument interactions and additional factors that contribute
to technical complexity.

system-level properties such as total system requirement
satisfaction, complexity, and risk.

As discussed above, we define architectural innovation as
changes to existing instruments’ masses, volumes, or
functional allocations [17]. Architectural innovation
occurred on most of NPOESS instruments that are included
in our tradespace; by definition, the notional heritage
instruments do not require architectural innovation. Because
designing and developing a more functionally capable
instrument under severe mass and volume constraints is
more challenging than designing one with heritage function
and form, our complexity metric also includes the number
of “architecturally innovative” instruments that are in a
system.

Figure 2—Illustrating the Trade-offs Between
Architectural Innovation & Architectural Heritage
Specifically, Figure 2 shows that by selecting innovative
instruments with less mass and volume, system architects
conserve spacecraft resources and make room for additional
instruments that increase the architecture’s requirements
satisfaction score. In the next section, we develop a
complexity metric to allow system architects to more
appropriately balance these gains with the technical
complexity that is induced by them.

Table 4--Factors Included in Complexity Metric

Complexity Metric
In its study of joint programs, the NRC used Bearden’s
complexity index [23] to compare single-agency, singlemission programs to joint programs. Bearden derives his
complexity metric from a matrix of technical parameters
that function as proxies for programmatic and technical risk
[1],[23]. Many of the technical parameters included in the
original complexity index either do not differentiate
between architectural options for the same mission or
require a more detailed knowledge of a system than is
available during the architecting phase. As a result, we use
Bearden’s original metric to derive a new complexity index
that is capable of distinguishing between options in the
same tradespace and that can be used during the early
system architecting phase of a program.

Complexity Factor

Units of Raw
Complexity
Value

Spacecraft Mass

kg

Number of Instruments

#

Number of Instruments
Requiring Architectural
Innovation

#

Calculation To Obtain Raw Complexity
Value
Top-down calculation using parametrics for
spacecraft subsystems.
Total number of instruments on both
spacecraft; duplicate instruments (i.e. one
instrument on each spacecraft) are counted
twice.
Number of instruments requiring changes to
form or function from hertiage; duplicate
instruments (i.e. one instrument on each
spacecraft) are counted once.

To calculate the final complexity metric, we use the
procedure presented in [23]. First for each architecture, we
calculate the raw value of complexity factors listed in Table
4. Next, we convert each raw complexity value, Xi, to its tieadjusted percent rank, fi, with respect to the entire
tradespace. This is accomplished using MATLAB’s
“tiedrank” function [24] and the following equation

First, we define complexity as a relative measure of the
degree of difficulty that is experienced by the engineers
tasked with designing and developing the spacecraft.
Following Bearden [23], we also suggest that technical
complexity is an appropriate proxy for programmatic and
technical risk. With these definitions, we use two
complexity sources from Bearden’s original index: (1) the
number of instruments on a spacecraft and (2) the

where
corresponds to the tradespace of raw complexity
values and m corresponds to the total number of
architectures in the tradespace. Next, we aggregate the
5

complexity factors into an overall complexity metric that is
given by

where n corresponds to the number of complexity factors
that are included in the calculation [23].
Complexity Metric Evaluation & Use
To assess our proposed measure of complexity, we compare
it to other metrics that have been applied to evaluate
architectures across the entire tradespace. Figure 3 presents
a comparison between cost, spacecraft mass, and
complexity. As expected, we observe a tighter correlation
between spacecraft mass and parametric cost than between
cost and our complexity metric. We attribute this difference
to parametric cost estimates’ strong dependence on
instrument mass and the fact that NPOESS instruments are
less massive but more complex than notional heritage
sensors. Given these relationships, the model ranks
architectures containing NPOESS instruments as less
massive but more complex than architectures that contain
notional heritage instruments.

Figure 3—Complexity Metric Validation and
Comparison to Mass-Only Metric
Without a metric to track how the program’s requirements
and architectural decisions affected the system’s overall
technical complexity, NPOESS program managers may not
have explicitly considered it when they made system-level
trades. By developing a complexity metric that can be used
in the early system architecting phase of future joint
programs, we hope to mitigate this situation by enabling
system architects to trade between requirement satisfaction
and technical complexity instead of maximizing
requirement satisfaction that the expense of technical
complexity and risk.

The results in Figure 3 suggest that our complexity metric is
capable of distinguishing between similarly massive
architectures and identifying architectures that may be more
difficult for engineers to design and develop. By using this
type of complexity metric, system architects regain some of
the technical detail that is lost to parametric cost estimates
but that is essential to the trade between cost and risk.
In addition to correlating with cost and risk [1],[23], as
expected, our measure of technical complexity also relates
to requirement satisfaction. By comparing the requirement
satisfaction and technical complexity scores of several
NPOESS reference architectures to those of DMSP and
POES, we observe that architectures with greater joint
requirement satisfaction scores are generally more
technically complex.7 The results presented in Figure 4 also
suggest that by requiring their joint system to have
significantly more functionality than heritage DMSP and
POES, NPOESS program managers accepted greater levels
of technical complexity and risk.

Figure 4—Joint Requirement Satisfaction versus
Technical Complexity; Historic Architectures

7

POES’s low joint requirement satisfaction score can be directly attributed
to the fact that the heritage system lacked the microwave imager that
NOAA and DoD required on NPOESS. The POES space environment
sensor also had significantly less functionality than was required on
NPOESS.
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Figure 5—The Cost and Complexity of Joint, DoD, and NOAA Pareto Architectures
less joint requirement satisfaction and lie closer to the center
of Figure 5. However, navigating this space of reduced
requirement satisfaction is particularly challenging on joint
programs where the system architect must balance the utility
that the system delivers to each collaborator and achieve an
equitable solution. As we discuss in the next section, the
system architect’s ability to find an equitable solution is
directly related to each agency’s decision to collaborate or
to combine their separate missions.

5. ANALYSIS
Technical Impact of Mission Combination & Collaboration
Figure 5 generalizes the above conclusions by comparing
the cost, technical complexity, and requirement satisfaction
scores across a larger tradespace of architectures. To
generate Figure 5, we first identify architectures that sit on
the DoD, NOAA, or joint requirement satisfaction / costcomplexity fuzzy Pareto fronts [25]. Next, we plot the DoD,
NOAA, and jointly Pareto optimal architectures with respect
to their joint requirement satisfaction scores, cost, and risk.

Evaluating the Decision to Collaborate or to Combine
Borrowing from the theory of two-person cooperative
games, we suggest that government agencies will only
collaborate or combine their missions if they cannot achieve
comparable utility independently [26]. Next, we assume that
collaborative solutions will exist only on the equitable
negotiation set [26], which we define as the fuzzy Paretofront of each agency’s specific utility. We calculate
agencies’ utility using a weighted sum of architecture cost,
requirement satisfaction, and complexity and assume that in
collaborative solutions, costs are evenly split but that
complexity and its associated risk is equally allocated to
both agencies.

Figure 5 shows that architectures on the joint Pareto front
are more capable of maximizing joint requirements
satisfaction but are also more complex and costly than
architectures that sit within the single-agency, singlemission Pareto-optimal sets. Our finding that joint systems
are more complex and costly than single-agency, singlemission systems reflects the conclusions reached by the
NRC [1]; but importantly, our analysis distinguishes
between joint and single systems during the early system
architecting phase of a program, before the decision to
collaborate or combine has been made.

Figure 6 illustrates how different agency preferences for
cost, risk, and requirement satisfaction affect their
incentives to collaborate or to combine. From this figure, we
conclude that, in all cases, if utility maximization is an
agency goal, the more complex and costly joint solutions
dominate the space. If, in an attempt to reduce the joint
system’s overall cost and complexity, agencies are willing
to accept slightly less utility, joint solutions are almost

Our analysis suggests that if system architects are interested
in maximizing joint requirements satisfaction, they should
accept increased cost and complexity and select one of the
joint system architectures that are circled in Figure 5.
However, if system architects are interested in reducing cost
and complexity, they should consider options that deliver

7

Figure 6—Varying Preferences for Cost, Risk, and Requirements Satisfaction and its Effect on
Agency’s Decisions to Collaborate and Combine

Figure 7—Varying Preferences Costs of Collaboration and its Effect on Agency’s Decisions to
Collaborate and Combine
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always dominated by those that agencies’ could achieve
independently, without mission combination or
collaboration.

Finally, the 1994 presidential directive was supported by a
NOAA/DoD-endorsed technical analysis that verified that a
joint system could meet both agencies’ requirements and be
more cost-effective than developing two separate systems. It
seems that this analysis may not have explicitly considered
how joint systems are more technically complex than singleagency, single-mission systems and that technical
complexity increases systems’ risk for cost and schedule
over-runs. Had these factors been considered, then perhaps
each agency would have been more hesitant to support their
systems’ convergence. More importantly, Figure 7 suggests
that if the agencies had anticipated the cost of collaboration,
then they would have had little incentive to support any
form of convergence.

Similarly, if agency preferences for cost, risk, and
requirement satisfaction shift, in nearly all scenarios, there
are both joint and independent solutions that are capable of
delivering comparable agency-specific utility; as a result,
the decision to collaborate or to combine is often
architecture-specific. This generalization is true for all cases
shown in Figure 6 except for the scenario when cost-savings
is the dominant agency-value; with respect to this result, it
is important to note that the government’s experience with
joint programs suggests that cost-savings is an insufficient
motivation for mission combination or collaboration [1].

6. CONCLUSION

Figure 7 illustrates the degree to which cost-savings affects
the decision to collaborate or to combine missions and the
joint architecture that is selected; in this figure, we assume
that the dominant agency value is requirement satisfaction
but we vary the cost of collaboration. The cost of
collaboration refers to cost that joint programs incur when
program management responsibilities are duplicated or
processes take longer because more than one agency is
involved. As shown in Figure 7, as the cost of collaboration
increases, joint solutions are increasingly dominated by
single-agency, single-mission architectures. Given the
strong relationship between the cost of collaboration and the
decision to collaborate or combine, future work will attempt
to quantify this cost and to identify the tipping point at
which single-agency, single-mission programs dominate
joint ones.

The above analysis suggests that government agencies’
decision to collaborate or to combine their missions is
highly dependent on technical complexity, agency
preferences for risk, cost, and requirement satisfaction, and
on the cost of collaboration. This paper also demonstrates
how a system architecture model that is capable of
generating and exploring a large tradespace of joint and
single-agency, single-mission architectures can aid
agencies’ decision to collaborate and combine. Specifically,
we developed an initial metric that can be used to assess
technical complexity in the early system architecting phase
of a program and incorporated it into a model of NPOESS.
We then used our model to illustrate how agencies can
evaluate when it is in their interest to collaborate and
combine and we showed how these interests affect the final
system architecture that is selected. We also identified other
technical complexity factors that will be incorporated in
later iterations of our complexity metric and we motivated
our future study of the cost of collaboration. Finally, this
paper illustrated that given varying agency preferences and
uncertain costs of collaboration, the decision to collaborate
and combine is highly nuanced, variable, and deserving of
future study.

The NPOESS Decision
The position of the final NPOESS architecture with respect
to the larger tradespace of options shown in Figure 6
provides insight into its system architects’ decision-making
process. The NPOESS architecture is clearly an equitable
solution, as it delivers nearly equal utility to both NOAA
and the DoD. However, only when joint requirement
satisfaction is the dominant agency value does the NPOESS
architecture sit close to the fuzzy Pareto front and within the
region of the tradespace where joint solutions are not wholly
dominated.
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