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The 2007 US National Research Council Decadal Survey for Earth Science and Applications from Space
was the ﬁrst consensus perspective produced by the US Earth Science community of the relative
priorities among a sequence of 17 satellite missions over the course of the next decade. However, the
Decadal Survey only captured the perspective of the science community, leading to questions about the
inclusion of broader priorities from constituent communities and stakeholders. We present a stakeholder
value network analysis for the NASA/NOAA Earth Observation Program. The analysis includes a rigorous
articulation of the needs and objectives of 13 major stakeholders and a complete stakeholder value
network with 190 individual “value ﬂows” that capture the interactions between all the stakeholders. It
produces a novel stakeholder map, graphically indicating the outputs most likely to create a lasting Earth
Science program. The most important value loops and program outputs are used to derive a set of highlevel program goals that suggest what NASA and NOAA should do, as well as how they should conduct
business. The analysis concludes that international partnerships represent a strong potential partner for
certain science missions with greater potential value delivery than currently-prioritized efforts with
defense stakeholders and concludes that weather and land-use missions, in addition to climate missions,
should be given highest priority; water, human health, and solid Earth missions should be given lower
priority based on each science category’s potential for delivering value to the entire stakeholder network.
Ó 2012 Elsevier Ltd. All rights reserved.

1. Introduction
In 2007, the US National Research Council Space Studies Board
released a Decadal Survey for the Earth Science and applications
communities [1]. This report was the ﬁrst of its kind for the US
Earth science community, in that it produced a consensus
perspective of the relative priorities among a sequence of 17
satellite missions over the course of the next decade. It presented
a vision for a decadal-scale program of space-based Earth science
research and applications that advances the fundamental understanding of the Earth as a system and increases the application of
this understanding to serve the nation and the world.
However, the Decadal Survey only captured the perspective of
the science community, leading to questions about the inclusion of
broader priorities from constituent communities and stakeholders.
The vision established by the Decadal Survey requires a paradigm
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shift for Earth system science: societal needs must help guide the
scientiﬁc priorities, and emerging scientiﬁc knowledge must be
actively applied to obtain societal beneﬁts. The USA agencies
responsible for designing and operating civilian Earth-observing
satellites (NASA and NOAA), with additional contributions from
the US Geological Survey (USGS), are routinely charged with
questions of stakeholder engagement, but do not have clear
internal policies for the creation of this analysis. In this paper we reimagine the priorities of the Decadal Survey, using a method of
stakeholder analysis that provides traceability to constituent needs
and priorities.
The general objective of the paper is to maximize the value of the
US space-based Earth observation system by capturing the complete
set of needs and objectives using a stakeholder value network
analysis methodology. To these ends, we deﬁne stakeholders as
those who 1) have a direct or indirect effect on NASA/NOAA’s Earth
observation activities; 2) receive direct or indirect beneﬁts from
Earth observation activities; or 3) possess a signiﬁcant, legitimate
interest in Earth observation activities. The following section
provides a review of stakeholder deﬁnition and analysis.
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2. Background and literature review
The Decadal Survey is the product of the collaborative effort of
over 70 leading scientists and roughly 30 representatives from
NASA, NOAA, international space agencies, commercial industry,
and other government agencies. To emphasize the interdisciplinary
nature of the interactions of the Earth system, the participants were
organized into seven thematic panels:
1.
2.
3.
4.
5.
6.
7.

Earth science applications and societal beneﬁts;
Human health and security;
Land-use, ecosystems, and biodiversity;
Solid Earth hazards, natural resources, and dynamics;
Climate variability and change;
Weather science and applications;
Water resources and global hydrological cycle.

The Decadal Survey committee worked with the individual
panels to recommend 17 satellite missions. Each mission represented a compromise of instruments or spacecraft operational
characteristics that satisﬁed the needs of multiple panels.
The publishing of the Decadal Survey was an achievement for the
Earth Science community, but some aspects of the process and ﬁnal
report could beneﬁt from a more rigorous stakeholder analysis. The
needs and objectives articulated throughout the report are described
mostly from the perspective of scientists. Although one of the panels
focused on applications and societal beneﬁts, the needs and objectives of non-scientist stakeholders received much less thorough
treatment. This creates a lack of traceability between the Decadal
Survey’s program recommendations and the total delivery of value to
the nation, creating an opportunity to inform the broader prioritization of goals by understanding the non-scientist stakeholders.
Harris and Miller highlight the current immaturity of ‘value
delivery to the public’ analysis in current Earth Observation
Programs, using a categorization of Earth Observation data to
structure a ‘public good’ analysis [2]. This analysis provides
a detailed view of data uses, but does not holistically capture the net
beneﬁt to stakeholders, who may receive more than one type of data.
Traditional stakeholder analysis techniques typically consider
a central organization and the stakeholders with which the organization interacts directly [3]. Mitchell provides a history of varying
deﬁnitions of what constitutes a stakeholder [4], noting that
a limited deﬁnition of stockholders is not necessarily appropriate in
a public policy context, given its reliance on ownership concepts
(e.g. the ownership of or legal right to the company’s assets).
A partial solution to ownership concepts is to differentiate
between market and non-market contexts [5], where the “nonmarket” environment includes interactions between the public,
government, media, public institutions, and other stakeholders.
While deferring to Porter’s characterization of market forces, Baron
divides the non-market environment into the “four i’s”: issues,
institutions, interests, and information. Institutions and interests,
as deﬁned, represent two categories of stakeholders, while issues
and information represent sources of inﬂuence and power [5].
Another approach is to compare the type of inﬂuence stakeholders wield. Handy proposes ﬁve types of stakeholder power:
physical, positional, resource, expert, and personal power [6].
Stakeholders can then be classiﬁed using a power/interest matrix,
resulting in four stable conﬁgurations:





those who require minimal effort, such as a client’s customers;
those who must be kept informed, such as the local community;
those who much be kept satisﬁed, such as regulatory bodies;
the key players, including the enterprise and other crucial
stakeholders.

Stakeholder maps have emerged as an important component in
the visualization, completeness checks, and inﬂuence comparison
necessary for stakeholder analysis. Freeman proposed stakeholder
mapping as a necessary step in identifying stakeholders with
a claim on the project [3], and also in assessing each stakeholder’s
ability to press that claim.
Based on the concept of stakeholder maps, the idea of using
network analysis to understand the context and policy options
available has become a fruitful research direction [7,8]. The literature is split between investigations of the overall network structure
with a view to explaining group behavior (such as free riding [9,10]
and intertribal marriage [11]), and investigations which use
network dynamics to understand the opportunities for an individual actor [12].
Although a large literature already exists on the prioritization of
needs by a single actor [13], the available techniques for weighing
needs among multiple stakeholders is less rich, relying instead on
market sizing or panel judgment to weight stakeholders against
each other. Cameron proposed stakeholder network analysis for
overcoming this challenge [14], using network metrics linked to the
satisfaction of individual needs. In essence, this method assigns
stakeholders greater importance if they provide inputs that are
important to the central organization, here NASA and NOAA.
Stakeholder network analysis has since been expanded to deﬁne
goals for an organization [15], based on a prioritized listing of
stakeholder needs, incorporating information about how the
propagation of value in the network should be written into the
organization’s goals.
We now present the results of a comprehensive stakeholder
value network analysis of the Earth Observation Program. The
results are based on a model that uses a qualitative and quantitative
stakeholder network approach [15,16,17] to understand both the
direct and indirect relationships between the stakeholders of the
Earth Observation Program. We expand on existing work in
stakeholder maps and needs prioritization by introducing a new
stakeholder map, where link thickness corresponds to need
salience, providing a clear visual indication of important policy
considerations. In light of increasing calls for renewed international
collaboration in Earth observations [18,19], this method offers
a potential future contribution to resolving differences between
contributing members.
The speciﬁc objectives of the paper are as follows:
(1) to develop a more complete understanding of all stakeholders
of NASA/NOAA’s Earth Observation Program by articulating the
goals, objectives, and needs of every stakeholder;
(2) to understand the important interactions among all stakeholders by constructing a detailed stakeholder map showing
the inputs and outputs of each stakeholder;
(3) to identify the most important stakeholders, the highest valueproducing interactions among stakeholders, and most important NASA/NOAA outputs;
(4) to complement the recommendations of the Decadal
Survey by providing more speciﬁc, targeted insights and
recommendations.
The results from the stakeholder value network analysis provide
insights regarding the total value produced by the Earth Observation Program. The most important value loops and program
outputs are used to derive a set of high-level program goals,
including goals that suggest what NASA and NOAA should do, as
well as how they should conduct business. The insights and results
from the analysis provide the foundation for a set of recommendations for the Earth Observation Program, which complement the
recommendations put forth in the Decadal Survey.
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The third section of this paper presents a qualitative stakeholder
model, including identiﬁcation of stakeholders, articulation of their
needs and objectives, and the mapping of value-producing inputs
and output among all stakeholders.
The fourth section presents a quantitative stakeholder model,
including techniques used to quantify the value ﬂows between each
stakeholder, methods for validating the value ﬂow scores, and
a method for calculating the “value loops” within the stakeholder
network.
The ﬁfth section presents the analytical results of the quantitative stakeholder analysis, including the identiﬁcation of the most
important stakeholders, value ﬂows, value loops, and NASA/NOAA
inputs and outputs. These important ﬂows and loops are graphically illustrated using a novel technique of weighting the thickness
of lines by their computed importance.
The ﬁnal section describes the major insights yielded from the
stakeholder value network analysis and presents a list of recommendations for the Earth Observation Program.
3. Qualitative model
The qualitative stakeholder model is a tool that can help provide
an in-depth understanding of the stakeholders within the system. It
is useful for articulating each stakeholder’s needs and objectives
and understanding the complex interactions between them. By
incorporating the most important inputs and outputs of each
stakeholder, the model allows one to visualize and understand, in
a qualitative sense, how value is created and delivered throughout
the system. The model includes both monetary and non-monetary
forms of value. It also provides an indication of the connectedness
of each stakeholder to the entire stakeholder network.
Within the model, recall that stakeholders are those who have
a direct or indirect effect on NASA/NOAA’s Earth observation
activities, receive direct or indirect beneﬁts from them, or possess
a signiﬁcant interest in Earth observation activities. Stakeholders
were identiﬁed as those mentioned in the Decadal Survey, the
Space Act of 1958 [20], NASA policy documents [21,22], and
participants in the US Climate Change Science Program (CCSP) [23].
An initial list of over 30 stakeholders was reﬁned and aggregated into a smaller list of 13, shown in Table 1. Reducing the
number of stakeholders helps keep the model conceptually and
computationally manageable, since the number of possible links in
the system scales combinatorially with the number of nodes.
Stakeholder aggregation involved combining multiple stakeholders based on their roles or functions within the stakeholder
network. For example, Congress, the Executive Branch, and the
Judiciary were aggregated into one stakeholder called the
Government. This eliminates the complex interactions between the
three branches of government from the model and instead treats
the Government as a single stakeholder with the combined inputs
and outputs of its three component branches.
Similarly, the interactions between the divisions within NASA
and NOAA are too complicated to include in this model. Their
inputs and outputs would be almost identical if they were modeled
separately, although the type of science data they produce differs.
Also, the operational boundaries between NASA and NOAA can be
fuzzy at times. They are therefore treated as a single stakeholder in
the model.
Next, we arranged the stakeholders on a visual map, shown in
Fig. 1. A coherent stakeholder map allows one to visualize the
connections between the stakeholders and to better understand
how value is delivered throughout the stakeholder network. The
stakeholders are situated on the four quadrants of the map
according to their primary roles within the value chain. Some of the
stakeholders span multiple quadrants because they serve multiple
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Table 1
List of stakeholders included in the model.
Stakeholder group

Deﬁnition and role

Commercial
data users

Companies that rely on space-acquired Earth
observation data and derived knowledge, products,
and services.
Companies that interact directly or indirectly with
NASA/NOAA and rely on funding, launch and space
services, and space technology from NASA/NOAA.
The U.S. military as it interacts with NASA/NOAA
on collaborative Earth-observing missions
such as NPOESS.
Individuals and institutions that comprise the
U.S. educational system, from the primary level
to universities (does not include university scientists).
U.S. federal agencies involved in public health,
safety, environmental protection, scientiﬁc research,
land-use, transportation, energy, and agriculture.
The legislative, executive, and judicial branches of
the U.S. government.
Non-U.S. national space agencies that collaborate
with NASA/NOAA and fulﬁll the same role as
NASA/NOAA in their respective nations.
Organizations responsible for the acquisition,
composition, and distribution of news and information.
U.S. federal entities that provide the means with which
to expand human knowledge of the Earth and space.
Advocacy and industry trade groups that promote
the importance of Earth Science and observations on
behalf of scientists, industry, and the public.
The general U.S. population and society as a whole.
The science and technical advisory organizations for
the U.S. federal government.

Commercial
industry
Department
of defense
Educators

Federal agencies

Government
International
partners
Media
NASA/NOAA
Non-governmental
organizations
(NGOs)
Public/society
Science &
technology
advisory bodies
Scientists

Scientists employed by academia, NASA, NOAA,
federal agencies, and the commercial sector that
use Earth observation data to generate knowledge.

roles within the system. For example, the Department of Defense
provides some funding to NASA and is both a generator and user of
weather-related data.
The arrows on the map indicate a high-level abstraction of the
process by which the Earth Observation Program delivers value to
its stakeholders. Beginning in the upper left quadrant of the ﬁgure,
policy makers provide funding and policy direction to data
providers in the upper right quadrant. Data providers acquire
Earth measurements and transmit the data to data users in the
lower right quadrant. Data users analyze the data to produce
knowledge, which they pass along to the public and beneﬁciaries
in the lower left quadrant. The public and beneﬁciaries interpret
the knowledge and use it to make decisions and provide support
to the policy makers in the upper left quadrant; thus completing
the cycle.
Performing a rigorous stakeholder analysis involves developing
an appreciation for the interests and objectives of each stakeholder
as well as an in-depth understanding of how each stakeholder
contributes to and derives value from the system. This requires
a methodology for capturing this information and presenting it in
a format that provides traceability between the interactions among
stakeholders and the satisfaction of each stakeholder’s needs and
objectives.
We developed a stakeholder characterization template, shown
below in Fig. 2, that can be used to succinctly articulate the role,
objectives, and speciﬁc needs of each stakeholder. The template
also indicates the inputs that the stakeholder receives from other
stakeholders. The template in the ﬁgure has been populated with
information for the Public stakeholder group.
The upper box in the template describes the role of each
stakeholder within the context of the Earth Observation Program.
The center box in the template shows the stakeholder’s objectives,
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Fig. 1. Stakeholder map.

which are goal statements often published on a stakeholder’s
website or found in policy and strategy documents, mission statements, or other ofﬁcial documents. The lower box in the template
contains the stakeholder’s speciﬁc needs required to satisfy its
stated objectives. We determined many of the stakeholder objectives and speciﬁc needs from information contained in the Decadal
Survey, CCSP reports [23], the Space Act [20], stakeholder websites,
and stakeholder policy and strategy documents [21,22,24e26].
The left side of the template lists the inputs that the stakeholder
receives from other stakeholders. Each input fulﬁlls, either partially
or wholly, a speciﬁc need of the stakeholder. To create the list of

inputs to a stakeholder, we examined each speciﬁc need and
determined which of the other stakeholders in the model produce
outputs that satisfy that need. We also used this method to check
the stakeholder list for completeness, by assessing whether any of
the speciﬁc needs could be satisﬁed by stakeholders not included in
the model. Using this method to determine the inputs to each
stakeholder ensures that the stakeholder model will capture all the
relevant actors. Each of the inputs to a stakeholder becomes
a “value ﬂow” in the value network model.
After articulating the objectives, speciﬁc needs, and inputs of
each stakeholder, we next created the stakeholder value network

Fig. 2. Stakeholder characterization template, shown for the public.
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model by connecting each stakeholder using the inputs identiﬁed
in the stakeholder characterization templates. Each identiﬁed input
to a stakeholder became an output of the originating stakeholder.
Since the sum of all the inputs articulated in the stakeholder
characterization templates provides a complete set of the valuedelivering interactions within the stakeholder network, it is
unnecessary to complete a separate exercise determining each
stakeholder’s outputs to other stakeholders. Also, it is generally
easier to identify a stakeholder’s required inputs than it is to
identify which of its outputs provide value to other stakeholders.
In the value network model we use the term value ﬂow to
indicate the output of one stakeholder as the input to another e it
represents the delivery of value from one stakeholder to another.
Fig. 3 below shows the value ﬂows into and out of the Public. The
four colors used for the stakeholders correspond to the colors used
in the four quadrants of the stakeholder map.
Some of the science-related value ﬂows in the model, such as
Earth observation-derived products and services from NASA/NOAA
and Commercial Data Users to the Public, were modeled as six
separate value ﬂows corresponding to the categories of the six
science-themed Decadal Survey panels. These particular value
ﬂows are designated as double-thickness arrows in Fig. 3. We chose
to separate the science-related ﬂows in this way because certain
stakeholders place widely different value on inputs related to the
six different science categories. For example, the Department of
Defense may value weather data much more highly than data
regarding ecosystems and biodiversity. Separating these sciencerelated value ﬂows within the model produced results that are
more architecturally distinguishing and can be used to make more
speciﬁc policy recommendations.
The complete value ﬂow model contains 190 value ﬂows among
all 13 stakeholders in the model. This illustrates the complexity of
the model and reinforces the justiﬁcation for simplifying the total
number of stakeholders. In the complete model, policy and opinion
value ﬂows generally ﬂow from the Public quadrant to the
Government quadrant shown previously in Fig. 1, and from the
Government to the NASA/NOAA quadrant. Monetary ﬂows tend to
be fairly evenly distributed throughout the stakeholder network.
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Knowledge and information ﬂows are most highly concentrated
within the lower two quadrants, representing the ﬂow of knowledge from the Scientists to the Public and other beneﬁciaries.
Goods and services are most highly concentrated within the two
right quadrants, which represent strong links between NASA/NOAA
and Scientists as well as NASA/NOAA and the Commercial sectors.
Finally, jobs and public beneﬁt ﬂows are concentrated around the
Public stakeholders in the lower left quadrant.
The value ﬂow map also includes value ﬂows that are nonmonetizable or difﬁcult to quantify, such as knowledge and information, policy and opinions, and certain public beneﬁts such as
“security”. Typically, these types of value ﬂows would be excluded
by other techniques such as costebeneﬁt analysis or system
dynamics models. Including them in this analysis provides a more
complete understanding of the ultimate value delivered by the
Earth Observation Program.
The complete stakeholder value ﬂow map provides a much
more comprehensive understanding of each stakeholder’s role and
interactions within the network than other stakeholder analysis
techniques would provide. NASA’s Systems Engineering Processes
and Requirements Handbook [27] requires the deﬁnition of stakeholder interests and expectations of the system, but this predominantly yields only the direct transactions between NASA and each
other stakeholder. The transactions between non-NASA stakeholders can be just as important, however. Articulating every
stakeholder’s value ﬂows reveals that certain stakeholders, such as
the Government and Scientists, have numerous direct interactions
with NASA/NOAA. Other stakeholders, such as the Public, have few
direct interactions with NASA/NOAA but are highly connected to
other stakeholders and play a crucial role in the delivery of value
throughout the network.
4. Determining quantitative model inputs
Developing a quantitative stakeholder model requires quantifying the beneﬁt to the recipients of the qualitative value ﬂows in
the model. The method used to assign numerical scores to each
value ﬂow draws inspiration from Kano’s methods for

Fig. 3. Value ﬂows into and out of the public.
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understanding how consumers deﬁne quality in the goods and
services they purchase [14,28]. The strength of this methodology is
that it only requires deﬁnition of the need importance from the
perspective of the stakeholder e it does not require system-level
judgments. The technique used to assign numerical scores to the
value ﬂows requires evaluating two attributes of each value ﬂow,
described in detail in [14] and combines:
1. the intensity of the speciﬁc need, on the part of the recipient,
that the value ﬂow satisﬁes;
2. the importance of a particular source in fulﬁlling the speciﬁc
need.
A three-stage process was used to determine the primary model
inputs, the numerical scores assigned to each stakeholder need. First,
questionnaires were completed from the perspective of each stakeholder by ﬁve individuals with a keen familiarity with the Decadal
Survey and broad knowledge of the Earth Observation Program.
Second, a Defense stakeholder reviewed the relative prioritization of
their needs, as previously demonstrated in [15]. Third, policy documents were coded for relative need priority, and compared against
the ranking produced by the questionnaires and stakeholder interviews. These three steps are described in detail below.
Questionnaires were completed by ﬁve individuals with a keen
familiarity with the Decadal Survey and broad knowledge of the
Earth Observation Program. These individuals had direct knowledge of the needs of the NASA/NOAA, Scientists, and Educators
stakeholder groups, and past experience at a senior policy level
with the remaining stakeholders.
 Deputy Director for the Sciences and Exploration Directorate
(NASA);
 Chief Engineer of Earth Sciences Division (NASA);
 Associate Director for Flight Programs in Earth Science Division
(NASA);
 Professor of Aeronautics & Astronautics and Engineering
Systems (MIT);
 Graduate students in the System Architecture group involved
with the project (MIT).
As described in detail in [14], these questionnaires asked two
questions for each value ﬂow:
1. How would you characterize the presence or absence of
fulﬁllment of this needs?
2. If this need were to be fulﬁlled, how important would this
source be in fulﬁlling the need?

Each question had ﬁve possible answers spanning an anchored
scale, such as (for Question #1) “A. I would be satisﬁed by its
presence, but I would not regret its absence”. After the completed
questionnaires from each individual were tallied, we used a modiﬁed Delphi method with one round of revision to reconcile major
differences among scores for particular value ﬂows [29]. To resolve
small discrepancies between the ﬁve scores for each value ﬂow
after the round of revisions, the ﬁnal value ﬂow score was determined by taking the average of the ﬁve individual scores. Table 2
below shows the combined value ﬂow scores for the Public,
which include any revisions made after the one round of discussion.
The second process step, validation with the Defense stakeholder, was particularly important in capturing input not directly
represented in the ﬁrst step. A former Secretary of the Air Force was
used as the Defense stakeholder. During the stakeholder interview,
the individual was provided with an overview of the qualitative
stakeholder model, including the stakeholder maps and value ﬂow
maps. We also created a diagram showing the inputs to that
stakeholder in rank order based on the combined value ﬂow scores
assigned by the questionnaire scorers. The Defense stakeholder
representative was asked to evaluate the relative rankings of the
value ﬂows to provide an anecdotal validation of the value ﬂow
scores. This relative comparison enabled the stakeholder to engage
with the model without the added complexity of the questionnaire,
reﬂecting more closely prioritization schemes they use in an active
policy context.
The third process step for validating the value ﬂow scores
involved comparing the relative rankings of value ﬂow inputs to
a given stakeholder to evidence presented in various literature and
data sources. Value ﬂow rankings for inputs to NASA/NOAA,
Defense, Commercial Data Users, Media, Public, S&T Advisory
Bodies, and the Government were validated using this method.
Table 3 shows the sources used to validate the value ﬂow scores for
these stakeholders.
The following example shows how the value ﬂow score rankings
were validated for the Public. We validated the scores by tabulating
results from major national polls conducted periodically during the
period 2002e2008, which were aggregated at a single website [25].
The polls ask respondents to name their single top issue of
importance. The results are presented in Table 4.
Table 5 compares the value ﬂow score rankings to the rankings
derived from the public surveys. The table is ranked according to
the survey rankings. The comparison shows that the relative value
ﬂow score rankings in the stakeholder model largely reproduce the
rankings from the public surveys.
In general, the value ﬂow scores in the stakeholder model
showed strong agreement with the proxy data sources, providing

Table 2
Combined value ﬂow scores for public.
To: Stakeholder

Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public

Value ﬂow

Earth observation-derived products & services
Earth observation-derived products & services
Employment
Employment
Employment
Employment
Employment
Health, safety, & environmental protection
Health, safety, & environmental protection
Informative & entertaining content
Science content
Science knowledge
Security beneﬁts

From: Stakeholder

Commercial data users
NASA/NOAA
Commercial data users
Commercial industry
Defense
NASA/NOAA
Scientists
Federal agencies
Government
Media
NASA/NOAA
Educators
Defense

Final scores from scorers
#1

#2

#3

#4

#5

0.44
0.44
0.32
0.76
0.54
0.54
0.54
0.26
0.26
0.56
0.26
0.56
0.44

0.44
0.56
0.44
0.44
0.31
0.31
0.18
0.26
0.56
0.26
0.18
0.56
0.44

0.10
0.11
0.26
0.26
0.18
0.04
0.11
0.18
0.15
0.10
0.06
0.44
0.26

0.44
0.56
0.44
0.44
0.44
0.44
0.44
0.44
0.10
0.26
0.26
0.26
0.44

0.15
0.44
0.26
0.18
0.18
0.11
0.44
0.56
0.26
0.44
0.15
0.19
0.26

Combined
value ﬂow
score
0.32
0.42
0.32
0.49
0.44
0.37
0.33
0.29
0.34
0.33
0.31
0.24
0.44
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Table 3
Sources for validating value ﬂow scores.
Stakeholder

Validation sources

NASA/NOAA

Relative ranking of science priorities contained in NASA’s
Science Plan for 2007e2016 [21]
Relative ranking of science priorities contained in:
 Climate Change Science Program [23]
 2005 Strategic Plan for the U.S. Integrated Earth
Observation System [22]
 National Security and the Threat of Climate Change [24]
Relative ranking of science priorities based on:
 Mission statements of commercial geospatial
users belonging to the Management Association for
Private Photogrammatic Surveyors
 NOAA report detailing usage of Solid Earth satellite
data for commercial natural resource exploration [30]
 Article describing usage of satellite data by
insurance companies [31]
Research paper examining ranking of online news-viewing
topics [32]
Relative ranking of employment value ﬂows based on number
of Americans employed by each stakeholder group;
National polls showing relative importance of key issues [25]
Representation of each major stakeholder group to NRC
Decadal Survey [1]
Survey of Congressmen on the importance of various actors
in determining voting decisions [26];
Ranking of science priorities based on frequency and nature
of Congressional testimony by Earth scientists

Defense

Commercial
data users

Media
Public

S&T advisory
bodies
Government

a high-level of conﬁdence in the model and the technique used to
assign the value ﬂow scores.
5. Results
The basis for the model is the computation of reinforcing
feedback loops, known as a value loop [16]. Stakeholder value
network analysis computes the product of all value ﬂow scores
contained within a loop, and can be heuristically understood as
‘strong links produce a strong chain’. The details of the generalized
exchange computation, together with the underlying representation of utility is provided in [14]. Value loops also provide the
means for developing an in-depth understanding of how value is
created and delivered throughout the stakeholder network, which
may not be immediately obvious or intuitive to Earth Observation
Program planners.
The stakeholder model contained 1880 unique value loops. We
used a computer software program called Object Process Network
to compute the value loop scores [33].
The value loop scores were analyzed to determine the following:







most important stakeholders;
most important value loops;
most important value ﬂows;
highest value NASA/NOAA outputs;
highest value NASA/NOAA inputs;
value potential for each of the six science categories.

Table 4
Survey results for public issues [25].
Issue

% respondents declaring
as most important issue

Rank

Security/defense/war
Economy/budget/taxes
Health care
Energy/environment
Domestic issues
Knowledge/education
Other

39%
27%
12%
6%
4%
2%
10%

1
2
3
4
5
6
e
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To calculate the importance of each stakeholder, we used the
weighted sum of the stakeholder’s occurrence in all value loops,
known as the Stakeholder Loop Occurrence [15]. Each time
a stakeholder appears in a value loop, the score for that loop is
added to the stakeholder’s total. The ﬁnal values were normalized
by the sum of all value loop scores included in the set. By deﬁnition,
NASA/NOAA has a score of 1.0 because it appears in every value
loop. Fig. 4 shows the relative importance of each stakeholder in
the model. The top four stakeholders are NASA/NOAA, Government,
Scientists, and Public.
The complete stakeholder value ﬂow map with all 13 stakeholders and 190 value ﬂows is enormously complex. A diagram
showing only the most important stakeholders and value ﬂows
would provide a more comprehensible view of the stakeholder
network and would serve as a much more useful reference tool.
To produce the simpliﬁed stakeholder diagram, shown in Fig. 5,
we combined the information yielded from the three analyses of
the most important stakeholders, value ﬂows, and value loops.
Stakeholders and value ﬂows that appeared consistently across the
three analyses were included in the simpliﬁed diagram. We added
additional stakeholders and value ﬂows if they played a signiﬁcant
role in at least one of the three analyses. Certain stakeholders and
value ﬂows were deleted if their presence was minor or inconsistent across the three analyses. Most importantly, we varied the
thickness of each value ﬂow varies according to its relative
importance in the model, thus creating a new dimension of
stakeholder maps.
The ﬁrst tier of stakeholders, indicated with solid black borders
in Fig. 5, includes NASA/NOAA, Scientists, the Public, and the
Government. These four stakeholders and the value ﬂows among
them appeared consistently across the three analyses.
The second tier of stakeholders, indicated with dashed line
borders, includes S&T Advisory Bodies, International Partners,
Commercial Data Users, Educators, and Commercial Industry. Of
these ﬁve stakeholders, S&T Advisory Bodies are the most important based on the analyses conducted in the previous sections. This
is reﬂective of the deference with which NASA, NOAA, the Executive
and Congress treat the Decadal Survey, and of the importance of the
advisory process performed by the National Academies and other
science- and technology-focused advisory bodies. The other four
Tier 2 stakeholders are not absolutely critical to the success of the
Earth Observation Program, but they each contribute to important
value chains that provide high-value resources that can greatly
enhance the program’s success. International Partners have the
capacity to provide program cooperation and cost-sharing to NASA/
NOAA and space-acquired data to Scientists. As the Decadal Survey
mentions, this could alleviate the need for certain missions or
signiﬁcantly reduce the cost to NASA and NOAA of obtaining spaceacquired data. Commercial Data Users use the space-acquired data
from NASA/NOAA and the knowledge from Scientists to provide
Earth observation-related products and services to the Public.
These include services such as weather forecasts and land-imaging
products such as Google Earth and Microsoft Virtual Earth, but are
separate from products provided directly to the public by NASA/
NOAA, such as weather images. Educators provide a skilled and
motivated workforce, which is a key asset for NASA/NOAA to
maintain its leadership position in Earth observations. Commercial
Industry is the weakest of the Tier 2 stakeholders, having appeared
inconsistently in the stakeholder, value ﬂow, and value loop analyses. However, in addition to providing science systems, Commercial Industry has the capacity to provide launch services to NASA/
NOAA, another key asset for the Earth Observation Program.
Finally, the third tier of stakeholders includes the Media,
Defense, Federal Agencies, and NGOs. While these four stakeholders do contribute some value to the program, their overall
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Table 5
Comparison of public value ﬂow rankings to survey results.
Public survey issue category

Rank from
surveys

Value ﬂow

From: Stakeholder

Value ﬂow scores

Average ﬂow scores

Security/defense/war
Economy/budget/taxes

1
2

Security beneﬁts
Employment

3/4

Knowledge/education

6

Health, safety, & environmental
protection
Informative content
Science content
Science knowledge

0.43
0.32
0.54
0.44
0.37
0.46
0.32
0.34
0.29
0.33
0.31
0.29

0.43
0.41

Health care and energy/environment

Defense
Com. data users
Com. industry
Defense
NASA/NOAA
Scientists
Com. data users
Government
Agencies
Media
NASA/NOAA
Educators

importance to the Earth Observation Program is minimal and they
should receive a lower priority than stakeholders in the ﬁrst and
second tiers. One of the notable differences between the NASA/
NOAA Earth Observation Program and the NASA exploration
programs is the importance of the Media. In Cameron’s analysis of
the exploration program [15], the Media was one of the more
important stakeholders. This was because much of the value
created by the exploration program is delivered by the Media to the
Public, through photo and video imagery. In the Earth Observation
Program, however, much of the value of the program is delivered
through science knowledge to the Government and Earth
observation-related products and services to the Public. Neither of
these outputs involve value ﬂows through the Media. While the
Media does provide sensational news reports regarding weather
and climate change, these are not among the high-scoring value
ﬂows within the stakeholder value network.
The stakeholder value network analysis indicated that satellite
missions related to weather, climate, and solid Earth provide the
most overall value to the stakeholder network. Visualizations of the
value ﬂow maps for these three science categories reveal differences in how each delivers value to the nation. For example, Fig. 6
shows the most signiﬁcant value ﬂows created by climate change
missions. Fig. 7 shows the most signiﬁcant value ﬂows created by
land-use missions. Although not shown, the value ﬂow map for
weather missions is most similar to that of land-use missions.
Fig. 6 shows that the most signiﬁcant value ﬂows (i.e. thicker
value ﬂow lines) created by climate change missions are science
knowledge from Scientists to NASA/NOAA, the Government, and
S&T Advisory Bodies, as well as science policy advice from S&T
Advisory bodies to the Government. However, these value ﬂows are
not as strong in the land-use map. Fig. 7 shows that land-use
missions deliver much more of their value through Commercial
Data Users and the Public than climate missions. Weather and land-

Fig. 4. Weighted stakeholder occurrence scores.

0.32
0.31

use missions create more Earth observation-derived products and
services (i.e. thicker purple lines). This model indicates that because
of the tremendous commercial value in weather and land-use data,
missions from these two categories would produce roughly
equivalent amounts of value to the stakeholder network as climaterelated missions. Note that most of the value ﬂows out of
Commercial Data Users ﬂow to the Public.
These value ﬂow maps suggest that, although NASA/NOAA may
place a higher value on climate change than the other science
categories, weather and land-use missions produce more products
and services for the Public, such that NASA/NOAA should prioritize
them equally with climate missions. This differs from much of the
current consensus that climate missions should receive higher
priority than all other science categories, perhaps arising from the
uncertainty in quantifying the beneﬁts of climate missions.
The analysis also concludes that the human health and solid
Earth science categories provide the smallest amount of value to
the network. This provides a somewhat objective rationale for
assigning low priority to missions from these two categories. While
solid Earth information could be useful in helping to predict natural
hazards such as earthquakes, there are other more important needs
to be fulﬁlled for the Public and other beneﬁciaries. Given NASA/
NOAA’s current lack of sufﬁcient resources for Earth science, it may
be beneﬁcial to assign responsibility for solid Earth missions to
another federal agency such as the USGS. With regards to human
health missions, this falls outside the traditional boundary of
NASA’s Earth science program. Human health is not speciﬁcally
mentioned in the list of objectives for NASA’s Earth science
program [27].
6. Recommendations
The stakeholder value network analysis yielded the following
major insights about the Earth Observation Program:
 NASA/NOAA should prioritize its outputs in the following order:
1. data and resources to Scientists;
2. future plans information and funding to S&T Advisory
Bodies;
3. program cooperation and cost-sharing with International
Partners;
4. future plans information and funding to Commercial
Industry;
5. data and future plans information to Commercial Data
Users;
6. Earth observation-derived products and services and
employment to the Public.
 It is inherently difﬁcult for NASA/NOAA to achieve signiﬁcant
collaboration with Defense, International Partners, and other
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Fig. 5. Simpliﬁed stakeholder map showing relative importance of each value ﬂow.

Fig. 6. Top value ﬂows created by climate missions.
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Fig. 7. Top value ﬂows created by land-use missions.

Federal Agencies. The analysis provides an indication of NASA/
NOAA’s ability to affect each of its inputs by changing the level
of its outputs. The lowest-scoring inputs were cost-sharing and
collaborative efforts with Defense, International Partners, and
Agenciesdindicating an inherent difﬁcult in the ability to
increase the level of those inputs.

 NASA/NOAA would reap greater beneﬁts from collaboration with
International Partners than it would with Defense or other Federal
Agencies. International Partners are uniquely suited to provide
and receive value from collaborative efforts with NASA/NOAA.
Because of the lack of high-value feedback loops, collaboration
with Defense and Agencies offers less incentive to NASA/NOAA.

Table 6
Substantial differences in recommendations between decadal survey and stakeholder value network analysis.
Earth science decadal survey
Achieving the vision of the decadal survey:
A formal interagency planning and review process should be put into
place that focuses on effectively implementing the committee
recommendations and sustaining and building the knowledge and
information systems for the next decade and beyond. (pp. 3e16)
Assimilation and distribution of science measurements:
As new Earth observation missions are developed, there must also be early
attention to developing the requisite data processing and distribution
system, and data archive. Distribution of data should be free or at lowcost to users, and provided in an easily-accessible manner. (pp. 3e10)

Stakeholder value network analysis
A science & technology advisory body should periodically review the status of
the Earth Observation Program and should continually reassess key assumptions
from the Decadal Survey. The advisory body should use sophisticated stakeholder
analysis and system architecture modeling tools to recommend changes to the
program based on the updated progress and key assumptions.
Distribution of data should be free for scientiﬁc and academic purposes. To take
advantage of the emerging commercial uses for Earth observation data,
NASA & NOAA should consider innovative approaches to partnerships with
commercial data users, including mission cost-sharing, development of new
commercial markets for data, and commercial licensing agreements for data access.

Additional recommendations from stakeholder value network analysis:
 NASA & NOAA should prioritize cooperative efforts with International Partners over cooperation with the Department of Defense or other Federal Agencies.
Investing resources to cooperate with International Partners provides the strongest feedback loops to deliver value to the entire stakeholder network and
return value to NASA & NOAA.
 NASA & NOAA should seek some cooperation with other Federal Agencies for missions related to human health & security and solid Earth hazards & natural resources.
These missions return relatively less value to NASAA & NOAA than weather, climate change, and land-use missions. Partners for these missions might include USGS,
Department of Energy, National Institutes of Health, Environmental Protection Agency, or Center for Disease Control.
 NASA should provide funding and other resources to support the development of low-cost, reliable medium-lift launch vehicles by commercial industry. The potential
retirement of the Delta II launch vehicle and the excess cost of using larger launch vehicles are major issues currently facing NASA. A commercially available
medium-lift launch vehicle would generate signiﬁcant value to NASA/NOAA and the entire stakeholder network.
 NASA & NOAA should investigate the use of marketing, branding or other means to inform recipients of knowledge and users of Earth observation-derived products and
services that the information originated with NASA & NOAA Earth observation missions. In long value chains involving multiple stakeholders, it may be difﬁcult
or impossible to know that a particular value ﬂow is part of a chain that originated with an output from NASA & NOAA. Keeping the public, beneﬁciaries, and
advocacy groups more aware of NASA & NOAA’s programs will help increase public support for favorable policy direction and funding for NASA & NOAA in
the future.
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 One of Commercial Industry’s most important outputs is launch
services to NASA/NOAA. A commercially available medium-lift
launch vehicle, at reasonable cost and high reliability, would
generate signiﬁcant value to NASA/NOAA and the entire
stakeholder network.
 NASA/NOAA’s third most leveraged input is the ﬂow of skilled
workers from Educators, after policy direction and funding from
the Government. This ranks higher than science knowledge
from Scientists, which is one of the primary beneﬁts of the
Earth Observation Program. This indicates that NASA/NOAA has
a major role to play in using science knowledge to inspire
students to pursue careers in science and engineering.
 Weather and land-use missions provide roughly the same value as
climate-related missions. Weather, climate, and land-use
missions provide the most value to the stakeholder network.
Climate provides value primarily through the delivery of
science knowledge to NASA/NOAA and the Government, while
weather and land-use missions provide value primarily
through the delivery of Earth observation-related products and
services from Commercial Data Users to the Public. Because of
this, Commercial Data Users have a potentially signiﬁcant role
to play in delivering value from weather and land-use missions.
Table 6 highlights two substantial differences in recommendations between this analysis and the Decadal Survey, as well as
additional recommendations from the stakeholder value network
analysis that were not mentioned in the Decadal Survey. Recommendations from the Decadal Survey include the page number
from the report in parentheses. Suggested changes to the Decadal
Survey recommendations are emphasized in bold.
7. Conclusions
The stakeholder analysis conducted in this paper provides
a succinct description of the role of each major stakeholder in the
Earth Observation Program, its most important contributions to the
program, and the speciﬁc inputs and outputs that contribute the
most value to the stakeholder network. This analysis is intended as
a counter-point to the prioritization created by the Earth Science
Decadal Survey, which did not merge the priorities of the science
stakeholders with those of the non-science stakeholders. Additionally, this counter-point indicated the relative importance of each
science category corresponding to the six science-themed Decadal
Survey panels, which can be useful for prioritizing missions.
While this analysis produced a number of recommendations
which are judged consistent with those of the Decadal Survey, it
provides several results which are not consistent with it and which
merit attention by Earth Observation Program planners. In particular, the analysis concludes that international partnerships represent a strong potential partner for certain science missions,
representing greater potential value delivery than currentlyprioritized efforts with defense stakeholders. Additionally, the
analysis concludes that weather and land-use missions, in addition
to climate missions, should be given highest priority; water, human
health, and solid Earth missions should be given lower priority
based on each science category’s potential for delivering value to

269

the entire stakeholder network. Finally, we suggest that the long
and diffuse value delivery chains present in Earth Observation
Programs represent an opportunity for greater brand leverage,
particularly where end-products do not currently reﬂect the original satellite assets used.
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