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The Value of Scientific Information—An Overview

By Emily Pindilli, Scott Chiavacci, and Crista Straub

Introduction
The U.S. Geological Survey (USGS) provides reliable 

science, data, information, and models (hereafter collectively 
referred to as “information”) to describe and understand the 
Earth. This information is used to minimize loss of life and 
property from natural disasters; manage water, biological, 
energy, and mineral resources; and enhance and protect quality 
of life. USGS science informs public and private decisions, 
operations, and risk management in all major United States 
economic sectors, as defined by the Bureau of Economic 
Analysis, and provides critical information for natural resource 
and natural hazard management and stewardship decisions.

Understanding the value of scientific information 
supports applications of USGS science in land- and water-
management decisions, and better informs the public about the 
return on investment of USGS programs. USGS economists, 
social scientists, and physical scientists are engaged in 
collaborative efforts to advance methods to estimate the value 
of information (VOI) produced by the USGS. These efforts 
involve collaborating with an international community to 
develop and refine estimation methods, establish best practices 
to determine VOI, develop a study repository, and conduct 
projects to assess the VOI of specific information products and 
their application. This report focuses on economic valuation 
conducted by USGS specifically, although the methodology 
has much broader applicability within the U.S. government, 
academia, and beyond. Noneconomic valuation techniques 
for assessing the VOI also exist but are not addressed in 
this report.

Theory Behind VOI
Information has potential value to each of its users when 

it is used in decisions and improves the outcomes of those 
decisions. To estimate VOI, economists consider the difference 
in economic value between real or hypothetical outcomes with 
and without additional information. Information is valuable 
because it dispels uncertainty; similar to other commodities, 
the value of each additional unit of information generally 
decreases as overall knowledge increases.

Methods Used to Estimate VOI
When assessing VOI, it is important to uphold basic prin-

ciples of economics, which include modeling changes in value 
based on how much a consumer would be willing to pay for an 
additional unit of a good or service (or in this case, informa-
tion). The difference in the value of additional information 
should be considered as compared to the next-best currently 
available alternative information. Because USGS scientific 
information is provided free of charge and widely distributed, 
this scientific information has characteristics of a public 
good, in which consumption is non-rivaled, and because the 
USGS distributes it widely, non-excludable. Although there 
are many types of information that are traded in markets and 
the value of that information can be approximated via market 
prices, the free scientific information provided by USGS is 
most commonly a nonmarket good, so monetizing the societal 
benefits requires nonmarket valuation techniques.

Accepted approaches used to estimate VOI include evalu-
ation of output or productivity gains, hedonic pricing studies, 
stated preference approaches (such as contingent valuation), 
and Bayesian analysis decision-tree approaches (Macauley 
and Laxminarayan, 2010). Although survey-based methods, 
such as the stated preference approach, provide perspective 
on the change in value from broad uses of information, the 
end goal of VOI analysis is to understand the change in 
outcomes and associated societal benefits. Thus, it may be 
necessary to develop conceptual or mathematical models of 
socio-ecological systems. The Bayesian analysis decision-tree 
approach (Bayesian approach) is particularly useful for 
assessing changes in outcomes and associated benefits and is 
therefore the main focus of this report.

The Bayesian approach directly connects the use of 
information with decisions. This method is most relevant for 
looking at one or more specific applications of additional 
information and the decision points altered by the information 
(frequently termed case studies). The measurement of the 
effect of the additional information is an estimate of the 
societal benefits of the reduced uncertainty owing to the 
scientific information. This technique also conceptualizes 
the “use of information” narrative by including the types of 
relevant decisions, alternative decision pathways, associated 
outcomes, and, when possible, monetized benefits or savings.



2    The Value of Scientific Information—An Overview

The Bayesian approach relies on decision pathways and 
assumptions about actions taken with and without new informa-
tion. Scenarios with next-best information are frequently 
referred to as counterfactuals. VOI is calculated as the marginal 
monetized benefits of the outcome with information, and 
the outcome of the counterfactual. To avoid overestimating 
the value of new information, economists do not assume an 
absence of existing next-best information when mapping out 
counterfactual scenarios; it is important to consider and assess 
the difference in new and next-best information currently avail-
able. To derive the VOI for a specific application, one would 
have to consider all the decision points using the information, 
estimate the probability of decision pathways with and without 
new information, and monetize the benefits of each decision 
pathway. In many cases, a single decision path or application of 
the information is assessed (see Pearlman and others, 2019, for 
additional details on decision trees).

The Bayesian decision-tree concept is illustrated in 
figure 1. In this example, a decision-maker is faced with 
several decisions that rely on new or existing information, 
with alternative decisions represented by decision pathways 
A, B, and C. Based on the decision, a set of outcomes that may 
be monetized will follow. The simplified decision tree shows 
that the decision-maker will have some probability of a given 
decision in a with- and without-information scenario (note 
that the without information scenario represents the next-best 
information). The Bayesian approach considers the full benefits 
of the data, including direct, indirect, and ancillary benefits.

Foundational research on the VOI has focused on topics 
such as weather, earth observations, geospatial data for agricul-
ture, natural disasters and natural hazards, and water quality. 
The value of weather information for agriculture production and 
management has been studied extensively (Lave, 1963; Johnson 
and Holt, 1986; Sonka and others, 1987; Babcock, 1990; Adams 
and others, 1995; Pielke, 1995; Nordhaus and Popp, 1997; 
Hersh and Wernstedt, 2001). One of the most cited VOI studies 
derived the VOI for hurricane data in 1986 (Nordhaus, 1986). 
Using a stated preference approach to elicit the value of Landsat 

satellite imagery, a major USGS information product, research-
ers found that Landsat images provided $2.19 billion (2011 U.S. 
dollars) in benefits in 2011 alone (Miller and others, 2013). To 
consider changes that have altered the demand for and supply of 
remotely sensed imagery, a recent update found that domestic 
and international users received an estimated $3.45 billion in 
benefits in 2017, with U.S. users accounting for $2.06 billion 
of those benefits (Straub and others, 2019). Another USGS 
study considered the potential benefits of enhanced elevation 
data, indicating as much as $13 billion in new annual benefits 
(Snyder, 2012); research on VOI of enhanced elevation data 
continues. Although stated preference surveys can provide 
critical information on the uses and value associated with 
scientific information, this technique is not always feasible due 
to time and resource constraints.

Another set of work has focused on VOI in the context 
of natural disasters and natural hazards. Using the Bayesian 
approach, researchers analyzed the VOI of geologic maps when 
used to enhance communication about home radon risks in 
Kentucky; they found that the additional information provided 
to homeowners changed behavior, resulting in 75 fewer people 
being exposed to harmful radon levels in one year, with a net 
present value of $3.4 to $8.5 million in avoided premature 
lung cancer mortality (Chiavacci and others, 2020). In another 
case study, USGS researchers assessed the value of avoided 
evacuation costs in the event of a Mauna Loa eruption on the 
island of Hawaiʻi. The change in precision from 1992 to 2017 
when determining the pathway of lava flows due to enhanced 
elevation data is shown in figure 2 (Pindilli and Avery, 2018).

Another area of ongoing research at the USGS is 
investigating the VOI for cyanobacteria harmful algal bloom 
(cyanoHAB) science. A valuation of a cyanoHAB early 
warning system for use in freshwater lake management is being 
conducted for Kansas and incorporates observations on the 
toxicity of cyanoHAB events and benefits that additional infor-
mation would provide in terms of avoided foregone recreation 
and avoided human health effects (Pindilli and Loftin, 2022). A 
decision tree illustrating this case study is shown in figure 3.
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Figure 1.  Illustration of the Bayesian decision-tree concept. Red circle represents decision point; a decision-maker could 
make one of many decisions and the alternatives are represented by A, B, and C as decision pathways. Each pathway has 
some probability of being chosen in a with and without information scenario (note that the without information scenario 
represents the next-best information because it is unlikely that there is no information at all). The decision is associated with 
an outcome and (when possible) a monetized cost (see Pearlman and others, 2019). Figure from Pearlman and others, 2019.
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Figure 2.  Mauna Loa volcano, Hawai’i, lava-flow hazard zone map from 1992 (upper panel) and lava-flow patterns 
inundation zone map from 2017 with enhanced elevation data and increased information about flow patterns (lower 
panel). Modified from Pindilli and Avery (2018).
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Case Study: Kansas Beach Closures
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Figure 3.  Flow chart of a Bayesian decision tree showing cyanobacteria harmful algal bloom early-warning system for 
freshwater lake management. Decision point (red circle) is whether or not to close a beach to recreation. Upper panel inside 
larger dotted rectangle shows possible decision pathways without additional information, including outcome of decisions, 
probability of that decision pathway (?% = unknown probability), and examples of monetized costs. The bottom panel represents 
the decision pathway with additional information. Modified from Pindilli and Loftin, 2022.

Conclusions and Future Directions
The effect of information for making better and more 

efficient decisions is of great importance in the Bayesian 
approach and is an important area of study for the USGS. 
Information and data generated through USGS research are 
used in both the private and public sectors for a variety of end-
uses that may generate significant societal benefits. Evaluating 
these benefits by estimating the VOI is a unique topic within 
the field of economics, particularly for information that is 
provided as a public good because there is little likelihood that 
it will be traded in markets. VOI research requires multidisci-
plinary science to understand the role and use of information 
and may be best assessed by economists and social scientists 
in coordination with information providers, users of the 
information, and other stakeholders. This research draws on 
a base of foundational decision-science theory and welfare 
economics. USGS researchers are currently exploring the 
VOI related to the Landsat program, cyanoHAB information, 
and volcano science. Many additional opportunities to initiate 
VOI studies to support decision-making and prioritization on 
research and data collection efforts exist at USGS. Some of 

the key areas to initiate VOI studies at USGS include water 
availability and use information, energy and mineral avail-
ability and use, natural hazards science, and climate change 
information.
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