
1 
 

Philosophy of the Environmental Sciences 
 

Jay Odenbaugh 

Department of Philosophy 

Environmental Studies 

Lewis and Clark College 

Portland Oregon 97219 

jay@lclark.edu 

 

I. Introduction. The environmental sciences – ecology, conservation biology, climatology, 

and environmental economics – have largely been ignored by philosophers of science.1 In 

this essay, I consider three philosophical issues that arise in the environmental sciences. 

First, these sciences use mathematical models and simulations which are highly idealized 

and are coupled with very uncertain data. Why should we trust these models and 

simulations given that we know they are false and imperfect?  Second, I explore the roles 

that values play in the environmental sciences. We consider how and where certain moral 

values appear. For example, in standard Neyman-Pearson hypothesis testing, the burden of 

proof is in favor of the null hypothesis which claims some causal factor has no effect. The 

alternate hypothesis is accepted only when the likelihood of the null hypothesis is very low. 

Recently, some have argued that minimizing Type I errors (rejecting a true null hypothesis) 

rather than Type II errors (not rejecting a false null hypothesis) presupposes 

environmental risks are relatively insignificant. We also consider the tenability of advocacy 

of moral values in the environmental sciences. Finally, in debates over global climate 

change, much is made of the apparent consensus concerning the effects of human induced 

greenhouse gas emissions on average surface temperatures. However, scientific methods 

                                                      
1 However, there have been some important recent works. For example, Shrader-Frechette and McCoy 
(1994),  Cooper (2003), Parker (2006),  Sagoff (2004), and Sarkar (2005).  
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are structured around dissent and criticism. Is consensus-based science orthogonal are 

even harmful to scientific inquiry?    

II. Models. Quantitative modeling is ubiquitous in the environmental sciences. One finds it 

in conservation biology with population viability analysis, benefit-cost analysis in 

environmental economics, and with general circulation models in climatology. 

Philosophers, historians, sociologists, and self-reflective scientists have recently expressed 

much interest in modeling as a research strategy (Giere (1999), Kingsland (1995), Oreskes 

(2000), Daniel Sarewitz, Roger A. Pielke, Jr., and Radford Byerly, Jr. (2000), Pilkey and 

Pilkey-Jarvis (2006)). In this section, I want to consider some of the philosophical issues 

surrounding quantitative modeling in the environmental sciences.  

Traditionally, philosophers of science have focused explicitly on theories as opposed 

to models (however see Campbell (1920) and Hesse (1966)). This has changed 

dramatically in recent years. On a very simplistic view, scientific theories are sets of 

purported laws. What are scientific laws? It is customary to start with examples especially 

from basic physics. For example, there is Newton’s universal law of gravitation, 

 which states that the gravitational force between two objects a and b is 

proportional to their masses and inversely proportional the square of their distance. 

Similarly, there is Newton’s second law of motion, where force equals mass times 

acceleration. Finally, there is the Boyle-Charles ideal gas law  which says that the 

pressure and volume of a gas are proportional to its temperature. In the philosophical 

literature, there is a raging debate over what if anything distinguishes laws of nature from 

other sorts of generalizations (van Fraassen 1989, Lange 2000). However, if laws are at 
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least true universal generalizations, then there are very few laws, and consequently 

theories, in the special sciences.2 This is due to the fact that most empirical generalizations 

in the special sciences have exceptions. Most of science uses representational devices 

epistemically less “secure” than theories; they focus on models. 

What are models?3 Scientific models are representations which are characterized in 

part by idealized assumptions – all models contain false assumptions. Thus, a hypothesis: 

A representation is a model only if it is idealized—it contains at least one false 
assumption. 

 

However, this is a necessary but insufficient condition for a representation to be a model. 

Why? Any false representation would be a model in virtue of simply being false. So, here is 

one account of what a model is:  

Models are representations that are characterized by sets of assumptions at least 
one which is idealized where an idealization is a false assumption that is useful for 
some purpose. 
 

If we are to delineate which representations are scientific models from other sorts, then we 

must articulate the purposes for which scientists use their models. There are many 

contenders but here are a few possibilities.4 Scientists use models for anticipation of, 

intervention in  and understanding of the natural world; that is, to represent the world for 

                                                      
2 This is not to say that there are no candidates for “lawhood” in the environmental sciences. Insofar as 
climatology imports basic physics and physics has laws, then climatology has laws. Likewise, some argue, 
(Colyvan and Ginsberg (2006), Lange(2000), and Mikkelson (2004)) that the species area relation  is 
a law in ecology where S is number of species, A is area, and c and z are parameters. It should also be noted 
that philosophers like Nancy Cartwright (1983) have argued that even basic physics lacks laws. 
  
3 This analysis of what models are follows Odenbaugh (2005). 
 
4 Here I am considering epistemic aims of scientists and not other sorts. For example, a scientists might put 
forward a model with the aim of garnishing fame and fortune or because the model exhibits what they 
perceive are beautiful symmetries. These other non-epistemic aims are important but I am putting them to 
the side. We will consider the role of moral values in the environmental sciences in section two.  
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prediction, control, and for explanation.5 It is also important to recognize that there are a 

variety of objects which are used as models or representational devices. For example, there 

are physical, scale, analogue and mathematical models and we shall focus on the latter 

category.  

 Let’s begin by considering one mathematical model used in conservation biology, a 

metapopulation model. A metapopulation can be thought of as a “population of 

populations” which are subdivided spatially but connected by migrating organisms. If P is 

the proportion of “patches” occupied by a species, c is the rate of patch colonization, and e 

is the rate of patch extinction, then the rate of change of the proportion of occupied patches 

is the proportion of patches colonized minus those patches where extinction occurs or 

. If , then the feasible equilibrium proportion . 

This equation entails that the rate of colonization must be greater than the rate of 

extinction otherwise the equilibrium proportion of patches will decay to zero;  if 

only if . There are several idealizations on which this model is based. For example, we 

are assuming the local populations are identical in their chances of colonization and going 

extinct, rates of colonization and extinction are constant, and distance between patches is 

irrelevant. 

 Scientists describe models as having three components – parameters, variables, and 

laws (Otto and Day 2007). Parameters are the properties of the objects which in our 

representation are held constant; variables are the properties of these objects which in our 

representation are permitted to change, and laws are the relationships or rules relating the 

                                                      
5 Whether or not there are uniquely scientific purposes can be debated. The sort of pragmatism articulated 
here does not see science as distinct from common sense or ordinary aims so that issue would not be of a 
great significance.  
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two. In the above metapopulation model, c and e are parameters of the metapopulation, P is 

the variable, and the first-order differential equation is our dynamical law. The laws in 

environmental models may be deterministic or probabilistic and they may describe 

relationships which are temporally continuous or discrete. It is important to note that the 

idea of a “law” is not necessarily the same as the notion discussed by philosophers of 

science. The laws in many environmental models may simply describe a mathematical 

structure; they need not be exceptionless generalizations. 

 In recent years, metapopulation models have been used to great effect in one of the 

most contentious environmental policy debates – the possible extinction of the northern 

spotted owl (Strix occidentalis caurina). The northern spotted owl is a monogamous, 

territorial subspecies inhabiting old-growth coniferous forests in western Washington, 

Oregon, and northern California. Throughout its range, it is closely associated with old 

forest stands that provide food, thermal cover, and nest sites. Each breeding pair uses 

between one and three square miles of forest that is more than 250 years old. Forest fires, 

farm clearing, and especially timber harvest have reduced spotted owl habitats to less than 

10% of their original area. The primary scientific question has been this: What must be 

done to prevent extinction of the northern spotted owl? Biologists have attempted to 

answer this question with quantitative models and more specifically with detailed 

metapopulation models.6  

                                                      
6 In what follows, I present the demography of northern spotted owls and modeling work of biologist Russell 
Lande leaning heavily his (1988) essay. Though the mathematics is different than the metapopulation model 
above, it still assumes that northern spotted owls are a population of populations spatially subdivided with 
local migration and local extinction. For a popular treatment of the conflict between logging and 
environmentalists along with parts of the story below see Durbin (1998). Likewise, for a general discussion of 
the natural history and science of temperate rainforests in the Pacific Northwest see Norse and Raven (1988).  
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The theoretician Russell Lande was presented with a theoretical problem by the 

environmental lawyer Andrew Stahl in 1985. Stahl showed Lande the Forest Service’s 

“regional guide” – their plan to protect the northern spotted owl and asked him to evaluate 

it. Using published and unpublished work along with the regional guide, Lande devised a 

metapopulation model to determine how much habitat must be minimally preserved to 

protect the species. To understand his model, we must define the following parameters and 

variable respectively. Let  be the probability that a juvenile female inherits the territory of 

her mother, m be the number of territories a juvenile can disperse through before dying 

from predation, starvation, etc., h be the proportion of habitable territory, and p be the 

proportion of habitable sites that are occupied. Thus, the probability of a female not finding 

habitable territory in m trials is, 

 

This is so because the probability of a female not finding habitable territory is determined 

by them not inheriting it from their mother  and not successfully dispersing to an 

unoccupied territory  (finding each territory occupied or uninhabitable in m 

trials). When modeling discretely growing populations – and female northern spotted owls 

reproduce only during a specific time in their third year – their growth rate is customarily 

represented as  which can be equal to, less than, or greater than one. A species 

or population is in “demographic equilibrium” when  and we will assume that the 

northern spotted owl is in a demographic equilibrium which occurs when 

7 

                                                      
7 Note in this equation we have  which is the probability of a female successfully 
finding habitable territory in m trails and  is a measure of fecundity. Multiplied together they give us the 
population’s growth rate. We are assuming the metapopulation is in demographic equilibrium which means 
that the ratio of the population sizes Nt + 1/Nt is equal to one and thus is unchanging.  
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In this equation,  where  is the probability of surviving to age x given the 

female has found habitable territory and  is the mean lifetime offspring production per 

female given that she finds habitable territory. Finally, we can solve the following equation. 

 

Here k is the “demographic potential” or the equilibrium occupancy of territory. What is 

crucial to notice is that the northern spotted owl can persist just in case . In 1987, 

the percentage of Douglas fir forest 200 years or older in Western Washington and Oregon 

was about 38% and thus   and survey work suggests that about 44% of sites were 

occupied and thus . Finally, we can directly estimate k with the following equation, 

 

Thus, . Future forest plans suggested leaving 7 – 16% of Douglas fir forests 200 

years are older. However,  and thus it appeared that the northern 

spotted owl was doomed unless forest plans were revised.  

The work of biologists like Russell Lande who pioneered this metapopulation model 

was crucial to revising the Forest Service’s habitat protection plans. Specifically, it lead to 

the withdrawal of six old growth forest timber sales in Oregon and Washington in 1985 and 

would be an important component of the 1994 adoption of the Northwest Forest Plan, 

which protects 8 million acres of old-growth forests (80% of the owl's remaining habitat, 

compared to 5% protected by the Forest Service's original owl plan). However, 

philosophically serious questions arise when we consider this and other models in the 

environmental sciences. Our model incorporates several idealizations. For example, we 

have assumed that parameters  and m are constants – they don’t vary stochastically – and 
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that the metapopulation is in a demographic equilibrium. Likewise, this model applies best 

when the habitats are distributed in a random or even manner.  So, if some of the model’s 

assumptions are demonstrably false, then why should we trust it especially when it comes 

to making policy decisions? 

  One suggestion is that this metapopulation model is “approximately true” of the 

northern spotted owl. Unfortunately, an adequate account of approximate truth is elusive 

since customary accounts have fatal flaws. However, we do not have to have a full-fledged 

account of approximate truth to see how this sort of defense might go. In the case of the 

assumption of demographic equilibrium, Lande attempts to show that it is approximately 

correct – that is the rate of growth of the northern spotted owl is approximately one. He 

writes, 

The annual geometric growth rate of the northern spotted owl population estimated 
from currently available demographic data (Table 1) is , which is 
statistically not significantly different from that for a stable population ( ) or 
from the approximate 1% annual decline estimated from long-term surveys by 
Forsman et. al. (1984) and Forsman (1986). (1988, 605) 

Another response to this worry is to show that a model’s false assumptions do not matter 

to the phenomena of interest (Wimsatt 1981). That is, if we replaced the idealizations with 

true or at least more realistic assumptions, the answer provided by the model to the 

question of interest would not be different. Remember we began with the following 

question, “What must be done to prevent extinction of the northern spotted owl?” Lande 

was consulted to determine if the Forest Service’s plan was adequate and he answered on 

the basis of his model that it was not. However, he notes that his model makes conservative 

predictions. If he had added more realistic assumptions, then the Forest Service’s plan 

would still be inadequate and even more so. Here is what he writes,  
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The model of dispersal and habitat occupancy is optimistic in several respects 
because of the assumptions that there is no difficulty in finding a mate, no dispersal 
out of regions containing suitable habitat, no demographic or environmental 
stochasticity (including environmental catastrophes – see Forsman  1986), and no 
loss of fitness from inbreeding depression in small populations … Violations of any 
of these assumptions would render population persistence more difficult (Levins 
1969; Shaffer 1981; Lande 1987), hence this model is likely to underestimate the 
extinction threshold, or minimum proportion of suitable habitat in a region 
necessary to sustain the population. (1988, 605)8  

So, idealized assumptions can be “discharged” in at least two ways. First, one can show that 

in fact the false assumption is approximately correct. Second, one can show that an 

idealization does not matter because replacing those idealizations would not change the 

answer it provides to policy questions of interest. Let us know turn to the issues of values 

in the environmental sciences.  

II. Value Neutrality and Advocacy. It is clear there are various moral values in the 

environmental sciences. Let me provide examples of how this occurs in a couple of contexts 

including conservation biology, climatology, and environmental economics. In standard 

Neyman-Pearson hypothesis testing, we have a null hypothesis H0 and an alternate H1.9 

Null hypotheses claim some causal factor has no effect; the alternate says that the causal 

factor does have an effect. Here are some illustrations. Suppose we are considering the role 

of hydroelectric dams in the Pacific Northwest and how they affect salmon populations. 

Specifically, they prevent salmon from moving easily from the Columbia River to the Pacific 

Ocean and back. Let our null H0 and alternate H1 say,  

                                                      
8 In Lande’s (1987) mathematical paper, “Extinction Thresholds in Demographic Models of Territorial 
Populations”, he examines more realistic models in addition to the basic model presented here. In effect, he 
explores how changing the model assumptions affects the model’s dynamics.  
 
9 For a good discussion of the value-ladenness of Neyman-Pearson testing in ecology see, Shrader-Frechette 
and McCoy (1994). 
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H0: Leaving irrigation water on will not decrease endangered salmon populations 

H1: Leaving irrigation water on will decrease endangered salmon populations. 

Likewise, suppose our “null hypothesis” asserts that the warming of average surface 

temperatures is due to chance and alternate hypotheses suggests that this warming is at 

least in part due to human emissions of greenhouse gases. 

 H0:  The warming over the twentieth century is due to chance. 

 H1: The warming over the twentieth century is due to human fossil fuel emissions. 

Obviously, there are four types of decisions we can make: 

 We reject the null H0 given that it is true. 

 We accept the null H0 given that it is true. 

 We reject the null H0 given that it is false. 

 We accept the null H0 given that it is false. 

A Type I error occurs when we reject the null given that it is true and a Type II error occurs 

when we accept the null when it is false. Given that are environmental data are samples 

from “populations” under investigation and how difficult that data can be to collect, these 

errors are always present. Customarily, scientists minimize Type I errors; they reject H0 

just in case Pr(Rejecting H0/H0 is true) < 0.05.10 We could choose to minimize the risk of 

Type II errors, but for mathematical reasons we cannot minimize both types of errors. 

Since both errors cannot be minimized we must choose which one to minimize and that 

involves which error we believe to be more important to avoid. Is losing endangered 

                                                      
10 Of course, there is nothing sacrosanct about a significance level of 0.05. Sometimes we use 0.01 instead. 
However, significance levels themselves presuppose judgments about what standard of evidence is good 
enough and that depends on our aims and interests which can be ethical. Likewise, the quality of evidence we 
have in conservation biology and climatology rarely are this good. 
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salmon populations more important than irrigation? Is the warming in average surface 

temperatures serious enough for us to curb our emissions? In attempting to answer which 

hypothesis to reject, we are necessarily involving ourselves in questions of value. 

Moreover, these questions of value will in part be ones of moral value since we are making 

assumptions about how salmon populations and climate change affect human well-being 

economically, ecologically, and aesthetically. Thus, in the environmental sciences, facts and 

moral values are often mixed even in statistical hypothesis testing. 

 Neyman-Pearson statistical hypothesis testing is a very common methodology 

taught in statistics courses and used by practicing environmental scientists. However, some 

philosophers and statisticians reject  it for an alternative, Bayesianism. On this view, we do 

not reject or accept hypotheses; rather we compare the probability of the hypothesis given 

some evidence Pr(H/E) against the prior probability of the hypothesis Pr(H) using Bayes’ 

theorem, . Here Pr(H) is the prior probability of the hypothesis H, 

Pr(E) is the probability of the evidence, and Pr(E/H) is the probability of the evidence E 

given the hypothesis. Put very simply, if , then E confirms H and if 

, the E disconfirms H. We do not reject or accept hypotheses; rather we 

compare the probability of the hypothesis given some evidence Pr(H/E) against the prior 

probability of the hypothesis Pr(H). Whether similar problems affect a Bayesian inferential 

frameworks is an open question. 
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Here is another example of the how the environmental sciences are value-laden 

coming from environmental economics.11 Recently, Sir Nicholas Stern, who is a top 

economic adviser to the British government, came to the United States to lecture on global 

climate change. He led a commission which released the The Economics of Climate Change: 

The Stern Review (2007) which called for “urgent action” on climate change. After the 

publication of the report, he went to Yale University to debate his proposal which 

essentially is this: Given the fact that we are warming the Earth in an unprecedented 

manner and that this is likely to lead to severe effects like droughts, species extinction, 

rising sea levels, and melting sea ice, we must take serious action like a large carbon 

trading or taxes. Stern was rebutted in debate by economists William Nordhaus and Robert 

Mendelsohn. The main argument they raised concerned discount rates and future 

generations. Customary economic practice has it that future benefits and costs are of less 

value than present benefits and costs and usually they use an equation like the following 

one to compute present value from future benefits/costs.  

 

Here PV is present value, FVt is future value at t, and r is a discount rate. So, $200 dollars 

twelve years from now at a 6% discount rate is worth $100 now. Stern’s report essentially 

claims that present benefits/costs are of much the same value as future benefits/costs 

(adjusted for inflation) and Nordhaus and Mendelsohn use a much higher discount rate. 

From a moral point of view, we believe that is morally wrong to discriminate with respect 

                                                      
11 For a popular discussion of the debate see the following: 
http://www.nytimes.com/2007/02/21/business/21leonhardt.html?ex=1329714000&en=846690277bf060
af&ei=5090&partner=rssuserland&emc=rss. 
 

http://www.nytimes.com/2007/02/21/business/21leonhardt.html?ex=1329714000&en=846690277bf060af&ei=5090&partner=rssuserland&emc=rss
http://www.nytimes.com/2007/02/21/business/21leonhardt.html?ex=1329714000&en=846690277bf060af&ei=5090&partner=rssuserland&emc=rss
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to race, gender, and so on. Similarly, one can argue there is no justifiable reason 

discriminating again individuals for living at time later (or earlier for that matter) than we 

do.  

There are several arguments offered in favor of discounting future value. First, 

individual’s have “positive pure time preferences” meaning that they prefer present 

benefits more than future benefits. However, there is a crucial difference in what people do 

prefer and what they ought to prefer. Second, economists argue that present benefits are 

more “certain” than future benefits. Still, it is not necessarily true than we can be more 

confident of present benefits as opposed to future benefits since this depends on the 

content of the preferences. Third, some economists suggest that we must compare future 

benefits against resources being invested now at current rates of interest. One reply to this 

argument is that this argument holds only if alternative goods are substitutable and there is 

reason to believe that certain goods necessary for human well-being – clean air, clean 

water, photosynthetic organisms producing CO2, etc. are not substitutable with future 

economic benefits since we would not be present for those substitutes. Regardless of one’s 

view about the correct value of the discount rate, the value assigned to the discount rate 

thus is a normative, moral issue.12  

 So, we have ample reasons to reject the claim that the environmental sciences are 

“value-neutral” and the values are in many instances moral (Odenbaugh 2003). However, 

there are two questions we should ask. First, what values are at stake in environmental 

science? Second, how should they affect our scientific decision-making? To help us 

understand the various values at stake it useful to consider the work of Helen Longino in 

                                                      
12 For an excellent discussion of the moral and economic issues surrounding the discount rate, see Broome 
(1992) and for a more elementary discussion see O’Neill, Holland, and Light (2008).  
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her Science as Social Knowledge (1992). Longino carefully contrasts constitutive and 

contextual values in science. Constitutive values are values that make science the practice 

that it is. As examples, values like simplicity, empirical accuracy, unification, and 

fruitfulness are often used in choosing hypotheses. These features are of value because of 

the aims which they serve in scientific inquiry and they help define what science is. 

Contextual values are values that arise in contexts in which science is done. Specifically, 

they derive from individual scientists, science as a collective, and society at large in which 

science is done. Personal contextual values include those economic, aesthetic, and moral 

values informing the work that individuals select, the analysis they do, and what kind of 

person they are. Collective contextual values include the practical aims of these programs 

both in terms of the implications of their research for future intellectual activities but also 

for other’s well-being. For example, the investigation of biodiversity has these broad values 

in the sense that it may be bought or sold in markets, can improve our lives in non-material 

ways, and can valued for their own sake. 

 It is more controversial as to how these values should affect scientific decision-

making. The controversy depends on what the values are, who holds them, and what 

justification they have for holding them. For scientific work to affect policy-making, the 

science must appear to be sound; that is, no apparent “junk science”. If one advocates 

values that are unique personal contextual values, then the work of a scientist can appear 

subjective and thus irresponsible. For example, if one advocates that dams should be 

prohibited because of the intrinsic moral value of salmon populations and those values are 

not widely shared, then one risks critics challenging the work on the basis of the aims of the 

scientists and not the work’s quality. If one advocates values that are collective contextual 
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values shared by other scientists, then the work of a scientist can appear more-or-less 

objective. For example, if general circulation models suggest that global mean temperature 

will increase significantly due to greenhouse gas emissions and this would have broad 

negative effects on human well-being, then advocating curbing emissions would appear 

more objective because it based on shared collective values of climate scientists. If one 

promotes values that are collective contextual values shared by scientists and non-scientists 

alike, then the science will similarly appear responsible. For example, biodiversity provides 

all of us with essential ecosystem services like purification of water and soil, generation 

and renewal of soil, pollination of crops and plants; control of agricultural pests, and partial 

stabilization of climate. Society as a whole values these services (and should) and they 

should be promoted.  

 In sum, the environmental sciences is not value-neutral. Still, this does not imply 

that every value should enter scientific decision-making in the same manner. Scientists 

should be aware of whether those contextual values are personal or collective and how 

deeply they are shared. They risk the loss of credibility when those values appear to be 

idiosyncratic to ecologists or cannot be justified on the basis of considerations of the well-

being of others. This is crucial because we live at time where scientific credibility is under 

heavy scrutiny and the opinions of scientists are challenged due to possible political biases 

and the clear biases of those who evaluate the science for political purposes. If the public 

believes that the environmental sciences should be value-free (contrary to what is the 

case), then scientists must engage in activism or advocacy with care.13 

                                                      
13 It should also be noted that science education should challenge the myth of value neutrality. One way of 
improving the public’s view of science is by the recognition that it is in the service of the common good. How 
exactly this is to be done is complex of course.  
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III. Consensus Science. Many contrarians, and others of course, make a rather obvious 

claim: 

(C) Scientific claims are not true in virtue of unanimous agreement with them. 

Why accept (C)? We all know of episodes in the history of science in which there was (near) 

unanimous assent to some proposition but that proposition was latter shown to be false. 

For example, scientists believed that the Earth was at the center of our solar system and 

that species are unrelated by common descent. Examples such as these are sufficient to 

show that propositions are not made true by unanimous consent.14 Thus, many contrarians 

assert, to concern ourselves with scientific consensus is simply to let extra-scientific 

considerations run science. More specifically, we are allowing left-leaning political 

concerns dictate the content of scientific claims. Likewise, by focusing on consensus we are 

reducing dissent and that undercuts the scientific process.15 

 One can argue that by focusing on consensus we do damage to scientific inquiry. We 

often portray scientists as impartial. They are interested in the truth per se and not trivially 

in fame or fortune and this attitude is most conducive for the discovery of significant 

scientific truths.16 Scientists may be interested in truth per se in certain instances but it 

                                                      
 
14 A technical aside: there are propositions which are made true by universal assent; namely those whose 
truth conditions concern universal assent. However, those very proposition are not made true by universal 
assent to them. Also, on one type of pragmatist theory of truth, a proposition is true just in case it would be 
agreed with by fully informed and fully rational inquirers who had an indefinite amount of time to investigate 
them. Here I am assuming such a theory is false. 

15 For a popular argument for these sorts of claims, see Horner (2007) especially his chapter five.  Ironically, 
the claims for much of the basis of fiction writer Michael Crighton’s critique of climate change science in his 
novel State of Fear.  
 
16 Philosophers David Hull (1990) and Philip Kitcher (1995) have both explored the role of self-interest in the 
process of science arguing that broadly construed such interests actually help encourage objectivity in 
science as opposed to subjectivity. Moreover, Kitcher has recently argued that truth per se is not the aim of 
science. Rather, it is significant truth that is the aim (or one of the aims) of science. There are truths which are 
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certainly need not be as cases of scientific fraud illustrate. Nevertheless, philosophers of 

science have recognized that even if scientists are primarily motivated by considerations 

other than truth – interest in peer recognition say – this can be conducive to scientific 

progress. For example, suppose a scientist A is very much wedded to a particular 

hypothesis. It is in his interest for it to be highly confirmed. However, scientist B accepts a 

contrary hypothesis and thus it is in her interest to challenge A’s claims. Finally, allies of A 

will use A’s work in their own investigations; hence, it is in their interest to make sure that 

A’s hypothesis is genuinely highly confirmed and likewise for B. These social processes 

create a climate of critical engagement and thus dissent is a crucial element in weeding out 

reliable from unreliable work, significant truths from falsehoods. These mechanisms at the 

individual level have “personal” ingredients which are harnessed socially to produce a 

mechanism for scientific progress. Hence, dissent is crucial for the discovery of significant 

truths and this may be so even if individual scientists are not particularly interested in 

truth per se. So, why should consensus matter with regard to issues of anthropogenic 

climate change, biodiversity loss, or evolution where it is often discussed?  

To zero in on the debate, let's use the following claim as an example: 

(GW) Average surface temperatures are increasing in part because of human 

greenhouse gas emissions.  

Historian of science Naomi Oreskes (2004) has argued forcefully that there is close to 

complete agreement amongst professional climate scientists on (GW)'s truth. She and her 

graduate students surveyed through the Web of Science over 928 abstracts of articles 

published peer-reviewed journals with the search term “global climate change.”  She found 

                                                                                                                                                                           
so trivial that no one would be particularly interested in them. For example, the number of blades of grass at 
Lewis and Clark College or the tautologies of the form ‘p or not-p’ would be candidates of insignificant truths. 
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no essay which disagreed with the claim “Global climate change is occurring, and human 

activities are at least part of the reason why.” So what? We know that there are dissenters 

with regard to (GW). Why does their opinion not receive equal or even greater weight?  

One common argument given has been expressed in a most detailed form in Ross 

Gelbspan’s book The Heat is On (1997). In this book Gelbspan documents how contrarian 

scientists have been funded by the oil and gas industry and many in this industry have 

generally been skeptical of (GW).17 The conclusion he draws is that these contrarians deny 

(GW) for financial gain. Let’s consider one example. Patrick Michaels is a professor of 

Environmental Science at the University of Virginia. He is affiliated with the George C. 

Marshall Institute and the Cato Institute both of which are conservative think tanks. 

Gelbspan and others claim that he has received more than $115,000 from coal and energy 

interests. A quarterly publication World Climate Review which Michaels funded was funded 

by the contrarian group Western Fuels.  Finally, he was paid $100,000 by the electric utility 

Intermountain Rural Electric Association which also is contrarian in nature. This is a 

suggestive argument; however, it is a circumstantial ad hominem. That is, we are conflating 

the truth of the denial of (GW) and Michael’s associations. To correct the “Gelbspan 

argument” we would need to show that Michael’s denies (GW) because of the money he has 

received which requires more evidence than Gelbspan has supplied.18 

                                                      
17 Recently, due to the work of Joseph Romm, the term ‘contrarian’ has been sometimes replaced with the 
terms ‘denier’ and ‘delayer’ with regard to global climate change. A denier denies the truth or justification for 
(GW). A delayer accepts (GW) but claims that we are impotent to do anything about it, it would be too 
expensive, or they are more efficient ways of our GNPs. Examples of these two positions would be Patrick 
Michaels and Bjorn Lomborg. A contrarian is typically foremostly a denier but probably a delayer as well.  
 
18 It is also important to note that the funding of those who agree with (GW) does not come from a similarly 
but oppositely biased group since much of scientist’s funding comes from agencies like the NSF. Thus, I do 
think that the correlation between anti-(GW) organizations and the opinions of the contrarians is prima facie 
evidence of bias. 
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 While I wholeheartedly agree that dissent is absolutely essential to scientific 

advances, in other contexts, dissent of the minority stands in the way. Specifically, dissent 

is essential to scientific inquiry; however, when scientific hypotheses are brought to bear 

on policy matters, consensus is incredibly important. This is because we are now 

considering the beliefs of non-scientists who do not have the relevant expertise in the 

matters of interest. Suppose you are not a climatologist; should you believe (GW)? Well, if 

the majority of climatologists do believe it and you are in no position to seriously evaluate 

the evidence on your own, then it seems that you should. Your evidence will not directly 

involve tree rings, glacial retreat, ice cores, satellite measurements, etc. since you don't 

understand those topics. Rather, you must determine who is a reasonable authority on the 

issue and form your beliefs in accordance with their opinion.19 As a way of conceptualizing 

the point, consider the following simple model. Suppose that  

 the correctness of a expert's opinion is probabilistically independent of other 

experts, and  

 and the probability that expert i is correct about a proposition P is pi.  

Hence, the probability that expert i is wrong about P is (1 – pi). If the number of experts 

that agree with the proposition is n, then the probability that they are all correct is . 

Similarly, the probability that they are all wrong is . Hence, as n increases, the 

probability that they are all wrong gets smaller and smaller. It is unreasonable to think that 

each expert i judgment is independent of each other statistically speaking. Hence, more 

                                                                                                                                                                           
 
19 I should note that this point is not unique to the environmental sciences, far from it. For example, the 
epistemic justification for many of our beliefs depends on the reliability of authorities. For example, most of 
us could not prove the fundamental theorem of calculus which shows how the differentiation and integration 
are related. However, in our mathematical work, we presuppose that it is true and can be shown so. 
 



20 
 

realistically, we might make the model more complex by using the appropriate conditional 

probabilities or suppose that research groups are statistically independent of one another 

though individuals in those groups are not (the variable i now represents a token research 

group).20 Still, the points are these: first, if the majority of scientists accept (GW), then as 

that number grows the probability that they are wrong shrinks, and second, one should 

form their degree of belief in (GW) in accordance to this majority opinion.21  

The most reasonable method for doing this in a scientific context is to determine 

either a) who are the relevant peer-reviewed scientists who are competent with regard to 

(GW) or b) who are the scientific bodies composed of such individuals that offer summary 

statements about (GW)'s truth. The Intergovernmental Panel on Climate Change (IPCC) is 

just such an organization. The IPCC is one of the largest science-related projects ever 

created. It does not conduct research of its own; rather, it evaluates the work of scientists 

around the world and then synthesizes this work for policymakers in a report and a 

summary. There are three working groups. The first works on the physical science behind 

climate change. The second considers the impacts, adaption, and vulnerability due to 

climate change. The third group concerns mitigation or how we can reduce the climate 

change which is and will occur. Each IPCC assessment involves between 100 and 200 

researchers who are nominated by their own government or NGOs. There are two 

scientists in charge of each working group – one from a developed and one from a 

                                                      
20 If we consider two propositions P and Q such that they are probabilistically independent, then the 
probability of P and Q is Pr(P & Q) = Pr(P)  Pr(Q). However, if P and Q are probabilistically dependent – that 
is the chance that P is true is affected by whether Q is true – then Pr(P & Q) = Pr(P/Q)  Pr(Q). So, in this more 
complicated model, we are considering a research group i’s acceptance of P given some other group j where i 

 j acceptance of P and how that augments or diminishes their acceptance.  
 
21 For example, one might propose the following: one’s degree of belief p in a proposition in a proposition P 
should be the average value of the majority expert’s degree of belief in P.  
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developing country. These researchers produce draft reports which are then reviewed by 

several hundred expert reviewers. Finally, these documents are further examined by 

reviewers within each government and then accepted at the plenary meeting. It should also 

be noted that the IPCC is not the only the only organization who have stated that humans 

are having an effect on our climate through greenhouse gas emissions. The American 

Academy of Science, the American Meteorological Association, the American Geophysical 

Union, and the American Association for the Advancement of Science have issued similar 

statements.  

So, here is one way consensus matters – consensus is indirect evidence for a 

proposition's truth when you lack the relevant expertise. Scientific consensus – contrary to 

contrarians – does not threaten the process of science. Dissent is crucial for as we say 

“normal science”. Contrarians should continue their criticism and battle it out in peer 

reviewed journals (which they generally do not do). However, when it comes to non-expert 

opinion and specifically environmental policy, consensus matters a lot. This point simply 

pivots on drawing a distinction between what happens inside science and what happens 

outside of science as an institution. Thought they are often inextricably connected, they are 

conceptually distinct. 

IV. Conclusion. In this essay, I have considered three philosophical issues in the 

environmental sciences. First, we have considered the role of quantitative modeling in the 

environmental sciences and how scientists deal with idealizations and uncertainty. Second, 

we found that the environmental sciences have laden with moral values though there is 

reason to skeptical of the advocacy by scientists of those values. Third, it was argued that 
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consensus science is crucial when it comes to informing policymakers; however, this is 

completely consistent with the importance of dissent in scientific inquiry. 
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