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Summary
Spatial conservation planning approaches using return on investment are based on simplistic assumptions of fixed and freely distributable conservation funding. This study aims at revising these assumptions by exploring the causal relationships between philanthropic donations and investments in land
acquisition. In a case study, data from The Nature Conservancy will be analyzed. Establishing this linkage between the source of conservation funding and investments in conservation will contribute to
closing the gap between research and practice by connecting two fields in conservation science that
have previously only been treated separately.
The analysis of the case study was conducted in three steps: (1) reducing multiple external predictors
of philanthropic donations and investments in land acquisition to fewer underlying components, (2)
exploring the correlational structure between philanthropic donations and investments in land acquisition, and (3) estimating the causal relationship between philanthropic donations and investments in
land acquisition using linear regression with instrumental variables. The analysis was conducted at
state-level and county-level for 40 contiguous US states.
This study found, that investments in land acquisition have an increasing effect on philanthropic donations. Seemingly, this study is the first to find such effect. It was also found, that philanthropic donations have an increasing effect on investments in land acquisition. Overall, these findings suggest,
that currently held assumptions in spatial conservation planning of fixed and freely distributable conservation funding do not hold in practice. Instead, a two-way causal relationship between philanthropic donations and investments in land acquisition might exist. This has two important implications.
From a fundraising perspective, the findings suggest, that how and where investments in conservation
are made affects future philanthropic donations to conservation organizations. From a conservation
planning perspective, the findings suggest, that internal organizational structures or external social
conditions might affect the allocation of investments in conservation – in addition to biological, risk,
and cost factors currently considered. Future research should explore which mechanisms drive this
relationship, and how these mechanisms might be used to improve future cost-effectiveness of conservation spending.
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1. Introduction
1.1 Background
In recent decades global biodiversity has been declining at rates that exceed natural extinction rates
by a factor thousand. Despite global efforts to halt this human-caused extinctions, extinctions rates
do not seem decrease (Butchart et al. 2010; Pimm et al. 2014).
In order to halt this decline, and sufficiently protect species around the world, studies have suggested
that global spending on biodiversity protection needs to be raised substantially. While exact estimates
of required spending on biodiversity protection vary greatly, generally studies find, that current spending is far too low. For example, studies have found, that global spending on biodiversity protection
needs to be increased to an estimated total annual amount of US$12.0-US$300 billion (James, Gaston,
and Balmford 2001, 1999; McCarthy et al. 2012). McCarthy et (al. 2012) suggest, that current spending
on biodiversity would have to be increased by at least one order of magnitude to reach a level of
spending that prevent the continuing mass extinction of species.

1.2 Problem statement
In light of this substantial need for conservation funding, and current underfunding of conservation,
the importance of using available financial resources as effectively as possible has been emphasized
both in academia and in practice, and has led to the emergence of several different prioritization approaches in the context of conservation planning (e.g. Margules and Pressey (2000); Myers et al.
(2000)). Many governmental and non-governmental organization have chosen prioritization approaches for their conservation efforts based on biological criteria, such as species richness or level of
threat to biodiversity. For example, the international bird conservation organization BirdLife International identified global priority areas for bird conservation (Important Bird Areas – IBA) based on occurrences of globally threatened species, range-restricted, biome-restricted species, and bird congregations (BirdLife International 2014; Stattersfield et al. 1998). These biologically founded prioritization
approaches have been criticized for not taking socioeconomic factors, that are of importance to conservation work, into account (O’Connor, Marvier, and Kareiva 2003; Withey et al. 2012). In response,
a wide range of research has explored prioritization approaches that explicitly incorporate socioeconomic factors, such as land costs (e.g. Withey et al. (2012)), level of corruption (Eklund et al. 2011),
and local willingness to implement conservation policies (Ban et al. 2013), in order to achieve more
effective conservation outcomes.
Within this research agenda of prioritization approaches, one line of research has been focussed on
approaches that maximize conservation return on investment (ROI) to analyze how a maximum of
conservation benefits can be produced with limited conservation resources (Withey et al. 2012). ROI
prioritization approaches make use of optimization processes where specific conservation benefits
are maximized under specified restrictions (mostly restricted conservation funds). For example,
Murdoch et al. (2010) used the ROI approach to compute a network protection areas in Argentinian
grasslands, under the restrictions of a fixed budget. Spatial clumping of the protected areas and risk
of conversion were here used as conservation benefits (i.e. the more spatial clumping the better, and
the higher the risk of conversion of a land area, the higher the value for conservation). Tear et al.
(2014) created a rating of African regions, based on ROI, through the maximization of a biodiversity
score (calculated based on species occurrence, endemism, the degree of wilderness, and occurrence
of rare habitats), while minimizing management costs.
While prioritization approaches in conservation planning based on ROI commonly aim at maximizing
biological benefits under the restriction of limited monetary funds, a broader range of relevant factors
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can be included as either benefits or restrictions. Roughly speaking, any factor that is relevant to conservation can be included, as long as it is quantifiable. The flexibility in using various different conservation factors makes RIO approaches widely applicable for priority setting under varying conservation
criteria and restrictions, and at different spatial scales (Murdoch et al. 2007; Tear et al. 2014).
In general, research on ROI in nature conservation has focussed the conservation side (i.e. maximizing
conservation benefits, while the funding side (i.e. maximizing funding for conservation) has received
little attention.
On the conservation side research has shown, that priority areas for conservation based on ROI might
differ substantially from priority areas derived from approaches based only on biological criteria
(Larson et al. 2016; Withey et al. 2012). When only biological criteria are used in the prioritization
process, areas with the highest biodiversity are selected (i.e. prioritized) for protection. When land
costs are introduced (hence making it an ROI approach), relatively cheap land is prioritized, while expensive land is only prioritized if it has exceptionally high value for conservation (Murdoch et al. 2007).
On a global scale, this leads to the prioritization of spending conservation funds in low-income countries (Balmford et al. 2000), while nationally, priorities shift towards conservation of cheaper land
(Withey et al. 2012). Generally, including land cost in the prioritization process leads to more land and
species being protected, as compared to prioritization based only on biological criteria, under the
same restriction of funds.
Research on ROI incorporating a funding perspective in the context of nature conservation is still rare
compared to ROI for conservation benefits. One exemption is a theoretical study by Ando and Shah
(2010), who, based on the principle of “spatial value decay”, showed that including people’s willingness to pay (WTP) for conservation as a prioritization criteria, in a ROI context, results in a shift of
priority areas closer to human populations. By taking peoples spatial preferences into account in the
prioritization process, conservation funding could, therefore, be increased, and through this increased
funding, more land could be acquired for conservation.
The current predominant focus on the conservation side has led to the fact that, so far, ROI
prioritization studies are based on the simplistic assumption that conservation funds are fixed and
freely distributable across space. Examples hereof are Balmford et al. (2000); Larson et al. (2016);
Murdoch et al. (2010, 2007); and Withey et al. (2012). This assumption has two important implications.
First of all, the assumption implies that conservation funds are unaffected by where land is acquired
for conservation. Secondly, it is implied that land acquisitions can be made independent of the sources
of conservation funds (i.e. independent of where the money for conservation is raised). Whether this
assumption holds in practice is uncertain, however, and recent findings suggest that the assumption
of fixed and freely distributable conservation funds must be revised. For example, Larson et al. (2016)
found, that investments in land acquisition for conservation were locally followed by an increase in
fundraising activity and donations. They also found that donations made to nature conservation at
state-level in the US were a strong predictor for state-level investments in land acquisition. Fovargue
et al. (2018a, 2018b) suggested that land acquisitions for conservation and fundraising activities
should be considered as a joint optimization problem in an ROI context. They also note that the direction of causal effects between the conservation side and the funding side of conservation planning is
still unknown.
If, in fact, the assumption of fixed and freely distributable conservation funds does not hold, priority
setting based on ROI might not be feasible in practice, or might only badly reflect the challenges conservation planners face in practice. This might lead to a gap between the theory and practice of conservation planning that has been noticed by several researchers (Bennett et al. 2017; Knight et al.
2008, 2010). A better understanding of the relationship between the conservation side and funding
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side of conservation planning might, therefore, contribute to a better implementation of scientific
findings into practice.
A first step in revising the assumption of fixed and freely distributable conservation funds, currently
underlying ROI prioritization approaches in conservation planning, will be to gain insights into the
causal relations between conservation funding and investments in land acquisition for conservation.

1.3. Research objective and research questions
Through a case study, this study will explore the causal relationship between conservation funding
and investments in land acquisition. The case study will be based on analyzing philanthropic donations
made to The Nature Conservancy (TNC), and investments in land acquisition made by TNC, for a fiveyear period (2009-2014). Data at state- and county-level will be analyzed for 40 contiguous US states.
The study aims at advancing current research and practice of conservation planning based on ROI
prioritization approaches by revising currently held assumptions, hereby moving theoretical
prioritization approaches toward better reflecting the practical reality of conservation planning. To do
so, the following research question will be answered:
 What is the causal relationship between investments in land acquisition for conservation
and philanthropic donations to conservation?
The objective of answering this question will be to establish whether such a causal relationship is, in
fact, present and if so, quantify this relation. Establishing this linkage between the source of conservation funding and investments in conservation will contribute to closing the gap between research
and practice by connecting two fields in conservation science that have previously only been treated
separately.
One central question to explore within this relationship is whether investments in land acquisition
cause changes philanthropic donations received, or whether receiving philanthropic donations causes
changes in conservation investments. Shedding light on this question is especially relevant from the
perspective of private land-based conservation organizations, as these are financially dependent on
receiving donations and still use land acquisition as an important conservation strategy (Armsworth
et al. 2006; Fovargue et al. 2018b; Groves and Game 2016). In the process of answering the main
research question, several other questions should be addressed:
o To what extent do investments in land acquisition for conservation lead to changes philanthropic donations received?
o To what extent are investments in land acquisition for conservation dependent on philanthropic donations received?
o How is the relationship between investments in land acquisition and donation mediated
and/or influenced by other relevant factors, such as fundraising activities or biological, land
cost, risk, and socioeconomic factors?
o How do these relationships vary when explored at different spatial scales?
As restricted financial resources remain a major challenge for nature conservation worldwide, conservation organizations must persist in improving the effective use of conservation funds. Ultimately, this
research should contribute to improving the effectiveness of conservation investments.
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2. Theoretical Framework
The theoretical framework for this study will be based on the assumption that the conservation side
and the funding side of conservation planning are indeed causally related. This basic assumption is
depicted in figure 1. In the case study that will be analyzed – and that will be presented thoroughly in
a later section – the conservation side will consist of TNC investments in land acquisition for conservation, while the funding side will consist of TNC revenue from philanthropic donations. In other
words, it is in this study assumed, that investments in land acquisition for conservation lead to changes
donations received and that investments in land acquisition depend on donations received. Building
on this assumption, the following sections of the theoretical framework will explore ways and mechanisms through which the funding side, in the form of philanthropic donations, and the conservation
side, in the form of investments in land acquisition, could indeed be causally related.

Causal relations
Funding side

Philanthropic
donations

Conservation side

Land
acquisition

Figure 1. Basic assumption of theoretical framework: the funding side and conservation side of conservation planning
are causally related. In this study the funding will be represented by revenue from philanthropic donations, while the
conservation side is represented by investments in land acquisition.

2.1 Philanthropy (the funding side)
In this study, philanthropic donations are explored the funding source for conservation. The following sections explore the motivations, mechanisms, and predictors of philanthropy, and how philanthropic donations might be causally linked to the conservation side1.

2.1.1 Philanthropy defined
Philanthropy plays an important role in financing the work of non-profit organizations. In the US alone,
non-profit organizations received around US$390 billion in philanthropic donations in 2016, of which
US$281 billion was given by individuals (Games 2015). Most of the contributions were made to support religious organizations or educational organizations (around 50% of the total contributions). Environmental organizations received US$11 billion in philanthropic contributions. The Nature Conservancy, on which this study is based, received around US$ 578 million in philanthropic contributions in
2016, which makes up 70% of its total revenues (The Nature Conservancy 2016).

1

It should be noted that a multitude of funding sources for conservation exist (Waldron et al. 2013). The following explores philanthropy specifically. Relations between the funding and conservation side might take
other forms for other funding sources.
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In the literature on philanthropy, philanthropy (and philanthropic donations) is sometimes distinguished from charity (and charitable donations). Philanthropy in its literal sense can be translated to
the “love for mankind”, and in its actual sense philanthropy can be described as “an objective act, such
as giving of money, time, or effort, to a charitable cause or public purpose“ (Sulek (2010) both pp. 204).
By some, philanthropy is distinguished from charity in its aim to relieve the cause of a human problem,
while charity merely aims at relieving the symptoms (Dietlin 2010). However, often (if not mostly),
philanthropy and charity (and hence philanthropic donations and charitable donations) are used
interchangeably (for numerous examples where the two concepts are used interchangeable see Sulek
(2010)). In many cases, organizations will do work that is both philanthropic and charitable, as they
take actions that deliver immediate relieve of a problem, while also taking actions that address the
underlying causes. In practice, distinguishing between philanthropy and charity is therefore not always
feasible (Anheier and Daly 2004).
In this study, following Bekkers and Wiepking (2011b), philanthropic donations will be defined as “the
donation to an organization that benefits others beyond one’s own family” (pp. 925). This definition is
used, as it is broad in its scope and does not distinguish between philanthropic and charitable giving.
Philanthropic and charitable donations (or charitable giving) will be used interchangeably, and the
theoretical framework will draw on knowledge from studies using both these expressions.

2.1.1 Motivations of philanthropic donations
The motivations behind making philanthropic donations have puzzled many researchers. Donating
money, time, or other resources to causes from which oneself would not directly benefit, contradict
(economic) models of human behavior, where individuals act out of pure self-interest (Amos 1982).
These models predicted, that voluntary giving to a public good should be rare, as the incentives of
“free riding” (i.e. using a public good without contributing to it) would be too great (Monnet and
Panizza 2017). However, people seem to engage in philanthropic behavior much more often than such
models would predict.
Early research into the ”why” of charitable giving was strongly focussed on exploring how self-interest
of individuals could be linked to “pro-social behavior” such as philanthropy. It was found that individuals engage in pro-social behavior if they in return expected direct benefits (Amos 1982; Frisch and
Gerrard 1981). In other words, individuals would make philanthropic donations to a cause or
organization if they themselves expected to benefit from the services provided by this cause or
organization. For example, an individual would donate money to a church that it would expect to
attend itself. Later this perspective of self-interest was expanded to include factors such as social desirability and familiarity (Holmes, Miller, and Lerner 2002; Ye et al. 2015). Collectively, this line of literature suggests, that the philanthropic behavior of an individual depends on whether giving leads to
direct benefits to the donor, improves the social desirability of the donor (i.e. makes the donor more
attractive as a life or business partner), or directly benefits people close to the donor (such as family,
friends, or local communities).
Andreoni (1989) in an influential paper on “Impure Altruism” described, that individuals engage in
philanthropic behavior due the psychological benefits they gain from giving. This motivation philanthropic behavior was named “warm glow”, and essentially states that people give because it makes
them feels good (Andreoni 1990; Monnet and Panizza 2017). Neural research has demonstrated that
philanthropic behavior does indeed activate reward centers in the human brain (Harbaugh, Mayr, and
Burghart 2007).
Finally, some individual might engage in philanthropy simply because they want to do good (Bekkers
and Wiepking 2011a).
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2.1.2 Mechanisms of philanthropic donations
Today, individuals daily encounter opportunities to make philanthropic donations. It is, therefore, necessary to explore when individuals contribute to philanthropy. Bekkers and Wiepking (2011a) in a literature review empirical studies of philanthropy identified eight mechanisms influencing philanthropic giving: (1) awareness of need, (2) solicitation, (3) costs and benefits, (4) altruism, (5) reputation, (6) psychological benefits, (7) values, and (8) efficacy. This section will address the “when” of
philanthropic behavior.
Any form of charitable giving requires that potential donors are aware of the need for donations to a
specific cause. Creating awareness for a cause is usually in the hand of beneficiaries and organizations.
Without awareness for need, potential donors will not be able to know that their donations are
needed (Bekkers and Wiepking 2011a).
Solicitation might be the mechanism that has been most thoroughly explored in existing literature.
Essentially it has been shown, that solicitation greatly impacts the probability and size of donations,
and that philanthropic donations are rare without solicitation (Andreoni, Rao, and Trachtman 2017;
Dellavigna, List, and Malmendier 2012). People are much more likely to make philanthropic donations
when they are directly asked to do so. Due to the great importance of solicitation for philanthropic
donations, philanthropic organizations put great efforts and resources into soliciting donations
through fundraising activities. However, the relationship between solicitation and philanthropy is nonlinear in the sense that increasing fundraising effort (e.g. asking for donations more often) initially
increases donations, but eventually leads to “donor fatigue” (and decreasing donations) if people are
asked for donations too often, or by too many different organisations (Sgalitzer et al. 2016). Also,
donors dislike it when too many resources of a charity are spent on fundraising activities (James 2017;
Sargeant 1999).
The mechanism of costs and benefits is strongly related to the self-interest motivation that might underlie philanthropic behavior. Based on self-interest, individuals will make philanthropic donations to
an organization when they expect to benefit from the services of the organization (or expect their
family, friends, or local community to benefit) (Amos 1982; Holmes et al. 2002; Ye et al. 2015). In
relation to benefiting from making a donation, James (2017) in his framework for philanthropy argues
that conditional and unconditional reciprocity plays an important role. For instance, it has been shown
that people are more likely to make donations to conservation if they receive a small gift before they
are asked to donate, even if this gift is unconditional (Alpizar, Carlsson, and Johansson-Stenman 2008).
Also, individuals are more like to make philanthropic donations when donating comes at a low cost
(Bekkers and Wiepking 2011a). If, for example, philanthropic donations can be tax deducted, individuals tend to make more, and larger donations (Monnet and Panizza 2017).
The mechanism of altruism suggests that individuals make philanthropic donations to a cause simply
because they care about the output, without benefiting from the cause personally in any direct way
(Bekkers and Wiepking 2011a).
Making philanthropic donations is generally seen positively and donating hence reflects positively on
one’s reputation. Studies have found, that individuals are more likely to make donations, and make
larger donations when their donations are announced publically (Alpizar et al. 2008; Barclay 2004;
Bereczkei, Birkas, and Kerekes 2007).
As already mentioned in the previous section, people donate because it makes them feel good. As an
extension of this motivation, individuals seem to be more likely to donate when a donation can make
them feel better about themselves (Andreoni 1990). For example, individuals might make a philanthropic donation when it can give them a feeling relieving guilt, or when it can maintain or improve
their self-image (Bekkers and Wiepking 2011a; Piferi, Jobe, and Jones 2006).
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Several other intrinsic factors influence philanthropic behaviors, such as personal values, attitudes,
and sympathy for the cause of a charity (Bekkers and Wiepking 2011a; Sargeant 1999; Smith 2007).
From this perspective, it is argued, that individuals are more likely to make philanthropic donations
when their personal values and attitudes match those of an organization.
In general, it seems that potential donors find it important to know exactly how their donations are
being used, and what impact they will have (James 2017; Sgalitzer et al. 2016). Potential donors want
to know that their donations are used effectively, and has an impact (Bekkers and Wiepking 2011a).
The more tangible the impact of donations are, the more likely potential donors are to make philanthropic contributions. This perspective of “efficacy” might relate to several of the motivations and
mechanisms for philanthropic behavior described above. Firstly, from the perspective of self-interest,
donors might want to know how exactly they will benefit personally. Also, philanthropic organizations
of larger impact (or of better “quality”) tend to have a stronger social signaling value (Butera and Horn
2014). Donating to organizations with larger and more tangible impacts might, therefore, leads to
increased social desirability of an individual. Furthermore, it has been found that trust in an essential
prerequisite for any form of giving behavior (Sargeant, Ford, and West 2006). Especially in the context
of philanthropy, trust is essential, as the donor often does not benefit from the donation personally,
and outcomes of philanthropic work are often rather intangible. Trusting that an organization will put
one’s money into good use, therefore, increases the probability of donations being made. Building
trust hereby also depends on whether donations are perceived to be effective.

2.1.3 Socioeconomic predictors
While research on motivations and mechanisms of philanthropic behavior is focussed on understanding the drivers behind donating behavior of individuals, socioeconomic data has been used to predict
the probability and size of donation on a population level. Socioeconomic predictors of philanthropic
behavior have especially been used in the context of fundraising, to identify areas (or populations)
where fundraising activities might lead to the largest return (Rooney 1999; Steinberg 1994). Socioeconomic predictors, such as age, income, and educational level have been used broadly to predict philanthropic donations (Lindahl and Conley 2002; Lindahl and Winship 1992).
In a two-parted review Bekkers and Wiepking (2011b) and Wiepking and Bekkers (2012) review seven
(most common) groups of socioeconomic predictors of philanthropic donations: (1) religion, (2) education, (3) age, (4) socialization, (5) gender, (6) family composition, and (7) income.
Research on religious predictors has shown, that religious people generally are more likely to make
donations, and also tend to give larger donations (Bekkers 2003; Bekkers and Wiepking 2011b; Lyons
and Nivison-Smith 2006). This seems to be true across different religions and confessions. However,
some findings suggest that this is only true when examining philanthropic donations of religious people to religious causes. For secular causes – such as nature conservation – the findings are mixed, and
religious people have been found to give more, less, or equal amounts of donations as compared to
non-religious people (Bekkers and Wiepking 2011b).
Educational level has been found to be related to philanthropic behavior. With a higher level of education, people tend to give more to philanthropy (and also a larger proportion of income). This effect
seems to go beyond the correlation between educational level and income (Bekkers and Wiepking
2011b). Again, this relation varies depending on the cause of a philanthropic organization. For environmental philanthropy, the relationship between educational level and donations has been found to
be positive (Srnka, Grohs, and Eckler 2003). This might partly be due to the fact that people with higher
educational background generally hold stronger pro-environmental values. Also, higher educated people might be more aware of the need for philanthropy.
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The relation between philanthropic donations and age has also been found to be positive. However,
this might be due to the correlation between age and other socioeconomic predictors, such as income.
Parental philanthropic behavior, educational level, and other characteristics relevant to the socialization of children have also been found to be related to philanthropic donations (Bekkers and Wiepking
2011b).
Findings on the relationship between gender and philanthropy have been mixed (Greenspan, Handy,
and Katz-Gerro 2012). For one, women have been found to donate more often to philanthropy, while
men tend to make larger donations. Men also seem to contribute more often nature causes (Wiepking
and Bekkers 2012).
Family composition is another group of socioeconomic predictors where results have been mixed. For
example, married individuals have been found to donate more to philanthropy. However, this effect
might be due to a correlation with income (married couples generally have larger expendable incomes). Also having children relates positively to philanthropic donations. The number of children per
family, however, was found to be correlated with being religious, and family size might therefore
merely proxy religious factors as a socioeconomic predictor (Wiepking and Bekkers 2012).
Finally, there is strong evidence of a positive relationship between income and philanthropic behavior,
where higher income is associated with higher levels of philanthropic giving. It has also been shown
that being able to deduce donations form tax leads to more philanthropic donations (Boskin and
Feldstein 1977; Monnet and Panizza 2017; Wiepking and Bekkers 2012).
The reviews of Bekkers and Wiepking (2011b) and Wiepking and Bekkers (2012) show, that socioeconomic predictors can indeed be used to predict philanthropic donations, both of individuals and entire
populations. However, their findings also make it clear, that the relation between a specific socioeconomic predictor and philanthropic behavior often varies with the cause of a philanthropic
organization. In the context of conservation philanthropy, Fovargue et al. (2018a, 2018b) found that
specifically income, population density, educational level, and the number of dependents per family
are good predictors for the size of philanthropic donations on a ZIP-code level.

2.1.4 Connecting investments in land acquisition to philanthropic donations
Based on the previous sections, this section aims at exploring some possible links through which philanthropic donations might be influenced by investments in land acquisition.
Acquiring land for conservation and establishing protected areas (and consequently protecting species) can be seen as the main output of (some) conservation philanthropies. The establishment of a
protected area might raise awareness for the threatened species or ecosystems that live within this
area – hence raising the awareness for the need of donations. It might also raise the awareness about
the conservation organization itself. This awareness might consequently lead to an increase in philanthropic donations.
If a potential donor benefits personally from land acquisitions, or if people close to the donor benefit,
conservation investments might increase the chance of this donor making a charitable contribution to
the conservation organization.
Conservation investments could also be seen as an unconditional gift made by a conservation
organization to the general public. Through reciprocal processes investments in land acquisition
might, therefore, trigger increases in donations.
Acquiring land for conservation might make the impact of a conservation organization more tangible
for potential donors, as protected areas are physical areas with clearly defined boundaries. Land acquisitions for donation might, therefore, show potential donors how their donations will be put to
use. By making conservation outputs more tangible, potential donors might get a better impression
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of the efficacy of making a donation. Similarly, acquiring land for conservation might demonstrate the
quality of a conservation organization, hereby again increasing the potential for donations.
Solicitation is especially relevant in the context of conservation land acquisition, as it has been shown
land acquisitions for conservation are often followed by increased fundraising efforts in areas near the
acquired land (Larson et al. 2016). Investments in land acquisition might drive an increase in fundraising activities, due to a need to refinance investments made, hereby increasing donations.
There seems to be no direct causal link of investments in land acquisition to philanthropic donations
through socioeconomic predictors, as investments in land acquisition are unlikely to substantially influence the socioeconomic characteristics of a population. Socioeconomic predictors should, therefore, be seen as external predictors of philanthropic donations.
Figure 2 shows possible relations between philanthropic donations, investments in land acquisition,
and socioeconomic predictors.

Causal relations
Mechanisms of philanthropy
•

Raise awareness of need

•

Increase individual benefits

•

Make impact of donation
tangible

•

Trigger reciprocal behaviour

•

Increase solicitation through
need to refinance

Funding side
External predictors
•

Socioeconomic

Conservation side

Philanthropic
donations

Land
acquisition

Figure 2. The funding side: philanthropic donations might be causally affected by investments in land acquisition through
mechanisms of philanthropy. Several possible links through which land acquisitions might affect philanthropic donations
are listed (bullet points). These links relate to the mechanisms of awareness of need, costs and benefits, efficacy, and
solicitation. While not all possible links might be described, it should be clear, that it is indeed plausible, that land acquisitions influence philanthropic donations. Socioeconomic predictors can be used to predict philanthropic donations.
Motivations of philanthropy are not depicted explicitly, but can be assumed to underlie philanthropic behaviour.

2.2 Conservation planning and prioritization (the conservation side)
A vast body of scientific literature has been produced on the planning of conservation projects and
effective use of conservation resources. Parts of this literature concerns the spatial planning and distribution of investments in land acquisition for conservation (Groves and Game 2016). Other parts
concern the effective management of protected areas. The spatial distribution of conservation investments will be the focus of this section. The process of spatial prioritization of conservation investments
will in this study be called “spatial conservation planning”.
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2.2.1 Biological and risk predictors
Throughout history people have set aside natural areas for a variety of different reason, including
religious convictions, to protect beautiful sceneries, or to maintain valuable ecological production
functions (Margules and Pressey 2000). In an effort to protect as much biodiversity as possible with
limited conservation resources, conservation organizations have used spatial conservation planning
approaches to identify priority areas for conservation. Many spatial conservation planning approaches
make use of biological and risk criteria to determine which areas should be prioritized. Most commonly characteristics such as species richness, or degree of wilderness are used as biological prioritization criteria, the risk of land conversion or endangered species occurrence have been used as risk
prioritization criteria (Groves and Game 2016). Essentially, conservation planning using only biological
and risk criteria aims at producing as many conservation benefits (such as species protected) per ha
of land protected as possible.
In models for spatial conservation planning, biological and risk criteria are generally positively related
to the conservation priority of an area. For example, higher species richness and occurrence of endangered species could lead to a higher priority status – and should, therefore, have a higher propensity
for receiving conservation investments. Similarly, when predicting the spatial distribution of investments in land acquisition for conservation, land acquisitions should be expected to be made in areas
with relatively high species occurrence, high occurrence (or proportion) of endangered species, as well
as areas that are at high risk of land conversion (Withey et al. 2012).

2.2.2 Land cost predictors
In addition to using biological and risk criteria for priority setting – and in light of restricted conservation funds - the concept of costs has been introduced into spatial conservation planning (Balmford et
al. 2000). In the context of spatial prioritization, costs of conservation consist foremost of land acquisition costs. Conservation approaches that include land cost criteria in their prioritization have hence
focussed on identifying areas in which most (endangered) species or habitats can be protected for the
lowest cost possible – i.e. where the return on investment (ROI), in terms of conservation benefits, is
maximized. These conservation planning approaches therefore essentially aim at producing as many
conservation benefits per dollar spent on conservation as possible (Murdoch et al. 2007; Withey et al.
2012).
This study will make use of data on conservation investments made by The Nature Conservancy (TNC)
across the United States. To prioritize areas for conservation TNC makes use of “ecoregional portfolios”, in which areas for conservation are prioritized based on specific conservation targets. These
conservation targets aim at protecting ecological systems and endangered species at different spatial
scales. Conservation priority areas within ecoregional portfolios, therefore, represent areas that - if
protected - would offer adequate and representative protection of biodiversity in the US (Groves et
al. 2000). Recently, TNC has increasingly taken ROI into account in its ecoregional assessments.
The Nature Conservancy makes use of elements from both biological, risk, and land cost criteria in
their prioritization approaches. It is therefore expected that a substantial amount of the variation in
the spatial distribution of investments in land acquisition made by TNC can be explained using biological, risk, and land cost predictors.

2.2.3 Institutional and organizational mechanisms
While there seems to be a consensus amongst researchers of spatial conservation planning, that biological, risk, and land cost criteria should be part of prioritizing land for conservation, studies have
shown that these criteria alone only explain parts of the distributional variation of investments in land
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acquisition (Fisher and Dills 2012; Larson et al. 2015). Also, it has been criticized, that prioritization
approaches based solely on biological, risk and cost criteria fail to account for the broader social context in which conservation work is embedded (Cowling and Wilhelm-Rechmann 2007; Knight et al.
2008, 2010). However, little research has been published about to which extent social context can, in
fact, explain the spatial distribution of investments in land acquisition for conservation.
Based on a case study of land acquisitions by The Nature Conservancy in the US, Larson et al. (2016)
found that investments in land acquisition seem to be constrained by state boundaries. They attribute
this to the fact TNC is organized into state chapter, and these might be inflexible in transferring funds
to another state, even if doing so would improve conservation outcomes.
Not much literature has been written on institutional and organizational mechanisms of spatial distribution of investments in land acquisition. Instead, a look at broader literature might give relevant
insights. In the context of nature conservation, it has been shown, that conservation priorities often
differ across administrative boundaries, even if conservation organizations operate under the same
common framework (Opermanis et al. 2012, 2013). From a sociological perspective, administrative
borders and boundaries can lead to spatial differentiation in social practice (van Houtum and van
Naerssen 2002). This process builds the local identity of an organization and might hereby lead to selfpreference in the context of resource allocation (van Houtum and van Naerssen 2002; Santos and
Eisenhardt 2005). If given the choice, local conservation chapters might, therefore, prefer to spend
money raised on local conservation investments, instead of leading these funds on to other chapters
(even if this would be more effective from a conservation perspective).
Furthermore, conservation organizations in general aim at protecting nature as a public good and
might, therefore, be seen as a form of public organizations. Policy processes and resource allocation
in public administrations are often analyzed using “public choice theory”. In public choice theory, public servants are assumed to be self-interested rent-seeker that pursue the maximization of relative
personal advantage in a set of given opportunities. Accordingly, public servants are therefore interested in maximizing factors such as power, prestige, or job security (Ostrom and Ostrom 1971). This
also leads servants to seek to capture local interests, rather than interests of the broader (distant)
public (Blumm 1994). Again, this self-interest might lead conservation managers to prefer investing
funds locally, instead of transferring them to other chapters or organizations.
Finally, the aggregation of conservation investments in areas with many donations might also be a
case of “institutional mental accounting”, where received donations are implicitly expected to be
spent locally, even though a redistribution might be more cost-effective2 (Thaler 2008, 1999).

2.2.4 Connecting philanthropic donations to investments in land acquisition
Based on the previous sections, this section aims highlighting possible links through which philanthropic donations might affect investments in land acquisition.
As mentioned, research linking philanthropic donations investments in land acquisition for conservation is rare. However, Larson et al. (2016) offer strong indications that such causals relation might exist
through institutional and organizational mechanisms: when donations are made to local organizations
or local chapters of national or international organizations, funds from these donations will tend to be
spent locally, even if a redistribution of these funds to other organizations or chapters would be possible. Hereby philanthropic donations might lead to a local increase in land acquisition. This relation
2

“Mental accounting” is a concept from behavioural economics that describes how perceptions and expectations of expenditures (i.e. expectations of how, where, and on what money should be spend) causes individuals or organisations to deviate from value-maximizing behaviour (Thaler 2008, 1999).
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could be driven by a self-preference of local organizations or local conservation managers, due to a
strong local identity or self-interest. It could also be driven by a form of “mental accounting” where
donations are expected to be spent locally.
A causal link of philanthropic donations to investments in land acquisition through biological, risk, or
land cost predictors seems implausible, as philanthropic donations will not directly influence factors
such as species occurrence, endangered species occurrence, the risk of land conversion, or land costs.
Biological, risk and land cost predictors should, therefore, be seen as external predictors of investments in land acquisition.
Figure 3 shows relations between investments in land acquisition, philanthropic donations, and biological, risk, and land cost predictors.

Causal relations
Funding side
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mechanisms
•

Self-preference due to local
identity

•

Self-preference due to selfinterest

•

Expaction that donations are
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•
•
•
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Figure 3. The conservation side: investments in land acquisition might be causally affected by philanthropic donations
through organizational and institutional mechanisms. Several possible links through which philanthropic donations
might affect land acquisitions are listed (bullet points). While not all possible links might be described, it should be clear,
that it is indeed plausible, that philanthropic donations affect investments in land acquisition. Biological, risk, and land
cost predictors can be used as external predictors of investments in land acquisition.

2.3 Analytical framework
The previous sections have discussed several ways through which philanthropic donations to conservation and investments in land acquisition for conservation could be causally related. This section
merges and summarizes the possible causal links found in section 2.1 and 2.2.
Philanthropic donations can be predicted by external socioeconomic predictors. As described in section 2.1.3, predictors related to religion, education, age, socialization, gender, family composition, and
income have been used as socioeconomic predictors for philanthropic donations. Fovargue et al.
(2018a, 2018b) found predictors related income, population density, poverty, education, family size
to be significant predictors of philanthropic donations to conservation organizations.
Investments in land acquisition might influence philanthropic donations by interacting with the mechanisms of philanthropy (section 2.1.2). Investments in land acquisition might raise awareness for the
need for donations. It might also affect individual benefits derived from conservation and increase the
social signaling value of making a donation. Investments in land acquisition might also make the impact of philanthropic donations more tangible and trigger reciprocal behavior.
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Philanthropic donations are unlikely to be made without solicitation. Investments in land acquisition
might lead to a need to refinance conservation expenditures. Investments in land acquisition might,
therefore, increase philanthropic donations through increased solicitation.
There is a broad consensus that conservation funds should be used effectively. In the context of spatial
conservation planning, biological, risk, and land cost criteria have been used to set priorities for the
distribution of investments in land acquisition (section 2.2.1, and 2.2.2). However, biological, risk, and
land cost predictors only partly predict the distribution of investments in land acquisition.
Through institutional and organizational mechanisms philanthropic donations might affect the distribution of conservation investments. Self-preference of local conservation organizations or chapters,
based on local identify or self-interest, or the expectation that philanthropic donations will be spent
locally might lead to an aggregation of investments in land acquisition for conservation in an area
where philanthropic donations were made (section 2.2.3).
Based on the previous sections of this theoretical framework, it can, therefore, be concluded several
plausible causal relations between philanthropic donations and investments in land acquisition might
be present. The analytical framework for later quantitative analysis is depicted in figure 4 (the figure
is the result of merging figure 2 and 3). It can now be tested whether these causal relations do in fact
exist, and if so, the causal relations can be quantified.
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Figure 4. Analytical framework: philanthropic donations and investments in land acquisition might be causally related through
several different mechanisms. Both sides can be predicted by a set of external predictors.
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3. Methodology
3.1 Research approach
The main objective of this study is to make causal inferences on the relationship between philanthropic donations and investments in land acquisition for conservation. This objective poses two
methodological challenges. Firstly, data on philanthropic donations to conservation organizations is
rarely publicly accessible at a resolution that enables detailed (statistical) analyses. For many conservation organizations, donations are a main source of income, and keeping the exact location or identity of donors secret is therefore essential in order to prevent fundraising competition from other
organizations. Secondly, different conservation organizations might operate under different organizational structures, conservation strategies, or socioeconomic conditions. These differences between
philanthropies might also influence the causal relationship between philanthropic donations and investments in land acquisition. A joint analysis across several conservation organizations might, therefore, make it difficult to elicit causal inferences, due to these inter-organizational differences. To address these two challenges, a case study approach of a single conservation organization was chosen.
The case study allows for an in-depth exploration of the causal relationships between philanthropic
donations and investments in land acquisition for one specific conservation organization. Finding evidence of such a relationship based on a case study would also give a strong indication that further
research, under different organizational conditions, might offer valuable insights. The selected case
study is described in detail in section 3.1.1.
In many fields of research, causal effects are explored through randomized controlled experiments,
where parameters of interest are manipulated, while all other parameters are kept constant. In social
sciences and economic research, however, randomized experiments are often not feasible due to ethical or practical reasons. In the context of this study, a randomized experiment would require randomized land acquisitions, as well as a randomized distribution of donations. From a financial perspective
alone, such an experiment are not feasible. Economists have developed a wide range of statistical
methods to explore causal relations under conditions where randomized experiments are not possible. The causal relationship explored in this study might be a two-way relationship, as it is assumed
that philanthropic donations might have an effect on investments in land acquisitions, while land acquisitions might also influence philanthropic donations (see section 2). In economic research, the
method of regression analysis with instrumental variables has been developed to estimate one-way
causal effects in a two-way causal relationship. To do so, the method makes use of the broader socioeconomic and ecological context (represented by instrumental variables) under which the two-way
causal relationship of interest takes place. The statistical implications and challenges of such two-way
causal effects, and how these challenges can be solved using regression analyses with instrumental
variables, will be discussed in detail in section 3.1.1. Due to its ability to estimate the causal effect in
a two-way causal relationship, regression analysis with instrumental variables will be used in this study
to explore the causal relationship between philanthropic donations and investments in land acquisition.

3.1.1 Case study
This study will focus on a quantitative analysis of patterns between philanthropic donations made to
The Nature Conservancy (TNC), and investments in land acquisition made by TNC. The study will be
based on data of mid-tier donations of between US$1000 – US$100,000 per donor made to TNC, and
land acquired by TNC in the five-year period 2009-2014, in the 48 contiguous US states (i.e. all US
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states excluding Alaska and Hawaii). As mentioned, empirical data on philanthropic donations (to conservation organizations) and conservation investments are rarely publicly accessible at a resolution
that allows for detailed analysis. The main reason to choose TNC for the case study was simply that
the organization granted access to its internal revenue and investment data. It was chosen to analyze
data after the global financial crisis in 2008 in order to ensure relatively stable macroeconomic conditions3. The Nature Conservancy did not grant access to data after 2014.
The Nature Conservancy is a private US-based land trust which aims at conserving “the lands and waters on which life all life depends” (The Nature Conservancy 2016). Recently, TNC received more than
US$500 million in annual contributions from donations (2016), while spending around $450 million on
conservation activities and actions (The Nature Conservancy 2016). This makes TNC the largest conservation organization in the US (Armsworth et al. 2012), and also places the organization among the
largest environmental organizations worldwide. In the US, TNC owns around 2 million acres of land
(approximately 0.8 million ha) for conservation (The Nature Conservancy 2018). The case study
thereby allows insights into a major conservation organization that is responsible for a substantial
proportion of national spending on conservation in the US. The Nature Conservancy might, therefore,
be representative for other conservation organization that acquire and manage land for conservation,
and that finance themselves through donations.
In the US, TNC is organized into local state chapters. These chapters enjoy a high degree of autonomy
in setting local conservation priorities, while the national organization is responsible for the (re-)distribution of funds through loans and grants. This semi-autonomous organizational structure allows
this study to draw conclusions that are relevant in a broader conservation context, where multiple
independent conservation organizations, with similar organizational goals, coexist and interact.
Land acquisition for conservation purposes is historically a widespread and common conservation
strategy worldwide (Groves and Game 2016). Recent conservation initiatives have called for even
more land to be set aside for conservation globally (e.g. the Half-Earth Project, (half-earthproject.org
2018)). Insights into donating and investment patterns of land acquisition are therefore both of historical and future relevance.
However, the case study analyzed comes with some restrictions. To maintain sufficient anonymity of
donors, the largest donations (above US$100,000) could not be included in this study 4. Also, TNC does
not specifically target small donors for fundraising activities and therefore does not keep detailed records on donations under US$1000. While especially large donations are important contributions to
conservation, the mid-tier donations analyzed still allow to draw conclusions that are relevant for a
large part of contributions made to both TNC and other conservation organizations.
For organizations that use conservation strategies with less emphasis on land acquisition, other research approaches might offer more valuable insights.

3

Economic turmoil might affect both the donating behaviour of donors and the investment behaviour of conservation organizations. Analysing data from a financial crisis year might therefore not represent donating and
investment dynamics during non-crisis years very well.
4
Large donations are relatively rare and donors might therefore be more easily personally identifiable when
the data is analysed at finer spatial scales. The Nature Conservancy did therefore not offer access to donations
above US$100,000.
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3.1.2 Quantitative analysis: Introducing linear regression with instrumental variables
The case study will be analyzed using quantitative methods, as the data provided by the TNC are of a
quantitative nature. As mentioned, the main objective of this study is to make causal inferences on
the relationship between philanthropic donations and investments in land acquisition for conservation. This will be done with linear regression analyses with instrumental variables.
Linear regression using Ordinary Least Squares (OLS) is the most common method for estimating the
unknown parameters of a linear regression model in economic research. The parameters of the explanatory variables are chosen such that the sum of squares of the differences between the observed
dependent variable in a dataset, and the predicted values of the dependent variable are minimized
(Dougherty 2016; Field 2013). In its simplest form5, a linear regression model can be written as:
(a)

𝑌𝑖 = 𝛽0 + 𝛽1 ∗ 𝑋𝑖 + 𝜀𝑌

Where 𝑌𝑖 is the dependent variable, 𝑋𝑖 is the explanatory variable, 𝛽 are the linear parameters, and
𝜀𝑌 is the random error term with an expected (i.e. mean) value of 0.
If the observations in the dataset are independent (i.e. explanatory variables are exogenous, and no
auto-correlation is present), the variance of the dependent variable is constant across different values
of the explanatory variables (i.e. the variance is homoscedastic), and the error term is normally distributed, then OLS offers consistent, unbiased, and efficient parameter estimations.
In the context of this study, especially the assumption of independence is important. In some cases,
an explanatory variable might be related to a dependent variable in other ways than through a oneway linear effect. For example, the dependent variable might also have a “reverse” effect on the explanatory variables (i.e. a two-way causal effect exists between the variables). In such cases, the explanatory variable in a linear regression will be correlated with the error term of the regression, and
the variable is said to be endogenous (Dougherty 2016). Explanatory variables can be endogenous due
to several reasons, including simultaneity (i.e. two-way or reverse causal effects, as mentioned), omitted variables that affect both the dependent and the explanatory variables, or measurement errors.
In the theoretical framework of this study, it can be seen that two-way causal effects are expected to
occur between philanthropic donations and investments in land acquisitions. When using a linear regression model to explore these effects, endogenous explanatory variables will therefore occur, due
to simultaneity.
Assuming simultaneity between 𝑌𝑖 and 𝑋𝑖 in the regression model of equation (a), the model can be
written in two ways:
(b)
(c)

𝑌𝑖 = 𝛽0 + 𝛽1 ∗ 𝑋𝑖 + 𝜀𝑌
𝑋𝑖 = 𝛼0 + 𝛼1 ∗ 𝑌𝑖 + 𝜀𝑋

It is now easy to show that the explanatory variable is related to the error term in equation b):
(d)

𝑋𝑖 = 𝛼0 + 𝛼1 ∗ 𝑌𝑖 + 𝜀𝑋

⇔ 𝑋𝑖 = 𝛼0 + 𝛼1 ∗ (𝛽0 + 𝛽1 ∗ 𝑋𝑖 + 𝜀𝑌 ) + 𝜀𝑋 = 𝛼0 + 𝛼1 𝛽0 + 𝛼1 𝛽1 ∗ 𝑋𝑖 + 𝛼1 𝜀𝑌 + 𝜀𝑋
𝛼0 + 𝛼1 𝛽0 + 𝛼1 𝜀𝑌 + 𝜀𝑋
⇔ (1 − 𝛼1 𝛽1 ) ∗ 𝑋𝑖 = 𝛼0 + 𝛼1 𝛽0 + 𝛼1 𝜀𝑌 + 𝜀𝑋 ⇔ 𝑋𝑖 =
(1 − 𝛼1 𝛽1 )

5

The following examples will rely on this simple form, as it reduces the number of symbols in the equations
(and hence the level of complexity), but can easily be extended by adding additional explanatory variables.
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In the last line of argument d) it can be seen, that 𝑋𝑖 is dependent on the error term 𝜀𝑌 and is therefore
endogenous. In other words, in the case of simultaneity (𝛼1 ≠ 0), the explanatory variable will in fact
be affected by changes in the dependent variable it is trying to explain. When the explanatory variable
in a regression is endogenous, estimating the parameter for this variable using OLS will lead to a biased
and inconsistent estimation result, and will not allow for any reliable statistical inference. In the context of this study, it can therefore be expected, that effect of philanthropic donations on investments
in land acquisition, and the effect of investments in land acquisition on philanthropic donations, cannot be reliably estimated using a conventional OLS regression approach. Instrumental variables approaches have been developed to allow for statistical inference of OLS regressions when endogeneity
is present in the explanatory variables (Angrist and Krueger 2001; Dougherty 2016).
Instrumental variables and Two-Stage Least Squares
In instrumental variable approaches, a new variable is found (the instrumental variable), that is
strongly correlated with the endogenous explanatory variable of interest, while being uncorrelated
with the error term (i.e. the instrumental variable cannot itself be endogenous). By regressing the
endogenous explanatory variable on the instrumental variable, the variation in the endogenous explanatory variable can be split into an “exogenous part” and an “endogenous part”:
(e)

𝑋𝑖 = 𝛾0 + 𝛾1 ∗ 𝑍𝑖 + 𝜀𝑋,𝑍

Where 𝑍𝑖 is the instrumental variable that is strongly correlated to 𝑋𝑖 but unrelated to 𝜀𝑌 . The variation in 𝑋𝑖 is now divided into a systematic part that will be exogenous to 𝑌𝑖 , as 𝑍𝑖 is unrelated to 𝜀𝑌 :
𝛾0 + 𝛾1 ∗ 𝑍𝑖 ; and a part of random variation 𝜀𝑋,𝑍 that related to 𝜀𝑌 .
By predicting the endogenous explanatory variable based on the instrumental variable, and replacing
the endogenous explanatory variable in the original regression with its predicted values, the endogenous part of the explanatory variable can be discarded (as per definition 𝜀̂
𝑋,𝑍 = 0). This approach is
called Two-Stage Least Squares (2SLS):
(f)
(g)

𝑋̂𝑖 = 𝛾
̂0 + 𝛾̂1 ∗ 𝑍𝑖
𝑌𝑖 = 𝛽0 + 𝛽1 ∗ 𝑋̂𝑖 + 𝜀𝑌

The explanatory variable is now no longer endogenous, and its parameter estimate based on 2SLS will
be consistent and allows for reliable statistical inference.
Causal inference using instrumental variables
One great advantage of regression analysis using instrumental variables is its ability to derive causal
effects, even based cross-sectional observational data (Angrist and Imbens 1995; Angrist and Krueger
2001; Becker 2016; Stock and Trebbi 2003). Instrumental variable approaches, therefore, have found
widespread application in economic and medical research, or other fields of sciences where randomized controlled trials cannot be made due to practical or ethical reasons. Causal effects of both binary
and continuous “treatments” can be estimated using instrumental variables (Baiocchi, Cheng, and
Small 2014). The lack of randomization can in economic research (as already mentioned) lead to endogenous explanatory variables due to omitted variables, simultaneity, or measurement errors.
To make causal inferences based on instrumental variables, three criteria must be met: (1) the instrumental variables must be strongly correlated to the endogenous explanatory variable, but are not
themselves endogenous; (2) the instrumental variables directly affect the endogenous explanatory
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variables, i.e. a clear causal link between the instrumental variables and endogenous explanatory variable must exist; and (3) the instrumental variables have no direct effect on the response variable, i.e.
the causal effect of the instrumental variables on the response variable must go through the endogenous explanatory variable (Angrist et al. 1996; Angrist and Krueger 2001). The first assumption can be
tested statistically, however, verification of the second and third criteria is largely based on theory.
Especially the third criterion is strictly speaking not provable, as it cannot be proved that an instrumental variable will never, in any way, directly influence the response variable. Figure 5 shows three
cases where causal inference is possible using an instrumental variable approach and three cases
where causal inference is not possible. Figure 6 shows a simple diagram of using instrumental variables
for causal inference when simultaneity exists.

a)

d)

b)

e)

c)

f)

Figure 5. The figure shows six cases of one or more endogenous explanatory variables 𝑋1 and 𝑋2 . 𝛽 are the causal
effects of the explanatory variables on 𝑌𝑖 , 𝛾 are the causal effect of the instrumental variables 𝑍1 and 𝑍2 on the endogenous explanatory variables (or in case f) on 𝑌𝑖 ), 𝜌 indicates a correlation with the error term of 𝑌𝑖 (and hence
indicates endogeneity). In case a), b), and c) instrumental variables can be used to make causal inference. In case b)
𝑍1can be used as an instrumental variable for 𝑋1 only if 𝑋2 is included in the final regression (as it is a confounding
variable). In case d), e), and f) instrumental variables cannot be used for causal inference. In case d) both 𝑋1 , and is
potential instrument 𝑍1 are endogenous to 𝑌𝑖 . In case e) only one instrumental variable is available for two endogenous
explanatory variables. In case f) a direct causal effect of the potential instrumental variable 𝑍1 and 𝑌𝑖 exists.

Figure 6. The figure shows a case of two-ways causal effects (simultaneity). Causal inference can be made using instrumental variables 𝑍1 and 𝑍2. 𝑋𝑖 and 𝑌𝑖 are two variables that affect each other. 𝛽1 is the causal effect of 𝑋𝑖 on 𝑌𝑖 , 𝛼1 is the
causal effect of 𝑌𝑖 on 𝑋𝑖 , 𝛾𝑖 are the causal effect of the instrumental variables on the endogenous variables, 𝜌 indicates
a correlation with the error term of 𝑋𝑖 or 𝑌𝑖 (and hence indicates endogeneity).
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One essential underlying assumption of making causal inference with instrumental variables is the
assumption of monotonicity (Angrist and Krueger 2001). It is assumed, that the instrumental variables
in some cases (for some observations) affect the endogenous variable, while in other cases it does
not. In other words, it assumes that for some observations, the value of the endogenous explanatory
variable would have been different, had the value of the instrumental variable been different, while
for other observations the value of the endogenous explanatory variable would have been the same,
had the value of the instrumental variable been different. Whether this assumption holds cannot be
tested, as it is based on hypothetical outcomes that did not actually occur. This assumption also has a
great impact on the causal inference that can be made with instrumental variables.
In general, when conducting statistical analysis, one is interested in the average treatment effect
(ATE). The average treatment effect reflects the average effect of a treatment on all individuals (or
observations) in a sample (Angrist and Krueger 2001; Baiocchi et al. 2014). This allows inference to be
made for the sample population. Instrumental variable approaches, however, estimate the local average treatment effect (LATE). The LATE is the average treatment effect of a treatment for a group of
individuals (or observations) in the sample for which the instrumental variable did actually influence
the endogenous explanatory variable. If this group makes up a large proportion of the sample, then
the LATE is close to the ATE, and causal inference can be made for the broader population. If this group
only makes up a small proportion of the sample, the causal inference for the broader population might
be weak. However, even in such cases, instrumental variables can give important causal insights. For
example, it can still be determined whether a causal effect is present or not.
All in all, estimating causal effects using instrumental variables is therefore critically dependent on
theoretical underpinnings. If theory suggests, that selected instrumental variables strongly affect the
endogenous explanatory variable, then strong causal inferences can be made.
Analyzing the causal relationship between philanthropic donations and investments in land acquisition
The causal relationship between philanthropic donations and investments in land acquisitions is assumed to resemble the relationship depicted in figure 6. In this study, a two-way causal relationship
is assumed to exist between philanthropic donations and investments in land acquisitions. At the same
time, both philanthropic donations and investments in land acquisitions are assumed to be influenced
by a set of external socioeconomic, or biological, risk, and land cost predictors. In order to estimate
the causal relationship between philanthropic donations and investments in land acquisition, these
external predictors might be used as instrumental variables. Figure 7 shows a version of figure 6 that
has been adapted to the variables of interest in this study. Note also, that figure 7 is, in fact, a depiction
of the analytical framework showed in section 2.3, figure 4. The exact estimation process and choice
of instrumental variables will be discussed in section 3.3.3. However, figure 7 makes it clear, that if
adequate instrumental instruments are found, the two-way causal relationship between philanthropic
donations and investments in land acquisition can be estimated using linear regression with instrumental variables.
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Figure 7. The figure shows two-ways causal effects between philanthropic donations (𝐷𝑖 ) and investments in land acquisition (𝐼𝑖 ). 𝑍1 here represents socioeconomic instrumental variables for philanthropic donations, and 𝑍2 represents biological, risk, and land cost instrumental variables for investments in land acquisitions. 𝛼1 and 𝛽1 are the causal effects of
interest. These effects can be estimated using linear regressions with instrumental variables. Compare figure to the
analytical framework (figure 4).

3.2 Data collection
The data collection process took place in two steps: (1) all data were retrieved or calculated on countylevel for the 48 contiguous US states, (2) all data was aggregated to state-level. An overview of the
data used in this study can be found in table 1.

3.2.1 TNC data: philanthropic donations, land acquisitions, and fundraising effort
The Nature Conservancy provided data on philanthropic donations, investments in land acquisition,
and fundraising effort. Philanthropic donations data collected and stored by the TNC for fundraising
purposes, e.g. to targets specific individuals for fundraising campaigns. Land acquisition data are
stored in order to keep a record on acquisitions and expenditures.
Philanthropic donations
Data on donations consist of all mid-tier donations of US$1000 to US$100,000 per donor, made to
TNC by private individuals in the years 2009-2014. The Nature Conservancy does not keep a detailed
record of donations under US$1000 per donor, as donors of such relatively small donations are generally of little interest for fundraising campaigns. The Nature Conservancy did not include donations
larger than US$100,000 per donor in the dataset, due to anonymity concerns6. Individual donations
were linked to account IDs and addresses, where each account ID represents one donor. This study
aims at being spatially explicit in its analysis. Donations from accounts with no address, post box addresses, US military addresses, or address at the TNC headquarters in Arlington (Virginia) were therefore deleted from the dataset, as the place of residence of these donors could not be determined.
From the number of accounts, the number of individual donors could be calculated. In total 162,388
individual donations were observed in the time period. The sum of donations received by TNC (in the
following also called TNC revenue from donations) and number of donors was aggregated to countylevel and state-level for all 48 contiguous US states.
The data on donations provided by TNC comes with some challenges, as the donations data are censored to only contain donations between US$1000 and US$100,000 per donor. This creates a bias of
non-true zeroes, as in some cases, zero donations might have been observed, were in fact donations

6

As the philanthropic donations data was aggregated for analysis, anonymity of large donors would, in fact,
have been ensured. However, TNC nonetheless did not want to include these donors in the dataset.
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smaller than $1000 or larger than $100,000 were received. Areas with no donations were hence noted
as missing values (NAs).
Investments in land acquisition
The investment data consist of all land acquisitions made by TNC in the 48 contiguous US in the years
2009–2014. The data contain the area size of the acquired land (in ha), as well as the expenditures
TNC had to pay for the acquisitions (in US$). TNC land acquisitions are linked to the counties in which
the acquisitions were made. In some cases, the land areas acquired might be within more than one
county. In such cases, TNC assigned the acquisition to the one county where it made the most sense
for TNC from an administrative perspective (e.g. where local TNC offices are located). While this approach prevents double counting of land acquisitions that overlap several counties, it might introduce
some bias to the data, especially if the land acquired is equally distributed across two or more counties. In the time period 246 land acquisitions were made by TNC. The sums of the areas acquired, and
the sums of the expenditures for land acquisitions were aggregated to county- and state-level.
Fundraising effort
The Nature Conservancy also provided data on fundraising effort (i.e. solicitation effort). The data
consists of the number of interactions between TNC and mid-tier donors that made donations to TNC
between the years 2009-2014. Interactions were defined as any contact moment between TNC and
individual donors that served the cultivation of the TNC-donors relationship. Interactions included
newsletters sent, event invitations, “thank you” messages or greeting cards. Each interaction was
linked to an account ID. The data were cleaned in the same way as the philanthropic donations data,
i.e. interactions with accounts with no address, post box addresses, US military addresses, or address
at the TNC headquarters in Arlington (Virginia) were deleted from the data set. In total around one
million interactions were observed.
The data are not a direct reflection of the level of fundraising effort by TNC within a state, as fundraising activities also take place in other forms than the interactions mentioned. Instead, the interaction
data are meant to serve as an indicator for the general level of fundraising effort within a state. Therefore, it is assumed that in states where TNC had many interactions with its donors, the organization
also generally put a high level of effort into fundraising. A similar assumption was made in the studies
of Fovargue et al. (2018a, 2018b). However, these interaction data come with some critical challenges.
Most importantly, the total number of interactions between TNC and its donors in an area is dependent on the number of donors. This introduces a bias where TNC seemingly put more effort into fundraising in a state with many donors, compared to a state with fewer donors – even though the number
of interactions per donor might be the same in both states. To get an impression of TNC fundraising
effort per donor in a state, the interaction-donor-ratio was calculated. This was done by dividing the
total number of interactions in a state by the total number of donors in the same state. This ratio gives
a relative indication of the fundraising effort and should thereby prevent the bias discussed above.

3.2.2 Socioeconomic predictors
Data on socioeconomic variables as predictors for donations were retrieved based on predictors used
in previous studies (see section 2.1.3). Data on socioeconomic predictors included tax liability, population size, population living under poverty (percentage), average family size, percentage of population with a bachelor degree or above, percentage of population employed, number of households
with incomes less than US$10,000 per year, number of households with incomes larger than
US$200,000 per year, household mean income, and percentage of voters voting for Barack Obama at
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the 2012 presidential elections (as a measure of political worldviews). The choice of socioeconomic
variables was mostly based on the variables identified in Fovargue et al. (2018a, 2018b), however,
some additional variables were retrieved based on the theoretical framework and availability.
The data on tax liability were retrieved from Internal Revenue Service website7 (US federal internal
revenue and tax agency) on county-level for the years 2009-2014. Data for all five years were summed
for each county.
Data on population size, number of households, population living under, average family size, percentage of population with a bachelor degree or above, percentage of population employed, number of
households with incomes less than US$10,000 per year, number of households with incomes larger
than US$200,000 per year, household mean income were retrieved as five-year estimates from the
American Community Survey (ACS) from the United States Census Bureau8. Data from the time period
2010-2014 were used. The ACS five-year estimates are data collected over a 60-month period. They
deliver the most reliable estimates of the variables of interest. Also, single-year estimates are only
available for populations larger than 65,000 inhabitants, for smaller population multiple-year estimates must be used (in this study several counties have populations smaller than 1000 inhabitants)
(U.S. Census Bureau 2008). Data were retrieved for the counties of all contiguous US states.
In this study, the voting percentage for Barack Obama at the 2012 presidential election will be used
as an indicator for liberal political views. The voting data were retrieved from the Guardian9 and are
based on outcomes reported by the Associated Press. Data were retrieved for the counties of all contiguous US states.
Data on all socioeconomic variables was aggregated to state-level.

3.2.3 Biological and risk predictors
As biological and risk predictors for conservation investments variables on land use, change in natural
land, species occurrence, and occurrence of species at risk were used.
Land use and change in natural land
For land use data, estimates for total land area, as well as urban, agricultural, pasture, rangeland, and
forest area size from Wear (2010) were used, measured in hectares. These data were retrieved on
county-level for the year 2010. It might be expected that counties or states with larger natural areas
are more likely to receive (larger) conservation investments. For this reason, natural area size for each
county was calculated by subtracting the size of urban, agricultural, and pasture areas from the total
land area, as these areas are characterized by intense human use and hence are deemed “unnatural”.
In the data analysis, only this variable of the natural land area will be used (not the other land use
variables). The data were then aggregated to state-level for all contiguous US states.
Using change in natural land area as a threat variable for conservation investments was suggested by
(Withey et al. 2012). To calculate the change in the natural land area, first, the natural land area per
county was computed from the land use forecasts of Wear (2010) as described in the section above.
This was done for the years 2010 and 2040. To get a relative measure of change in the natural land
area, the natural land area estimated for 2040 was divided by the natural land area estimated for
2010. The data were then aggregated to state-level for all contiguous US states.
7

https://www.irs.gov/statistics/soi-tax-stats-county-data (retrieved 07.06.2018)
https://www.census.gov/acs/www/data/data-tables-and-tools/ (retrieved 07.06.2018)
9
https://www.theguardian.com/news/datablog/2012/nov/07/us-2012-election-county-results-download (retrieved 08.06.2018)
8
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Species occurrence and occurrence of species at risk
Unfortunately, no species occurrence and species at risk data were available at both state-level and
county-level. Therefore, different data sets were used state-level and county-level.
At state-level data on species occurrence, and species at risk (i.e. the percentage of species categorized as “presumed extinct”, “possibly extinct”, “critically imperiled”, “imperiled”, and “vulnerable”)
were extracted from NatureServe (2002). NatureServe is a non-profit provider of ecological survey
data, which collects data on species occurrence US-wide. Data were extracted for all occurring species,
as well as for plants, mammals, birds, reptiles, amphibians, and fishes separately.
At county-level, data on total species occurrence, number of species considered low-risk of extinction,
and number of threatened species were used. Data from International Union for Conservation of Nature (IUCN), NatureServe, and Endangered Species Act (ESA) were used. All data were originally retrieved in 2012.
Due to the different datasets used at state-level and county-level, findings based on these data cannot
be directly compared (e.g. correlations between species occurrence and investment in land acquisition
at state-level and county-level). However, both data contain elements of species occurrence, as well
as species at risk, and should, therefore, be suitable for data reduction purposes (i.e. suitable to produce a general species occurrence and species at risk components – see later section 3.3.1).

3.2.4 Land cost predictors
Two different land cost predictors were used in this study.
As a first land cost predictor, agricultural land value estimates, based on the 2012 US Agricultural Census were retrieved from the National Agricultural Statistics Service (NASS)10 on county-level. This variable is an estimate of the value of agricultural land in an area, including the farm buildings on the
land. Using agricultural land value as an indicator of land acquisition costs for conservation is based
on the assumption that land suitable for conservation is mostly placed in rural areas, and agricultural
land values thus approximate conservation land costs. The NASS agricultural land values were retrieved on county-level in US$/acre. This value was transformed into US$/ha by multiplying with 2.47
acres/ha. The data were aggregated to state-level for all contiguous US states
The second land cost predictor is based on the land cost estimates presented in Withey et al. (2012).
Withey et al. (2012) calculated expected land costs based on the annual land returns. This was calculated for all non-urban land. The estimated land costs were retrieved in US$/ha on county-level and
aggregated to state-level for all contiguous US states.

3.2.5 Data transformation and selection of data subset
A preliminary visual exploration of the data (using histograms), showed that several of the variables
were strongly skewed (this is especially true from the data on philanthropic donations and investments in land acquisitions – see section 4.1.1 and 4.1.2). As some of the later steps of the analysis
required the variables to be (close to) normally distributed, all variables were log-transformed using
the natural logarithm11. Due to the many zeroes in some of the untransformed variables (especially
the TNC data), this log-transformation creates many missing values (as zeroes cannot be log-transformed). To ensure that the same observations are analyzed in later steps – and thereby to ensure
comparability between results – a subset of the data will be chosen for analysis. In the following data
10
11

https://quickstats.nass.usda.gov/ (retrieved 09.06.2018)
Log-transformations have the ability to make strongly skewed data (close to) normally distributed.
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analysis, only observations (i.e. states or counties) that received both donations and investments in
the years 2009-2014 will be analyzed. All other observations will be excluded. In 40 states and 116
counties TNC both received donations and acquired land for between 2009-2014. This data subset
was used for later statistical analysis.
Table 1. Overview of data used. All data was available at both state-level and county-level, unless indicated
otherwise.
Variable name in plots
(log-transformed)

Source

𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒

logTNC_Revenue

TNC (2009-2014)

𝐼𝐴𝑟𝑒𝑎

logTNC_Land_Acquired

TNC (2009-2014)

𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
-

logTNC_Expenditures
logInteraction_Donor_Ratio

TNC (2009-2014)
TNC (2009-2014)
TNC (2009-2014)

Variables

Variable name in equations

Revenue from philanthropic donations (US$)
Land acquired for conservation
(ha)
Expenditures for land acquisitions
Interactions (US$)
Interaction-Donor-Ratio (statelevel only)
Number of donors

TNC Data

Tax liability (US$)
Population size
Population living under poverty
(percentage)
Average family size
Educational level (percentage of
population with a bachelor degree
or above)
Percentage of the population employed
Number of households with incomes less than US$10,000 per
year
Number of households with incomes larger than US$200,000 per
year
Household mean income (US$)
Percentage of voters voting for
Barack Obama at the 2012 presidential election
State area (state-level only)
County area (county-level only)
Natural area percent
Natural area change
Species occurrence and species at
risk (state-level only)i
Species occurrence and species at
risk (county-level only)i

Agricultural land value (US$/ha)ii
Land value based on returns
(US$/ha)ii

Socioeconomic predictors
𝑋𝑇𝑎𝑥𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 , 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐
𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐
𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

-

TNC (2009-2014)

logTaxLiability
logPopulation
logPovertyPercent

IRS (2009-2014)
ACS (2010-2014)
ACS (2010-2014)

𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐
𝑋𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛, 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

logFamilySize
logEducation

ACS (2010-2014)
ACS (2010-2014)

𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

logEmployed

ACS (2010-2014)

𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

logHouseholds10

ACS (2010-2014)

𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

logHouseholdes200

ACS (2010-2014)

𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐
𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐

logHouseholdsMean
logPolitics

ACS (2010-2014)
Guardian (2012)

logState_Area
logCounty_Area
Biological and risk predictors
𝑋𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 , 𝑋𝐵𝑖𝑜
logNatural_Percent
𝑋𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 , 𝑋𝑅𝑖𝑠𝑘
logNatural_Change
𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 , 𝑋𝐵𝑖𝑜 , 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 ,
𝑋𝑅𝑖𝑠𝑘
𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 , 𝑋𝐵𝑖𝑜 , 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 ,
𝑋𝑅𝑖𝑠𝑘
Land cost predictors
𝑋𝐶𝑜𝑠𝑡
𝑋𝐶𝑜𝑠𝑡

-

Wear (2010)
Wear (2010)
Wear (2010)
Wear (2010)
NatureServe (2002)
IUCN (2012)
NatureServe (2012)
ESA (2012)
NASS (2012)
Withey et al. (2012)

i) These variables were reduced to their underlying principal components using principal component analysis. The principal components were named biological and risk component 1, biological and risk component 2, biological and risk
component 3 (state-level), and biological and risk component (county-level).
ii) These variables were reduced to their underlying principal components using principal component analysis. The principal components were named land cost (both at state-level and county-level)
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3.3 Data analysis
The data analysis for this study is performed in three overall steps: (1) groups of variables are identified
and reduced to a few underlying components using principal component analysis (PCA), (2) the correlational structure philanthropic donations, investments in land acquisitions and their external predictors is explored using Pearson’s correlations, and (3) regression analyses are performed using linear
regression with instrumental variables. It should be noted, that the first and the second step of the
analysis serve as preparation to conducts the third step. Furthermore, it should be noted, that the
data were aggregated to be cross-sectional data and are analyzed as such. The analysis will be performed using R version 3.5.0 (R 2018).

3.3.1 Principal component analysis
Principal component analysis (PCA) is a method with which the variance structure in multiple variables
is explained with a few linear combinations of the original variables. These linear combinations are
called principal components (Field 2013; Olive 2017). PCA is, therefore, a way to simplify high-dimensional data with a complex relational structure into data of lower dimensionality and complexity, while
maintaining the shared variation in the data. In this study, PCA will be used mainly to reduce multiple
predictors to a few underlying components that will be used for later analysis.
Several assumptions must be checked to ensure that the data can, in fact, be analyzed using PCA (Field
2013). Firstly, variables for analysis should be continuous, although ordinal variables are often used.
In this study, all variables analyzed in the PCA will be interval or ratio data (and are hence well-suited
for PCA). For PCA there should be a linear relationship between all variables. This assumption will be
checked visually by producing a matrix scatter plot of all variables. To receive reliable results from the
PCA an adequate sample size must be ensured. For each variable at least 5 to 10 observations should
be present. To ensure sampling adequacy, socioeconomic predictors, biological and risk predictors,
and land cost predictors will be analyzed separately on both county-level and state-level. For each of
the three groups of predictors, the Kaiser-Meyer-Olkin (KMO) Measure Test for Sample Adequacy will
be calculated. If the test yields a value larger than 0.6, the dataset is appropriate for PCA. Finally, no
significant outliers should be present in the data. When all requirements have been checked and satisfied, the PCA can be conducted.
Using the PCA, clearly distinguishable groups of external predictors can be identified. This will be done
by examining the factor loadings of predictors on the principal components. A factor loading represents the partial correlation between a predictor and a component in a PCA (Field 2013). Predictors
with high loadings on the same component share a large proportion of their variance with each other.
Hereby the predictors can be divided into groups, based on which components the predictors load
high or low on.
Data reduction
It can be assumed that several of the predictors in the dataset will be closely correlated. In a later step
of the data analysis, linear regression models will be fitted. For the regression analysis, the large number of predictors in the current dataset needs to be reduced substantially in order to maintain the
statistical power of the regression models12. Reducing the number of variables could be done in different ways. For example, for each group of correlated explanatory variables (i.e. predictors), the one
variable with the strongest explanatory power for a regression model could be chosen, and all other
12

In general, increasing the number of explanatory variables (i.e. predictors) in a regression model increases
the standard error of the estimated parameters, thus making the estimates less accurate (Dougherty 2016;
Field 2013).
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variables in the group excluded. Hereby the number of variables in the model could be reduced (and
statistical power of the model would be improved). However, when fitting different regression models
on the same explanatory variables, the explanatory power of the individual explanatory variables
might shift, hence leading to selecting a different explanatory variable as the “strongest” for each time
a new model is fitted. This would make a comparison between models difficult. Also, when selecting
only one explanatory out of a group of correlated variables, the variation of all other variables in this
group would get lost. A second approach would be to reduce the number of variables using PCA. This
approach will be used in this study. Based on the PCA conducted in the previous section, the component scores can be calculated. Component scores are a linear combination of the component loadings
and the variables values (Field 2013). By calculating the component scores for each observation in a
dataset (i.e. each state or county), multiple variables can be reduced to one (or a few) principal component variables. This approach to data reduction will be used to compute principal component variables for biological and risk predictors, as well as land cost predictors. For the socioeconomic predictors PCA was used to determine whether the chosen instruments (see section 3.3.3) are good representatives of the overall socioeconomic variability (see section 4.2.1)

3.3.2 Pearson’s correlations
In this step, Pearson correlation coefficients between philanthropic donations, investments in land
acquisition, and their external predictors are examined. Pearson’s correlation coefficients are a nonparametric measure for the linear relationship between two variables. By examining the correlations
coefficients it will be possible to determine and visualize how these variables relate to each other on
one spatial scale. It will also allow for a comparison of the correlational structure on different spatial
scales (county and state). Pearson’s correlation coefficients lay between -1 (perfect negative correlation) and +1 (perfect positive correlation) (Field 2013). Correlation matrices for the endogenous variables and their external predictors will be produced both on county-level and state-level.

3.3.3 Regression analysis using instrumental variables
To further explore the causal effects between philanthropic donations and investments in land acquisition, linear regression analysis will be used. Two causal effects are of interest: the effect of donations
on investments, and the effect of investments on donations. The datasets for this study contains two
variables investments in land acquisition, namely TNC land area acquired and expenditures for land
acquisitions, and one variable for donations, namely TNC revenue from donations. Hence, four different regression models should be fitted:
(1)

𝐼𝐴𝑟𝑒𝑎 = 𝛽0 + 𝛽1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 + 𝛽𝑋 ∗ 𝑋1 + 𝜀1
𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 = 𝛼0 + 𝛼1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 + 𝛼𝑋 ∗ 𝑋1 + 𝜀2

(3)

𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛾0 + 𝛾1 ∗ 𝐼𝐴𝑟𝑒𝑎 + 𝛾𝑋 ∗ 𝑋2 + 𝜀3
𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛿0 + 𝛿1 ∗ 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 + 𝛿𝑋 ∗ 𝑋2 + 𝜀4

(2)

(4)

Where 𝐼𝐴𝑟𝑒𝑎 is TNC land area acquired, 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 is the TNC expenditure of land acquisitions (𝐼 for
investments), 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 is TNC revenue from donations (𝐷 for donations), 𝑋s are matrices of external
predictors, 𝛽, 𝛼, 𝛾, and 𝛿 are the linear fixed model parameters, and 𝜀 are the model error terms.
Note, that as the analyses at county-level and state-level will be performed separately, the spatial
scale of the analysis is not indicated in the following equations.
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As discussed in the theoretical framework, conservation investments are also expected to be dependent on biological and risk predictors, and land cost predictors, while donations are expected to be
dependent on socioeconomic predictors:
(5)
(6)

𝐼𝐴𝑟𝑒𝑎 = 𝛽0 + 𝛽1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 + 𝛽𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝛽𝐵𝑖𝑜 ∗ 𝑋𝐵𝑖𝑜 + 𝛽𝑅𝑖𝑠𝑘 ∗ 𝑋𝑅𝑖𝑠𝑘 + 𝜀1
𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 = 𝛼0 + 𝛼1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 + 𝛼𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝛼𝐵𝑖𝑜 ∗ 𝑋𝐵𝑖𝑜 + 𝛼𝑅𝑖𝑠𝑘 ∗ 𝑋𝑅𝑖𝑠𝑘 + 𝜀2
(7)
(8)

𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛾0 + 𝛾1 ∗ 𝐼𝐴𝑟𝑒𝑎 + 𝛾𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 ∗ 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 + 𝜀3
𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛿0 + 𝛿1 ∗ 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 + 𝛿𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 ∗ 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 + 𝜀4

The 𝑋s are now matrices of land cost predictors, biological predictors, risk predictors, and socioeconomic predictors.
In a first step, these four models (equations 5-8) could be fitted using the OLS method under the
standard assumption of identically and independently distributed error terms.
Based on the theoretical framework it is expected that a simultaneous bias exists that makes the donation variable endogenous if used as an explanatory variable for investments, and makes the investments variables endogenous if used as explanatory variables for donations. For this reason, the independence assumption necessary to produce reliable regression estimates using OLS is expected to be
violated. The issue of endogenous explanatory variables due to simultaneity can be resolved using an
instrumental variable approach, as discussed in section 3.1.2. Good instruments must correlate closely
with the endogenous explanatory variable in a model while being uncorrelated with the error term.
To imply causality, a clear causal path must exist, which causes the instrumental variable to affect the
dependent variable of a model through the endogenous explanatory variable (Angrist et al. 1996;
Baiocchi et al. 2014). For this study, the variables tax liability, educational level, species occurrence
and occurrence of species at risk, natural area, change in natural area, and land costs were used as
instrumental variables (see the following).
Instruments for TNC revenue from donations
For revenue from donations, tax liability and educational level will be used as instruments.
In the US donations to philanthropic organizations (such as TNC) can be deducted from an individual’s
income tax. For this reason, with the increase of tax liability in an area, economic incentives to donate
– and hence donations made – should also increase. Tax deductibility has indeed been shown to affect
philanthropic behavior. Therefore, variation in tax liability should influence TNC revenue from donations.
A higher level of education has often been associated with pro-environmental attitudes and increased
awareness of the need for philanthropy, which in turn causes individuals to be more likely to make
donations to environmental organizations. With an increase in the percentage of the population with
a bachelor degree or above (as an indicator for the educational level), TNC revenue from donations
should therefore increase.
Therefore, there seem to be clear causal paths between tax liability, educational level, and philanthropic donations.
No plausible reverse effects of donations or investments on tax liability and educational level are evident (i.e. philanthropic donations and investments in land acquisitions have no clear paths through
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which tax liability or educational level might be affected). Tax liability and educational level can, therefore, be expected to not be endogenous themselves.
Instruments for TNC investments in land acquisition
For investments in land acquisition species occurrence and occurrence of species at risk, natural area,
change in natural area, and land costs will be used as instruments.
Conservation efforts based on land acquisition generally aim at protecting as many species as possible,
and especially endangered or threatened species (species at risk). Areas with a high occurrence of
species in general, and threatened or endangered species, should, therefore, receive larger investments in land acquisition for conservation. Species occurrence and occurrence of species at risk are in
this step of the analysis represented by their principal components derived from the PCA.
Land acquisitions for conservation are generally focussed at acquiring natural lands. The natural land
area should, therefore, be positively associated with land acquisitions. It has been proposed that areas, where the natural land area is predicted to decrease in the near future, should be prioritized in
conservation planning (Withey et al. 2012). Decreasing natural area should, therefore, be associated
with increasing conservation investments.
Finally, from an ROI perspective, land acquisitions should be focussed on areas where land cost are
relatively low, to ensure that conservation benefits are produced for the lowest cost possible
(Murdoch et al. 2007; Tear et al. 2014; Withey et al. 2012). Land costs are in this step of the analysis
represented by their principal components derived from the PCA.
Therefore, there seem to be clear causal paths between species occurrence and occurrence of species
at risk, natural area, change in natural area, land costs, and investments in land acquisition.
While there seem to be no plausible substantial reverse effect of donations on any of the instruments,
some reverse effects of conservation investments on the instruments will need further discussion.
As conservation investments aim at protecting species, it can be expected that investments in land
acquisition for conservation influence the occurrence of species in an area. In this case, species occurrence itself would be an endogenous explanatory variable for investments, and would therefore not
be a suitable instrument. In this study, however, the data on species occurrence and species at risk
were mostly collected before the time period for which investments are analyzed. There is, therefore,
presumably no reverse effect of investments on the species occurrence and species at risk (as these
investments cannot affect past species abundance). The estimates of natural land area and change in
the natural land area are based on current and expected socio-demographic developments. As land
acquisitions by the TNC were not taken into account in these estimates, there should be no reverse
effect.
It is more difficult to argue for a one-way causal effect of land cost on investment. In an open land
market, it can be expected the price of land is determined both be land supply and demand. TNC
demand for conservation land could, therefore, affect actual land costs, especially considering that
TNC is a large actor on the market for conservation land in the US. The data of this study contains two
different land cost predictors that are estimated based on annual land returns and agricultural land
value respectively. Both of these land cost predictors have been estimated based on valuation models
that do not include TNC land acquisitions. Land acquisitions of TNC therefore does not affect these
estimates, and no reverse effect of investments in land acquisitions on the land cost predictors can be
expected.
Overall, it is therefore expected, that the variables for species occurrence and occurrence of species
at risk, natural area, change in natural area, land costs are not themselves endogenous.
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Two-Stages Least Squares (2SLS)
Based on these instrumental variables, a Two-Stages Least Squares (2SLS) regression of the equations
5-8 will be possible (for a step-by-step explanation of this process see section 3.1.2).
In the first stage, the endogenous variables will be predicted based on their instruments:
(9)

𝐼𝐴𝑟𝑒𝑎 = 𝜗0 + 𝜗𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝜗𝑆𝑝𝑒𝑐𝑖𝑒𝑠 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 + 𝜗𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 +
𝜗𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜗𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜀5

̂ ̂
̂
̂
̂
⇔ 𝐼̂
𝐴𝑟𝑒𝑎 = 𝜗0 + 𝜗𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝜗𝑆𝑝𝑒𝑐𝑖𝑒𝑠 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 + 𝜗𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 + 𝜗𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎
∗ 𝑋𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜗𝐶ℎ𝑎𝑛𝑔𝑒̂
𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎
(10)

𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 = 𝜏0 + 𝜏𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝜏𝑆𝑝𝑒𝑐𝑖𝑒𝑠 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 + 𝜏𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 +
𝜏𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜏𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜀6

̂
⇔ 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
= 𝜏̂0 + 𝜏̂
̂ ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 + 𝜏𝑆𝑝𝑒𝑐𝑖𝑒𝑠
̂
𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝜏𝑆𝑝𝑒𝑐𝑖𝑒𝑠
𝑎𝑡 𝑟𝑖𝑠𝑘 ∗ 𝑋𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘
+ 𝜏𝑁𝑎𝑡𝑢𝑟𝑎𝑙
̂𝑎𝑟𝑒𝑎 ∗ 𝑋𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 + 𝜏𝐶ℎ𝑎𝑛𝑔𝑒̂
𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎 ∗ 𝑋𝐶ℎ𝑎𝑛𝑔𝑒 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑎𝑟𝑒𝑎
𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝜔0 + 𝜔 𝑇𝑎𝑥𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝑋𝑇𝑎𝑥𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜔𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑋𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 + 𝜀7

(11)

̂ =𝜔
⇔ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒
̂0 + 𝜔 𝑇𝑎𝑥𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦
̂
∗ 𝑋𝑇𝑎𝑥𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝜔𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛
̂
∗ 𝑋𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛
Where 𝜗, 𝜏, and 𝜔 are the model parameters.
In the second stage, the endogenous explanatory in equations 5-8 will be replaced by their predicted
values from equations 9-11. The equations can now be estimated using OLS:
̂ + 𝛽𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝛽𝐵𝑖𝑜 ∗ 𝑋𝐵𝑖𝑜 + 𝛽𝑅𝑖𝑠𝑘 ∗ 𝑋𝑅𝑖𝑠𝑘 + 𝜀1
(12)
𝐼𝐴𝑟𝑒𝑎 = 𝛽0 + 𝛽1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒
̂ + 𝛼𝐶𝑜𝑠𝑡 ∗ 𝑋𝐶𝑜𝑠𝑡 + 𝛼𝐵𝑖𝑜 ∗ 𝑋𝐵𝑖𝑜 + 𝛼𝑅𝑖𝑠𝑘 ∗ 𝑋𝑅𝑖𝑠𝑘 + 𝜀2
(13)
𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 = 𝛼0 + 𝛼1 ∗ 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒
(14)
𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛾0 + 𝛾1 ∗ 𝐼̂
𝐴𝑟𝑒𝑎 + 𝛾𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 ∗ 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 + 𝜀3
̂
(15)
𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝛿0 + 𝛿1 ∗ 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒
+ 𝛿𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 ∗ 𝑋𝑆𝑜𝑐𝑖𝑜𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑐 + 𝜀4
̂
̂
The parameter estimates for 𝐼̂
𝐴𝑟𝑒𝑎 , 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 , and 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒 should now consistent.
Estimated models
In practice, it turned out, that 40 states and 116 counties received both philanthropic donations and
investments in land acquisition. The 2SLS estimation was hence restricted to these states and counties
(as described in section 3.2.5). In a regression analysis context, it is usually necessary to have at least
10 observations for each explanatory variable included (so, e.g. a regression model with two explanatory variables should have a minimum sample size of 20 observations) (Dougherty 2016; Field 2013).
For each explanatory variable added to the model, the confidence intervals for all other explanatory
variables in the model increase, due to a decrease in residual degrees of freedom. With the increasing
number of explanatory variables, it therefore becomes less likely to estimate statistically significant
effects (at any given significance level). The 2SLS analysis in this study includes estimated donations
̂ , 𝐼̂
̂
and investments variables (i.e. 𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒
𝐴𝑟𝑒𝑎 , or 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 ) as explanatory variables, as well as
several other external and confounding variables. To cope with the statistical phenomenon described,
several models were fitted, where different combinations of external or confounding variables were
estimated. In general, each model estimated therefore contains one of the estimated donations or
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̂ , 𝐼̂
̂
investment variables (𝐷𝑅𝑒𝑣𝑒𝑛𝑢𝑒
𝐴𝑟𝑒𝑎 , or 𝐼𝐸𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 ) and one external explanatory variable. Also,
one model consisting of only one of the estimated donations or investment variables was estimated,
as well as a full model, containing all external variables. An overview of all estimated models at both
state-level and county-level can be found in Appendix 1.
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4. Results
The following chapter presents the results of this study. In section 4.1 an overview is given of the
distribution of mid-tier philanthropic donations made to TNC, as well as land acquired for conservation
by TNC, at state-level and county-level. In section 4.2 results of the principal component analysis are
presented. Section 4.3 presents the correlational relationships between philanthropic donations, land
acquisitions, and their external predictors. Finally, in section 4.4, the estimated causal effects between
philanthropic donations and land acquisitions are presented.

4.1 Descriptive statistics
4.1.1 Philanthropic donations
In total TNC received US$384.9 million in revenue from mid-tier donations in the period 2009-2014.
The donations came from all 48 contiguous US states, with an average of US$7.9 million donations per
state. However, philanthropic donations received vary greatly at state-level. In California, TNC received most donations with a total sum of US$45 million, while the least donations were received in
South Dakota with US$ 0.4 million.
Mid-tier donations were made to TNC in 1,381 counties (out of 3118 counties) in the period 20092014. In the counties where donations were received, TNC received an average of US$ 0.3 million in
donations per county.
Both at state-level and county-level, the distribution of philanthropic donations to TNC is strongly
right-skewed (see figure 8). This means, that in most states and counties, TNC received a relatively
small amount of donations (in fact, TNC received no donations in most counties), while very large
amounts of donations were received in a few states and counties. Figure 8 also shows that a logarithmic transformation makes the donations data close to normally distributed (which enabled later statistical analyses).

Figure 8. Histograms of state-level revenue from donations (un-transformed and log-transformed). For
county-level histograms see Appendix 2.

4.1.2 Land acquisitions for conservation
The Nature Conservancy acquired around a total of 81,000 ha for conservation in the years 2009-2014
in contiguous US states. Land was acquired for conservation by the TNC in 40 states, while no land
was acquired in Connecticut, Delaware, District of Columbia, Idaho, Nebraska, Nevada, North Dakota,
and West Virginia. Several of these states are small states in the Northeastern US (Connecticut, Delaware, District of Columbia, and West Virginia) that might have offered little opportunities for (affordable) land acquisitions. Nebraska and North Dakota are both states dominated by intensive agriculture, which might not offer much valuable land for conservation. No intuitive explanation can be given
for why no land was acquired in Idaho and Nevada.
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In the 40 states where land was acquired, TNC acquired on average 1974 ha. Most land was acquired
in Colorado with 15,600 ha, while the least land was acquired in Tennessee with 24 ha.
At county-level TNC acquired land for conservation in 195 counties, TNC acquired an average of 415
ha of land for conservation within these counties.
To acquire this land for conservation, TNC spent a total of US$ 262.8 million. On average TNC spent
US$ 6.6 million on land acquisition per state. Most money for land acquisition was spent in California
with US$ 49.4 million, the least was spent in New Mexico with US$ 0.04 million.
At county-level, in the counties where land was acquired, TNC spent an average of US$ 1.6 million on
land acquisition.
The histograms on land acquired and expenditures for land acquisition in figure 9 shows that both
land acquired and expenditures are strongly right-skewed at both state- and county-level. In most
states and counties relatively small acquisitions and expenditures were made, while very large acquisitions and expenditures were made only in a few states and counties. Figure 9 also shows that a
logarithmic transformation makes the land acquisition data close to normally distributed.

Figure 9. Histograms of state-level land acquired for conservation, and expenditures for land acquisition
(untransformed and log-transformed). For county-level histograms see Appendix 2.

4.1.3 Data subset
In 40 states and 116 counties, TNC both received donations and acquired land for between 2009-2014.
This data subset was used for later statistical analysis (see section 3.2.5 for elaboration on data selection).
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4.2 Data reduction using principal component analysis
The PCA was performed mainly to reduce multiple variables to a few underlying components, thereby
facilitating later steps in the analysis. For the full results of the PCA, see Appendix 3. This section will
highlight results that are relevant for later analysis.

4.2.1 Socioeconomic predictors
The socioeconomic predictors used in this study could be reduced to three principal components at
both state-level and county-level, respectively explaining 90.3% and 74.9% of the variation. In the later
analysis tax liability and educational level will be used instrumental variables for revenue from donations (as mentioned in section 3.3.3). Tax liability loads highly on the first component, while
educational level loads highly on the second component. When used as instruments, tax liability and
educational level, therefore, represent a broad variety of the socioeconomic predictors.

4.2.2 Biological and risk predictors
At state-level, species related biological and risk predictors could be reduced to three principal components, explaining 82.9% of the variation. All predictors correlate approximately equally strong with
the first component, indicating that the first component represents general species richness and general occurrence of species at risk. The second and third components have no intuitive interpretation
but reflect the variation in the biological and risk predictors that is not represented by the first component.
At county-level, species related biological and risk predictors were reduced to one principal component, representing general species richness and general occurrence on species at risk. The components explain 68.5% of the variation.
The fact that the biological and risk components were reduced to a different number of principal components at state-level and county-level is most likely due to the fact, that different dataset were used
for each level.
The biological and risk components will be used for further statistical analyses.

4.2.3 Land cost
The land cost predictors could be reduced to one principal component at both state-level and countylevel. The component respectively explains 95.3% and 88.7% of the variation and will be used for further statistical analysis.

4.3 Correlations
In the following section is was explored how revenue from donations, land acquired, and expenditures
relate to each other, and to external socioeconomic predictors, land cost predictors, and biological
and risk predictors. This was done partly to get a general insight into the correlational structure between revenue from donations, land acquired, and expenditures, and external predictors, and to identify suitable external predictors for the later 2SLS regression analysis. Pearson’s correlation coefficients larger than 0.5 or smaller than -0.5 in this study indicate strong correlations, coefficients between 0.3 to 0.5 or -0.3 to -0.5 are considered moderate, coefficients between 0.1 to 0.3 or -0.1 to 0.3 are considered weak, while coefficients between -0.1 and 0.1 are considered to show no relation
(Field 2013).
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4.3.1 TNC revenue from donations, land acquired, and expenditures for land acquisition
Figure 10 shows the correlations between revenue from donations, land acquired, and expenditures
for land acquisitions.
At state-level, increases in revenue from donations are moderately positively associated with land
acquired and expenditures for land acquisition (with Pearson’s coefficients of 0.37 and 0.46). Therefore, in states with larger revenues from donations, TNC also acquired more land and spent more on
land acquisitions. Increases in land acquired are strongly associated with increases in expenditures for
land acquisitions (Pearson’s coefficient of 0.73). This merely reflects, that with more land being acquired, TNC spent more money on acquisitions.
At county-level, no relation is evident between TNC revenue from donations and land acquired (both
Pearson’s coefficients < 0.1), while a weak correlation to expenditures for land acquisition is present
(Pearson’s coefficient of 0.19). Land acquired and expenditures for land acquisition remain strongly
linearly correlated (Pearson’s coefficient 0.74).
Collectively, these results suggest, that the relational structure between revenue from donations, and
land acquired and expenditures for land acquisition, is dependent on the spatial scale at which the
relationship is explored. In this case, the correlation becomes weaker at finer spatial scales. However,
acquiring more land is strongly associated with larger expenditures at both spatial scales analyzed.

Figure 10. Correlation plots for correlations between revenue from donations, land acquired for conservation, and expenditures for land acquisition at state-level and county-level.

4.3.2 TNC revenue from donations and socioeconomic predictors
Figure 11 shows the correlations between TNC revenue from donations and socioeconomic predictors.
At state-level, TNC, in general, received a larger amount of philanthropic donations in states with
larger and wealthier populations (i.e. revenue from donations is positively correlated with wealth
measures – such as mean household income, number of household with annual incomes larger than
US$200.000, and tax liability – and population size). Also, states with a larger proportion of Democratic
voters (as a measure for liberal worldview) tended to donate more. Fewer donations were received in
states with poorer populations. Tax liability and educational level (the two predictors that will be used
as instrumental variables in the later 2SLS regression analysis) are strongly positively correlated with
revenue from donations.
At county-level shifts in the correlational structure are apparent. Wealth and populations predictors
are still positively correlated with revenue from donations, but the correlations are weaker. Similarly,
poverty predictors remain negatively correlated to revenue from donations, but correlations are
weaker than at state-level. A shift in correlations also appears in regards to tax liability and educational
level. Educational level shows the strongest correlation to revenue from donations (Pearson’s coefficient of 0.6), while tax liability is only moderately positively correlated. There seems to be no intuitive
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explanation for this shift in the correlational structure. However, the shift again emphasizes, that the
spatial scale at which analyses are performed might substantially influence analysis outcomes. Overall,
it appears that revenue from donations indeed shows strong relations to several socioeconomic predictors.

Figure 11. Correlation plots for correlations between revenue from donations and external socioeconomic
predictors at state-level and county-level.

4.3.3 TNC land acquired, expenditures for land acquisitions, land costs, and biological and risk
predictors
Figure 12 shows the correlations between TNC land acquired, expenditures for land acquisitions, and
land cost, and biological and risk predictors.
At state-level all predictor but natural land change show correlations with land acquired. Larger state
areas, larger percentages of natural land, and larger values of the biological and components are associated with more land being acquired for conservation by TNC. However, all of these correlations
are weak to moderate in strength. The land cost component is weakly negatively associated with land
acquired (i.e. with larger land costs, less land is acquired). At county-level, the correlations between
land acquired and the external predictors in general increase in strength. Natural area change is now
weakly negatively correlated to land acquired. In counties with larger expected decreases in natural
land area (i.e. in counties where natural land is lost) more land was being acquired for conservation.
This strengthening in some correlations might be due to a change in the variability of the external
predictors. For example, the natural land area is not predicted to change much for most states, however, many counties are predicted to experience strong decreases in natural land area. Similarly, the
average land costs might not vary much between states but do vary strongly between counties.
Expenditures on land acquisition at state-level are weakly positively correlated to the biological and
risk component, the land cost component, and percentage of natural land, while no correlation is evident to change in natural land.
At county-level, expenditures for land acquisition show no to weak correlations with the percentage
of natural land, predicted change in natural land, the biological and risk component, and the land cost
component.
Overall, the external predictors only show weak to moderate correlations with land acquired and expenditures for land acquisition.
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Figure 12. Correlation plots for correlations between land acquired for conservation, expenditures for land
acquisition, and external predictors at state-level and county-level.

4.4 Regression analysis (2SLS)
4.4.1 First stage: model requirements
In the first stage of the 2SLS estimation, the endogenous variables (revenue from donations, land acquired for conservation, and expenditures for land acquisition) were estimated based on external predictors at state-level and county-level. It was then checked whether the first stage estimations fulfilled
model requirements. See Appendix 5 for full results.
At state-level, the model requirements were met of both the first stage estimation of revenue from
donations, as well as land acquired and expenditures for land acquisition (i.e. the error terms of the
estimations were normally and equally distributed). 69.5% of the variation in revenue from donations
could be explained in the first stage estimation. The instrumental variables were therefore strong predictors for revenue from donations. Using the first stage estimate of revenue from donations should,
therefore, yield consistent parameter estimates in the following second stage.
27% and 31% of the variation in land acquired, and expenditures for land acquisition respectively could
be explained in the first stage estimation. The instrumental variables were therefore only weak to
moderate predictors of land acquired and expenditures. Using these first stage estimates in the following second stage might, therefore, induce a ‘weak instrumental variable bias’ (see section 3.1.2) in
the parameter estimates. However, as the model requirements are met, the parameter estimates in
the second stage should nonetheless be consistent.
At county-level, the model requirements were met for the first stage estimation of revenue from donations, but not for land acquired and expenditures from land acquisition. The latter two showed evidence of unequal variances.
52% of the variation in revenue from donations could be explained in the first stage estimation. The
instrumental variables were therefore strong predictors for revenue from donations. Using the first
stage estimate of revenue from donations should, therefore, yield consistent parameter estimates in
the following second stage.
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24% and 15% of the variation in land acquired, and expenditures for land acquisition respectively could
be explained in the first stage estimation. The instrumental variables were therefore only weak predictors of land acquired and expenditures. As the model requirements were not met (due to unequal
variances), and the instrumental variable only had a weak predictive power, using these first stage
estimates in the following second stage might induce a weak instrumental variable bias, as well as
inconsistency, in the second stage parameter estimates.

4.4.2 Second stage: estimated effects
In the second stage of the 2SLS estimation, the causal effect of revenue from donations on land acquired for conservation and expenditures for land acquisition, as well as the causal effect of land acquired for conservation and expenditures for land acquisition, was estimated at state-level and
county-level. Several models, with different confounding variables, were fitted to get an insight into
the sensitivity of the estimated effects. For an overview of fitted model see section 3.3.3 and Appendix
1.
Estimating the effect of land acquired on revenue from donations
The estimated effects of land acquired for conservation on revenue from donations at state-level are
shown in table 2 (see also figure 13).
In four of the models (“2SLS regressor only”, “State area as confounding”, “Tax liability as confounding”, and “Interaction-donor-ratio as confounding”), the 2SLS estimation results indicate a positive
effect of land acquired for conservation on revenue from donations at a significance level 0.05. In
these four models, the parameter of the effect of land acquired on revenue from donations is estimated to be between 0.23-0.8. The parameter represents the elasticity of revenue from donations to
land acquired for conservation. Therefore, the four models suggest, that a 1% increase in land acquired for conservation at state-level leads to an increase in revenue from donations between 0.250.8%. Land acquired (i.e. “2SLS regressor only”) alone was able to explain around 25% of the variation
in revenue from donations at state-level. One model (“Full model”) shows no significant effect of land
acquired on revenue from donations at a significance level of 0.1. However, it should be noted, that
the 90% and 95% confidence intervals of all models have large overlaps with each other, and also in
large parts overlap with a positive estimated effect (i.e. parameter estimates > 0). Also, the one model
showing no significant effect (“Full model”) contains a larger number of explanatory variables than
the other models, which leads to larger standard errors of the estimated parameter. Therefore, none
of the models, in fact, rejects that the effect of land acquired on revenue from donations is in positive.
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Overall, the estimated models suggest, that land acquired has an increasing effect on revenue from
donations. This effect goes beyond the possible co-occurrence with fundraising effort (represented by
the interaction-donor-ratio).
Table 2. Estimated effect of land acquired for conservation on revenue from donations at state-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.562

0.009

0.167

State area as confounding

0.667

0.019

0.176

Tax Liability as confounding

0.401

0.013

0.556

Educational level as
confounding

0.358

0.084

0.311

Interaction-donor-ratio
as confounding

0.552

0.008

0.241

Full model

0.153

0.551

0.649

Model

Figure 13. Figure shows estimated effect of land acquired on revenue from donations at state-level. Intervals in black indicate the 90% confidence intervals, while intervals in red indicate the 95% confidence intervals.

The estimated effects of land acquired on revenue from donations at county-level are shown in table
3. Only one of the models (“County area as confounding”) indicates a significant effect (at a significance level of 0.1). Land acquired alone (i.e. “2SLS regressor only”) is able to explain less than 1% of
the variation in revenue from donations at county-level. Collectively, these results suggest, that land
acquired has no substantial effect on revenue from donations at county-level.
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Table 3. Estimated effect of land acquired for conservation on revenue from donations at county-level,
based on several regression models.

Model

Estimated effect

p-value (t test)

R2

2SLS regressor, no confounding

0.61

0.001

0.001

County area as confounding

-0.799

0.015

0.061

Tax Liability as confounding

0.295

0.105

0.181

Educational level as
confounding

0.03

0.837

0.356

-0.294

0.315

0.271

Full model

Estimating the effect of expenditures for land acquisition on revenue from donations
The estimated effect of expenditures for land acquisition on revenue from donations at state-level are
shown in table 4 (see also figure 14).
In four of the models (“2SLS regressor only”, “State area as confounding”, “Educational level as confounding”, and “Interaction-donor-ratio as confounding”), the 2SLS estimation results indicate a positive effect of land acquired for conservation on revenue from donations at a significance level 0.05.
In these four models, the parameter of the effect of expenditures on revenue from donations is estimated to be between 0.25-0.75. The parameter estimates again represent elasticities. Therefore, the
four models suggest, that a 1% increase in land acquired for conservation at state-level leads to an
increase in revenue from donations between 0.25-0.75%. Expenditures for land acquisition alone (i.e.
“2SLS regressor only”) was able to explain around 30.5% of the variation in revenue from donations
at state-level. Two models (“Tax liability as confounding”, and “Full model”) show no significant effect
of expenditures on revenue from donations at a significance level of 0.1. However, it should be noted,
that the 90% and 95% confidence intervals of the estimated effect in all models have large overlaps
with each other, and also in large parts overlap with a positive estimated effect (i.e. with parameter
estimates > 0 ). Also, one of the models (“Full Model”) showing no significant effect contains a larger
number of explanatory variables than the other models, which leads to larger standard errors of the
estimated parameter. Therefore, none of the models, in fact, rejects that the effect of expenditures
for land acquisition on revenue from donations is in positive. Overall, the estimated models suggest,
that expenditures for land acquisition have an increasing effect on revenue from donations. This effect
goes beyond the possible co-occurrence with fundraising effort (i.e. interaction-donor-ratio).
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Table 4. Estimated effect of expenditures for land acquisition on revenue from donations at state-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.61

0.001

0.247

State area as confounding

0.587

0.000

0.250

Tax Liability as confounding

0.261

0.115

0.509

Educational level as
confounding

0.435

0.018

0.359

Interaction-donor-ratio
as confounding

0.637

0.000

0.348

Full model

0.095

0.59

0.649

Model

Figure 14. Figure shows estimated effect of expenditures for land acquisition on revenue from donations
at state-level. Intervals in black indicate the 90% confidence intervals, while intervals in red indicate the
95% confidence intervals.

The estimated effects of expenditures for land acquisition on revenue from donations at county-level
are shown in table 5. Three of the models (“2SLS regressor only”, “County area as confounding”, and
with “Tax liability as confounding”) indicate that expenditures for land acquisition have a significant
effect on revenue from donations at county-level at significance levels of 0.1. Two models (“Educational level as confounding” and “Full model”) indicate no significant effect. Expenditures are able to
explain less than 6% of the variation in revenue from donations. This suggests, that expenditures do
not have any substantial effect on revenue from donations at county-level. Also, the parameter estimates have not been controlled for fundraising activities (i.e. interaction-donor-ratio) as no appropriate data were available at county-level. The significant estimates in some of the models might, therefore, be due to co-occurrence with fundraising activities.
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Table 5: Estimated effect of expenditures for land acquisition on revenue from donations at county-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.644

0.008

0.059

County area as confounding

0.738

0.015

0.061

Tax Liability as confounding

0.891

0.000

0.271

Educational level as
confounding

0.295

0.149

0.368

Full model

0.031

0.221

0.473

Model

Estimating the effect of revenue from donations on land acquired
The estimated effects of revenue from donations on land acquired for conservation at state-level are
shown in table 6 (see also figure 15).
Overall, the 2SLS estimation results indicate there is no significant effect of revenue from donations
on land acquired for conservation, as none of the models show an effect of revenue on land acquired
that is significantly different from zero (at a significance level 0f 0.05 – one estimate is significant as a
significance level of 0.1). Revenue from donations alone (i.e. “2SLS regressor only”) is able to explain
only around 6.5% of the variation in land acquired for conservation at state-level. This suggests, that
there is no substantial effect of revenue from donations on land acquired at state-level.
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Table 6. Estimated effect of revenue from donations on land acquired for conservation at state-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.427

0.113

0.065

State area as confounding

0.304

0.252

0.151

Cost as confounding

0.566

0.051

0.108

Biological and risk components as confounding

0.095

0.763

0.179

Full model

-0.226

0.609

0.236

Model

Figure 15. Confidence intervals for the estimated effect of revenue from donations on land acquired for
conservation at state-level. Intervals in black indicate the 90% confidence intervals, while intervals in red
indicate the 95% confidence intervals.

The estimated effect of revenue from donations on land acquired for conservation at county-level are
shown in table 7. None of the models indicate that revenue from donations has a significant effect on
land acquired for conservation at county-level (at significance levels of 0.05 and 0.1). Revenue from
donations is, in fact, not able to explain any variation in land acquired at county-level (i.e. R2 = 0.00).
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Table 7. Estimated effect of revenue from donations on land acquired for conservation at county-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

-0.033

0.809

0.000

County area as confounding

-0.124

0.327

0.175

Land cost as confounding

0.169

0.248

0.084

Biological and risk component as confounding

-0.030

0.827

0.001

Natural area percent as
confounding

0.012

0.925

0.091

Natural area change as
confounding

0.005

0.969

0.019

Full model

-0.203

0.231

0.233

Model

Estimating the effect of revenue from donations on expenditures for land acquisition
The estimated effects of revenue from donations on expenditures for land acquisition at state-level
are shown in table 8 (see also figure 16). In three of the models (“2SLS regressor only”, “State area as
confounding”, and “Land cost as confounding”), the 2SLS estimation results indicate a positive effect
of revenue from donations on expenditures for land acquisition at a significance level 0.1 (one of these
is also significant at a significant level of 0.05). In these three models, the parameter of the effect of
revenue on expenditures is estimated to be around 0.5. As previously, the parameter estimates represent the elasticity of expenditures for land acquisitions to revenue from donations. Therefore, the
three models suggest that a 1% increase in revenue from donations at leads to a 0.5% increase in
expenditures for land acquisitions. Revenue from donations alone (i.e. “2SLS regressor only”) is able
to explain around 11% of the variation in expenditures for land acquisition at state-level. Two models
(“Biological and risk components as confounding variables” and “Full model”) show no significant effect of revenue from donations on expenditures for land acquisition at state-level at a significance
level 0f 0.1. However, it should be noted, that the 90% and 95% confidence intervals of the estimated
effect in all models have large overlaps with each other, and also in large parts overlap with a positive
estimated effect (i.e. parameters estimates > 0). Also, these two models contain a larger number of
explanatory variables than the other models, which leads to larger standard errors of the estimated
parameter (and hence a stronger tendency of estimating parameters to be insignificant). Therefore,
based on the estimated models it can in fact not be rejected that the effect of revenue from donations
on expenditures is positive. Overall, the estimated models, therefore, suggest, that revenue from donations has an increasing effect on expenditures for land acquisition.
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Table 8. Estimated effect of revenue from donations on expenditures for land acquisition at state-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.582

0.037

0.11

State area as confounding

0.545

0.06

0.117

Land cost as confounding

0.497

0.096

0.124

Biological and risk components as confounding

0.391

0.246

0.148

Full model

-0.454

0.307

0.308

Model

Figure 16. Confidence intervals for the estimated effect of revenue from donations expenditures for land
acquisition at state-level. Intervals in black indicate the 90% confidence intervals, while intervals in red indicate the 95% confidence intervals.

The estimated effects of revenue from donations on expenditures for land acquisition at county-level
are shown in table 9. None of the models indicate that revenue from donations has a significant effect
on land acquired for conservation at county-level at significance levels of 0.05 (one model indicates a
significant effect at a significance level of 0.1). Revenue from donations alone (i.e. “2SLS regressor
only” is able to explain less than 2% of the variation in expenditures for land acquisition at countylevel. Collectively, these parameter estimates suggest, that revenue from donations does not affect
expenditures for land acquisition at county-level.
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Table 9. Estimated effect of revenue from donations expenditures for land acquisition at county-level,
based on several regression models.

Estimated effect

p-value (t test)

R2

2SLS regressor only

0.177

0.157

0.018

County area as confounding

0.134

0.279

0.064

Land cost as confounding

0.189

0.173

0.018

Biological and risk components as confounding

0.161

0.203

0.027

Natural area percent as
confounding

0.204

0.1

0.055

Natural area change as
confounding

0.176

0.170

0.018

Full model

-0.133

0.418

0.140

Model
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5. Discussion
5.1 Results
5.1.1 The effect of investments in land acquisitions on philanthropic donations
One main objective of this study was to explore whether investments in land acquisition can lead to
changes in philanthropic donations. So far, research on ROI-based spatial conservation planning has
been based on the assumption that conservation funds are unaffected by how (or where) these funds
are spent. The findings of this study suggest that this assumption does not hold in practice. Instead,
acquiring land for conservation seems to have an increasing effect on philanthropic donations. This
study appears to be the first study to find such a causal effect in the field of spatial conservation
planning and conservation planning in general. What implication this finding might have for future
research and practice will be discussed in a later section.
Revenue from philanthropic donations seems to be similarly responsive to changes in land acquired
as to changes in expenditures (i.e. the estimated parameters are statistically equivalent). This suggests, that donors respond to the land acquisition itself, but do not explicitly respond to whether the
land acquired was relatively cheap or expensive. This fits well with several perspectives on the
mechanisms of philanthropic donations. From the perspective of making impacts tangible, donors donate more when impacts of their donations are tangible (Bekkers and Wiepking 2011a; James 2017;
Sgalitzer et al. 2016). Land acquisition can most likely be considered to be tangible impacts, as the
protected areas, which result from the acquisitions, are physical locations with defined boundaries.
The expenditures for these land acquisitions might be less tangible, as they are not explicitly
publicized, and land cost might vary considerable (especially as TNC often acquires land at prices lower
than the market price, due to philanthropic discounts from sellers). If donors would respond strongly
to whether cheap or expensive land was bought, revenue from donations would most likely show a
stronger elasticity (i.e. larger estimated effects) towards expenditures than land acquired. From the
perspective of raising the awareness of need, it could be assumed, that if donors had ways to directly
assess expenditures for land acquisition, they should respond stronger to expenditures than to land
acquired (as the need for donations is a financial need of covering expenses) (Bekkers and Wiepking
2011a). Again, the parameter estimates for the effect should be larger for expenditures than for land
acquired. The fact that this is not the case suggests, that donors might assess the need for donations,
or the impact of their donations, based on land acquired rather than expenditures, and that the equivalent parameter estimates for land acquired and expenditures is a consequence of the co-occurrence
of high expenditures with large acquisitions. Taking these perspectives into consideration, it seems
likely that land acquisition for conservation influences philanthropic donations through the size of land
acquired, and only indirectly through expenditures.
At county-level, no clear relation between land acquisition and philanthropic donations is present in
the data. When comparing these findings to the significant findings at state-level, two explanations
might apply: (1) the effect of land acquisitions on philanthropic donations might go beyond counties
– i.e. land acquisition affects revenue from donation across counties (e.g. for the whole state in which
land acquisitions were made); (2) the differences in estimated effects at state-level and county-level
could simply be, that too much statistical noise is present at county-level to detect any effects (even
though effects might still be present).
In regards to the first explanation, if the effect of land acquisitions on philanthropic donations goes
beyond counties, a land acquisitions in one county of a state would affect philanthropic in all other
counties of the same state. If land acquisition in one county has an equal effect on philanthropic donations of all counties in the state, the models used in this analysis will yield insignificant (or biased)
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parameter estimates at county-level, as the model is not corrected for such spatial spillover-effects
(i.e. it is not corrected for spatial auto-correlation). The aggregated effect will, however, be detected
at a state-level analysis – as is the case in this study. This explanation is also in line with the
organizational structure of TNC. Also, previous studies have shown, that willingness to pay for conservation (i.e. in this case, willingness to donate) is unaffected by the placement of conservation
investments, if the donors have no spatial preferences (Ando and Shah 2010). In this study, this perspective would, therefore, suggest, that donors have no (within-state) spatial preferences for land
acquisitions. A similar argument can be made from the perspective of raising awareness for need. The
absence of spatial preferences seems plausible from non-use motivations and mechanism of philanthropic giving (Ando and Shah 2010; Zia et al. 2014). If donors do not expect to directly benefit from
donations made, they might be more indifferent about where their donations are spent – as long as
they have an impact. In nature conservation, many people are willing to donate to causes across the
globe that they never expect to experience themselves (Horton et al. 2003; Morse-jones et al. 2012).
The second explanation implies, that a county-level effect might, in fact, be present, but is not detected due to too much noise. Increasing statistical noise with decreasing aggregation of data is a
common phenomenon observed in empirical data analysis (Clark and Avery 1976).

5.1.2 The effect of philanthropic donations on investments in land acquisitions
The second objective of this study was to determine whether philanthropic donations influence investments in land acquisition for conservation. More specifically, this study aimed at determining
whether the spatial distribution of investments in land acquisition is influenced by from where donations originate. It was found, that state-level expenditures for land acquisition are substantially affected by the revenue received from philanthropic donations. So far, research on ROI-based spatial
conservation planning has been based on the assumption that conservation funds can be distributed
freely across space, solely based on cost-effectiveness. The findings of this study suggest that this
assumption does not hold in practice. On the contrary, the spatial distribution of conservation funds
seems to be dependent on from where these funds originate (i.e. in this case, where philanthropic
donations were received). In fact, revenue from donations seems to largely determine expenditures
for land acquisitions within a state, which, in turn, determine how much land can be acquired under
given land costs.
Seemingly only one previous study has aimed at exploring the dependency of land acquisitions on
philanthropic donations in a conservation planning context. The study by Larson et al. (2016) found a
strong relationship between state-level revenue from donations and investments in land acquisition.
The authors suggested this relation could be due to the organizational structure of TNC that might
hinder a more cost-effective allocation of conservation funds by only offering limited options to transfer funds between states. However, the findings by Larson et al. (2016) were based on a regression
analysis that did not take into account possible two-way causalities. Furthermore, the study by Larson
et al. (2016) was only conducted at state-level. The findings for this study goes beyond the study of
Larson et al. (2016) in several ways. Firstly, the simultaneous equations estimation method used in
this study takes into account possible two-way causalities and therefore allows for causal inference.
Secondly, the analysis was conducted at both state-level and county-level. The findings confirm, that
the organizational structure of the TNC might indeed cause dependencies between within philanthropic donations and investments in conservation (as was suggested by Larson et al. (2016)). Broader
literature suggests that different forms of organisational self-preference might lead state chapters to
prefer spending receiving donations locally (van Houtum and van Naerssen 2002; Santos and
Eisenhardt 2005), see section 2.2.3). In the context of nature conservation, previous studies have
shown, that administrative boundaries substantially restrict distribution of conservation funds, and
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might in lead to less cost-effective conservation outcomes (Dallimer and Strange 2015; Kark et al.
2009).
The results indicate a decreasing marginal effect of revenue from donations on expenditures on land
acquisition. This suggests, that with increasing revenues, a smaller proportion of this revenue is invested in land acquisitions for conservation. Instead, this revenue might increasingly by spend on
other activities. From a conservation planning perspective, it can be expected that increasing land
acquisitions yield decreasing marginal conservation benefits (Murdoch et al. 2007) - this phenomenon
of ‘diminishing marginal returns’ it common in a broader economic context (Brue 1993). Therefore,
with increasing revenue TNC state chapters might choose to spend a larger proportion of their revenue
on other activities than land acquisition. This could also indicate, that with increasing revenue, state
chapters are increasingly able to meet the within-state need land acquisitions for conservation (i.e.
‘demand for conservation’), hence leading to a diminishing marginal return of conservation benefits.

5.1.3. External predictors of philanthropic donation and investments in land acquisition
This study found, that socioeconomic variables are strong predictors of philanthropic donations. These
findings are in line with numerous previous studies. However, it was also found that a shift in the
correlational structure appears between socioeconomic predictors and philanthropic donations when
correlations are explored at different spatial scales. It was for example found, that the correlational
strength between philanthropic donations and total tax liability decreases when moving from statelevel analysis to county-level, while the correlational strength between philanthropic donations and
educational level increases. Fovargue et al. (2018a, 2018b) found that changes in educational level has
the strongest impact on philanthropic donations at ZIP-code level, while population size (which is
closely correlated with tax liability) has none. This indicates that the observed shifts in the
correlational structure are even more substantial when comparing state-level analysis to ZIP-code
level. While the reasons for this shift might be manifold (e.g. shifts in the variability of the socioeconomic predictors), these findings emphasize that the spatial scale must be taken into consideration
explicitly when analyzing predictors for philanthropic donations.
Biological, risk, and land cost predictors were found to only be able to predict land acquisitions to a
limited degree. However, the explanatory power of biological, risk, and land cost predictors is in line
those found in previous studies (Fisher and Dills 2012; Halpern et al. 2006; Larson et al. 2016). In practice, land acquisitions for conservation, therefore, seem to only partly be based on biological, risk, and
land cost prioritization criteria. It has been suggested social factors might be used as predictors for
land acquisitions (Cowling and Wilhelm-Rechmann 2007; Knight et al. 2008). Factors that have been
suggested as predictors for land acquisitions (other than biological, risk, and land cost predictors) are
generally external to conservation work and could be factors such as such as social values (Ives and
Kendal 2014), corruption (Eklund et al. 2011), social connectivity (Mills et al. 2014), human (land) uses
and willingness to implement conservation policies (Ban et al. 2013), and consumptive and non-consumptive interests (Klein et al. 2008). This study suggests that internal factors, such as organizational
structures, might also influence the spatial distribution of land acquisitions for conservation.

5.2 Theoretical framework
The results of this study largely confirm the relations outlined in the theoretical and analytical framework (section 2.3). On the funding side, it could be shown that (1) philanthropic donations can indeed
be largely predicted socioeconomic predictors, and (2) land acquisitions for conservation do in fact
seem to affect philanthropic donations. It was not determined exactly which mechanisms drive this
effect.
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On the conservation side, biological, risk, and land cost predictors showed limited ability to predict
land acquisitions. This indicates that other factors, such as social factors, than those commonly used
prioritization criteria spatial conservation planning, substantially influence the spatial distribution of
land acquisitions for conservation. Including such social factors as predictors for land acquisitions
might substantially improve the predictive power of external predictors. The results also showed that
revenue from donations has an increasing effect on expenditures for land acquisitions (at state-level),
while not directly affecting the amount of land acquired. The process of land acquisition should, therefore, be divided into two separate steps of setting state-level budgets for land acquisitions (i.e. expenditures), followed by acquiring land for conservation under the given budget constraints. Again, it
could not be determined exactly which mechanisms drive the increasing effect of philanthropic donations on expenditures for land acquisition.
Overall, the theoretical and analytical framework of this study can be maintained. However, for future
studies, the framework can be modified in several ways: (1) the simultaneous causal relation between
philanthropic donations and land acquisitions for conservation should be divided into three parts (i.e.
philanthropic donations, budget-setting, land acquisition); (2) including social factors as external predictors of land acquisitions for conservation might substantially improve the predictive power of these
external predictors. Figure 17 shows a modified analytical framework.
Causal relations
Funding side

Mechanisms of philanthropy

External predictors
•

Socioeconomic

Conservation side

Acquisition
Philanthropic
donations

External predictors
•
•
•

Biological
Risk
Land cost

•

Social

Budget-setting
Organisational and institutional
mechanisms

Figure 17. Revised theoretical and analytical framework.

5.3 Methodology and future research
Seemingly, this study was the first shown a two-way causal relationship between philanthropic donations and investments in land acquisition. As the analysis was based on a case study of TNC, further
research is necessary to explore how these findings apply to a broader conservation context.
The organizational structure of TNC is suspected to be one factor that greatly influences the relationship between philanthropic donations and investments in land acquisitions. In a national or international conservation context, many different organizational constellations co-exist. Further research
must be made into this causal relationship under different organizational structures.
It was not possible to determine exactly which mechanisms are driving the causal relationship between philanthropic donations and investments in land acquisitions (this was also not the purpose of
the study). However, determining and understanding these mechanisms will be a crucial step towards
applying insights into the causal relationship between philanthropic donations and land acquisitions
in the practice of conservation planning.
For the analysis, data from a five-year period were aggregated and analyzed as cross-sectional data. It
was therefore not possible to determine how effects between philanthropic donations and investments in land acquisitions change over time. Again, exploring these temporal aspects might be of great
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importance for the practice of conservation planning. It is plausible, that the effect of land acquisitions
on philanthropic donations declines over time. Conservation organizations would then need to capitalize on this effect early on, in order to benefit the most.
Finally, it needs to be recognized, that the statistical model used to analyze the causal relationship
between philanthropic donations and investments in land acquisition is phenomenological and not
mechanistic. This means that the model was chosen because it fitted the data well, and it gives a good
approximation of the marginal effects. However, the model might not make good predictions of what
happens outside of the data range analyzed. For example, the model used suggests, that land acquisitions have an increasing effect on philanthropic donations infinitely13. In reality, at some point donors might not react to land acquisitions anymore, for example, because additional land acquisitions
will not make the impacts of donations more tangible if lots of land has already been acquired. Similarly, increasing donations will not lead to increased land acquisition indefinitely. Acquired land needs
to be managed, and management cost might at some point hinder further acquisitions. Also, at some
point, no further land worth conserving might be available for acquisition. Overall, further research
will, therefore, have to explore the limits of these effects. Such research would contribute to building
a more mechanistic understanding of the causal relationship between philanthropic donations and
investments in land acquisition for conservation.

5.4 Implications and recommendations
5.4.1 Research
This study found that conservation funds are in practice not fixed, nor freely distributable across
space. Taking such spatial dependencies between conservation funding and spending into account in
spatial conservation planning research might be crucial, as these dependencies can be considered
constraints under which the allocation of conservation funds takes place in practice. Including these
constraints in spatial conservation planning studies, should yield prioritization outcomes that can be
implemented more easily by conservation organizations. However, the organizational structures of
conservation organizations vary substantially, whereby spatial dependencies might also vary. Accommodating all these organizational within single studies will not be possible. Therefore, assumptions on
organizational structures underlying prioritization models in future spatial conservation planning studies should be made explicit. This would enable both conservation organizations to reflect critically
upon their own organizational structures, and create new knowledge about how these structures affect conservation outcomes.
This study also found that land acquisition for conservation might, in fact, take place in two steps: first,
the budget for land acquisitions (i.e. expenditures) is set on state-level, and then, land is acquired for
conservation. These two steps are influenced by external and internal factor differently. For example,
while setting the budget is shown to be dependent on state-level revenue from donations, acquiring
land within a state is not (once the budget is set). These pathways from budget-setting to acquiring
land might be another reason why spatial conservation planning studies have only shown limited impact on land acquisitions in practice. Studies on spatial conservation planning tend to focus on the
spatial distribution of land acquisitions for conservation (the second step) but tend to ignore that
these land acquisitions are constrained by local conservation budgets. Therefore, recognizing these
pathways might offer a practical way to include spatial dependencies of conservation funds in studies
on spatial conservation planning. For example, the findings of this study suggest, that determining the
spatial distribution of expenditures on land acquisition can be (and even should) be done separately

13

Due to the log-transformation of the data the model follows a logarithmic curve. A logarithmic curve grows
infinitely, but its derivative approaches zero (i.e. the curve flattens).
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from the spatial distribution of the land acquisitions themselves. Thereby also the prioritization process can be divided into two separate steps.
Furthermore, the spatial dependencies between conservation spending and conservation funding,
suggest, that producing conservation benefits and raising philanthropic donations could be considered
a joint optimization problem, as was already suggested by Fovargue et al. (2018a, 2018b). This could
lead to spatial conservation planning approaches that not only aim at cost-effective production of
conservation benefits but also aim at securing and improving funds for future conservation work. Due
to the decreasing marginal effect of land acquisition on philanthropic donations, this might lead to a
prioritization of acquisitions in areas where little land is already protected, and of smaller land acquisitions. It would thereby add a new aspect to ongoing debates on optimal protection area size and
placement (Armsworth et al. 2018).

5.4.2 Practice
The findings of this study might have wide-ranging implication for conservation planning in practice.
As previously mentioned (section 5.1.2), organizational structures seemingly restrict the cost-effective
distribution of conservation funds. This also means, that by revising organizational structures, conservation organizations might substantially increase conservation cost-effectiveness. Larson et al. (2016)
in their study suggested, that introducing an “internal tax” on state-level revenue from donations
would be able to increase the spending flexibility of TNC and thereby promote a more cost-effective
spatial distribution of land acquisitions for conservation. They found that with an internal tax of 10%,
an 80% increase in endemic species protected could be achieved. In this study it was found, that state
chapters with large revenues generally spend a smaller proportion on land acquisition. Therefore, a
progressive internal tax might be a suitable mechanism to increase spending flexibility within TNC and
to promote a more cost-effective spatial distribution conservation funds. Through a progressive tax,
chapters that spend a relatively small proportion of their revenue on land acquisition would bear a
larger share of the cost of redistributing conservation funds. However, it should be noted that while
introducing such internal taxes might promote cost-effective land acquisitions for conservation, it
might come at the cost of decreasing conservation activities other than land acquisitions (which might
still be of great value for conservation).
Possibly the most important finding of this study has been, that land acquisitions seem to have an
increasing effect on revenue from donations. In some cases, increases in revenue from donations, due
to additional land acquisitions, might even exceed acquisition costs. Therefore, land acquisitions might
be used to grow a conservation organization or chapter, both in terms of land acquired and in terms
of revenue. Furthermore, previous studies have found, that donors prefer their donations to be spent
on impact – such as protecting threatened species through land acquisitions - rather than fundraising
activities (e.g. fundraising campaigns) (James 2017). Acquiring land for conservation might, therefore,
be used as a way to increase conservation funds without increasing spending on fundraising activities.
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6. Concluding remarks
This study found first evidence that a two-way causal relationship between philanthropic donations
and investments in land acquisition for conservation exists. More specifically, it was found that land
acquisitions can have an increasing effect on philanthropic donations, while philanthropic donations
might influence the spatial distribution of investments in land acquisition. These findings contradict
current assumptions of fixed and freely distributable conservation funds, currently underlying spatial
conservation planning approaches. Further research into these dynamics might be of great value for
nature conservation in practice. By gaining insights into internal and external factors that influence
the spatial distribution of investments in land acquisition, conservation organisations might be able to
revise their organisational structures and processes to improve cost-effectiveness of conservation
spending. By better understanding how land acquisitions (or other conservation measures) influence
conservation funding (e.g. through the increasing philanthropic donations), conservation organisations might be able to meet both conservation objectives, while also increasing future funding and
support for conservation. Both an increase conservation cost-effectiveness and an increase in future
conservation funding will be necessary to halt or slow-down the current global decline in biodiversity.
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Appendix 1 – Models fitted
The following tables show the different variation of the 2SLS model fitted. All model contain the 2SLS
regressor (that is estimated based on the instrumental variables). The models only vary in confounding variables included.

State-Level
Table I: Overview of external and confounding variables included in estimating the effect land acquired
and expenditures from land acquisition on revenue from donations at state-level.
Model name

External and confounding variables included

2SLS regressor only

None

State area as confounding

State area

Tax Liability as confounding

Tax liability

Educational level as confounding

Educational level

Interaction-donor ratio as confounding

Interaction-donor ratio

Interactions as confounding

Number of interactions

Full model

State area, tax liability, educational level

Table II: Overview of external and confounding variables included in estimating the effect revenue from
donations on land acquired and expenditures for land acquisition at state-level.
Model name

2SLS regressor only
State area as confounding
Land cost as confounding
Biological and risk components as confounding
Full model
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External and confounding variables included
None
State area
Land cost component
Biological and risk components
State area, land cost component, biological
and risk components
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County-level
Table III: Overview of external and confounding variables included in estimating the effect land acquired
and expenditures on revenue from donations at county-level.
Model name

External and confounding variables included

2SLS regressor only

None

County area as confounding

County area

Tax Liability as confounding

Tax liability

Educational level as confounding

Educational level

Full model

State area, tax liability, educational level

Table IV: Overview of external and confounding variables included in estimating the effect revenue from
donations on land acquired and expenditures for land acquisition at county-level.
Model name
2SLS regressor only
County area as confounding
Cost as confounding
Biological and risk component as confounding
Natural area percent as confounding
Natural area change as confounding
Full model
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External and confounding variables included
None
County area
Land cost component
Biological and risk component
Natural area percent
Natural area change
County area, land cost component, biological
and risk components, natural are percent,
natural area change
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Appendix 2 – Histograms at county-level

Figure I: Histograms of county-level revenue from donations (un-transformed and log-transformed).

Figure II: Histograms of county-level land acquired for conservation, and expenditures for land acquisition
(untransformed and log-transformed).
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Appendix 3 – Data reduction using PCA
This appendix outlines the full results of the PCA. Before the analysis was performed, two model assumptions had to be checked: whether multiple variables are linearly related to each other, and
whether the sample sizes were adequate for the analysis.

PCA Model assumptions
Socioeconomic predictors
The scatterplots for the socioeconomic predictors show either linear or no relationships between the
predictors on both state-level and county-level, while no non-linear relationships are evident (see Appendix 4). The KMO test outcomes at state-level and county-level are 0.66 and 0.7 respectively14. All
requirements for analysing the socioeconomic predictors using PCA are therefore fulfilled.
Biological and risk predictors
No non-linear relationships between biological and risk predictors are evident from the scatterplots
(see Appendix 4). The KMO test outcomes at state-level and county-level are 0.79 and 0.68 respectively. All requirements for analysing the predictors using PCA are therefore fulfilled.
Land cost predictors
The scatterplots for the two land cost predictors show that the two land cost predictors seems linearly
related both on state- and county-level (see Appendix 4). The Pearson’s correlation coefficients of 0.91
on state-level, and 0.77 on county-level, show that the predictors are strongly correlated. Based on
the clear linear relationships, and the strong correlations, all requirements for analysing the predictors
using PCA are fulfilled.

PCA results
Socioeconomic predictors
At state-level socioeconomic predictors were reduced to three socioeconomic components, collectively explaining 90.3% of the variation in the predictors (table V). Relative wealth predictors (such as
mean household income and number of households with annual incomes over US$200.000, and employment rate) and educational level correlate strongly with the first component, population size and
total tax liability load highly on the second component, and politics and family size load highly on the
third component (table VI).
Also at county-level the socioeconomic predictors were reduced to three components, explaining
74.9% of the variation in the predictors (table VI). At county-level the correlations of the predictors
with the three components resemble those on state-level, however, the associations are less strong
(table VII).
Overall, these results suggest, that the socioeconomic predictors used in this study can be divided into
three distinctive components: the first group consisting of predictors related to educational level and
per capita income (mean income), the second group related to population size and cumulative income
(i.e. tax liability), and the third group being related to political world view and average family size.
In the 2SLS regression analysis, the predictors ’tax liability’ and ‘educational level’ will be used as instrumental variables for revenue from philanthropic donations. These two predictors represent the
14

The KMO-test tests whether sufficiently strong correlations for a PCA are present between variables. As only
two land cost predictors are present, and these are strongly correlated, a KMO-test is not needed.
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first and second socioeconomic component. The two predictors can therefore be assumed to represent a large proportion of general socioeconomic variation between states and between counties.
Table V. Overview of principal components for socioeconomic predictors

State-level
County-level
Principal component
PC1
PC2
PC2
PC1
PC2
PC2
Eigenvalue
2.216 1.744 1.038 2.09 1.342 1.154
Proportion of variance
0.491 0.304 0.108 0.435 0.18
0.133
Cumulative proportion on variance 0.491 0.795 0.903 0.435 0.615 0.749

Table VI. PCA component loadings for socioeconomic predictors at state-level.

logTaxLiability
logEmployed
logHouseholds10
logHouseholds200
logHouseholdsMean
logPovertyPercent
logEducation
logFamilySize
logPopulation
logPolitics

PC1
0.150
0.329
-0.392
0.395
0.427
-0.396
0.410
0.031
0.059
0.211

PC2
-0.511
0.314
-0.193
-0.223
-0.126
-0.228
0.062
-0.412
-0.536
-0.149

PC3
-0.021
0.180
-0.210
-0.020
0.039
-0.016
-0.017
0.563
-0.012
-0.776

Table VII. PCA component loadings for socioeconomic predictors at county-level.

PC1
logTaxLiability
-0.143
logEducation
-0.349
logFamilySize
-0.057
logPovertyPercent
0.377
logEmployed
-0.343
logHouseholds10
0.374
logHouseholds200
-0.431
logHouseholdsMean -0.463
logPopulation
-0.224
logPolitics
-0.041
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PC2
0.531
0.089
0.387
0.368
-0.158
0.286
0.103
0.001
0.541
0.113

PC3
-0.184
-0.222
0.625
-0.072
-0.010
-0.144
-0.055
0.071
0.049
-0.698
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Biological and risk predictors
At state-level the species related biological and risk predictors were reduced to three biological and
risk components, collectively explaining 82.9% of the variation in the predictors (see table VIII). All
predictors correlate approximately equally strong with the first component, indicating that the first
component represents general species richness and general occurrence on species at risk (see table
IX). Mammal and amphibian count predictors, and mammal and reptiles at risk predictors correlate
strongly with the second component, while reptiles at risk also load highly on the third component.
No clear interpretation seems apparent for these two components, other than that they compensate
for variation predictors, which was not represented in the first component.
At county-level species related biological and risk predictors were reduced to one biological and risk
component, explaining 68.5% of the variation in the predictors15. All predictors correlate approximately equally strong with the component, suggesting that the component represents general species
richness and occurrence on species at risk (see table X).
The PCA showed that both at state-level and county-level biological and risk predictors of investments
in land acquisition can be reduced to one component, representing general species richness and occurrence of species at risk in a state of county. At state-level, two additional components were identified. These seem to compensate for state-level variation in species richness and occurrence of species at risk not represented in the first component. In the later 2SLS regression analysis, the biological
and risk components will be used as instrumental variables for land acquired and expenditures for
land acquisition (at both state-level and county-level).
Table VIII: Overview of principal components for biological and risk predictors

Principal components
Eigenvalue
Proportion of variance
Cumulative proportion on variance

PC1
2.638
0.58
0.58

State-level
PC2
PC2
1.394
1.024
0.162
0.087
0.742
0.829

County-level
PC1
1.656
0.685
0.685

Table IX. PCA component loadings for biological and risk predictors at state-level.

logNatureServe_Species_Count
logNatureServe_Reptiles_Count
logNatureServe_Amphibians_Count
logNatureServe_Birds_Count
logNatureServe_Extinction_Total
logNatureServe_Mammals_Count
logNatureServe_Plants_Count
NatureServe_Reptiles_Risk
NatureServe_Amphibians_Risk
NatureServe_Birds_Risk
NatureServe_Mammals_Risk
NatureServe_Plants_Risk

PC1
0.365
0.284
0.244
0.293
0.286
0.256
0.359
0.127
0.312
0.302
0.235
0.317

PC2
0.050
-0.224
-0.445
0.193
-0.226
0.477
0.131
-0.374
0.195
0.037
-0.430
0.220

PC3
-0.129
-0.356
-0.293
0.051
-0.301
0.106
-0.030
0.701
0.138
-0.005
0.327
0.213

15

The PCA of biological and risk predictors at county-level was based on a different set of predictors than at
state-level – the PCA results are therefore not directly comparable.
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Table X. PCA component loadings for biological and risk predictors at county-level.

logIUCN_Total
logIUCN_Threatened
logNatureServe_Threatened
logESA_Threatened

PC1
0.434
0.516
0.558
0.482

Land cost predictors
At state-level the land cost predictors were reduced to one land cost component explaining 95.3% of
the variation in the two predictors. Both land cost predictors correlate equally strong on the component (table XI and XII).
Also at county-level the land costs predictors could be reduced to one land cost component explaining
88.7% of the variation in the predictors. Again, both predictors load equally strong on the component
(table XI and XIII).
At both state-level and county level, the two land cost predictors could be reduced to one land cost
component, representing estimated land costs for conservation land. In the 2SLS regression analysis
the land cost components will be used as instrumental variables for land acquired and expenditures
for land acquisition.
Table XI: Overview of principal components for land cost predictors

Principal components
Eigenvalue
Cumulative proportion on variance

State-level
PC1
1.381
0.953

County-level
PC1
1.332
0.887

Table XII. PCA component loadings for land cost predictors at state-level.

PC1
logWithey_CostprHA 0.707
logNASS_CostprHA
0.707

Table XIII. PCA component loadings for land cost predictors at state-level.

logNASS_CostprHA
logWhitey_CostprHA
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PC1
0.707
0.707
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Appendix 4 – Scatterplots and correlation plots
The following graphs show scatterplots (lower left half of the plot) and Pearson’s correlation coefficients (upper right half of the plot) of the external predictors at state-level and county-level. Redundant variables (with correlation coefficients of 1) were removed before conducting the PCA.

State-level
Socioeconomic predictors
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Biological and risk predictors

Land cost predictors
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County-level
Socioeconomic predictors
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Biological and risk predictors

Land cost predictors
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Appendix 5 – First stage estimation results
The following sections describe the outcomes of the first stage estimation of the endogenous variables based on the instrumental variables.

First stage estimation of TNC land acquired and expenditures for land acquisition
TNC land acquired and expenditures for land acquisition state-level were predicted using the external
predictors state area, the land cost component, the three biological and risk components, educational
level, and total tax liability. Using these predictors, 27% of the variation in land acquired, and 31% of
the variation in expenditures could be explained. The explanatory power of the external predictors is
therefore weak to moderate. However, the explanatory power of the external predictors lays within
the range found in other studies (Fisher and Dills 2012; Larson et al. 2016). The external predictors
therefore predict land acquired for conservation and expenditures for land acquisition as good as
could be expected. The QQ-plots for both models indicate, that the error terms of the models are
close to normally distributed16 (figure III). The p-values of the Breusch-Pagan test of 0.317 (for land
acquired) and 0.164 (for expenditures) show that there is no proof of unequal variances. At state-level
the model requirements are therefore met (the requirements being substantial explanatory power of
the external predictors, normally distributed error terms, and equal variance). Using these first stage
predictions should therefore yield consistent estimation results when used in the second stage of the
2SLS estimation.

(a)

(b)

Figure III. QQ-plots for first stage estimation of land acquired (a) and expenditures for land acquisition (b)
at state-level

At county-level TNC land acquired and expenditures for land acquisition were predicted using the external predictors county area, the land cost component, the biological an risk component, percentage
of natural land cover, change in natural land cover, educational level, and total tax liability. Using these
predictors, 24% of the variation in land acquired, and 15% of the variation in expenditures for land
acquisition could be explained. The explanatory power of the external predictors is therefore rather
weak (especially for expenditures). However, again, the explanatory power of the external predictors
lays within the range found in other studies. The external predictors therefore predict land acquired
for conservation and expenditures for land acquisition as good as could be expected. The QQ-plots
indicate, that the error term of the first stage estimation of land acquired is close to normally distributed (figure IV). The error term of the first estimation of expenditures for land acquisition are seemingly not normally distributed (the points form an arch). The p-values of the Breusch-Pagan test of

16

Points lay approximately on a straight line
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0.001 (for land acquired) and 0.023 (for expenditures) indicate that unequal variances might be present. At county-level, the model requirements are therefore not met, as the explanatory power of the
external predictors is rather weak, and unequal variances in the error term might be present. Using
these first stage predictions might therefore cause inconsistent and biased estimation results when
used in the second stage of the 2SLS estimation. At county-level, the estimation results of the 2SLS
estimation should therefore be used with utmost care.

(a)

(b)

Figure IV. QQ-plots for first stage estimation of land acquired (a) and expenditures for land acquisition (b)
at county-level.

First stage estimation of revenue from donations
At state-level 69.5% of the variation in revenue from donations could be explained using the external
predictors (figure V). The explanatory power of the external predictors is strong. The QQ-plot of the
model residuals indicates that the residuals are normally distributed. The Breusch-Pagan test yields a
p-value of 0.269. There is therefore no indication of unequal variance. At state-level the model requirements are therefore met. Using these first stage predictions should therefore yield consistent
estimation results when used in the second stage of the 2SLS estimation.
At county-level 52% of the variation in revenue from donations could be explained using the external
predictors. The explanatory power of the external predictors is strong. The QQ-plot of the model residuals indicates that the residuals are normally distributed. The Breusch-Pagan test yields a p-value
of 0.291. There is therefore no indication on unequal variance. At county-level, the model requirements are therefore met. Using these first stage predictions should therefore yield consistent estimation results when used in the second stage of the 2SLS estimation.

(a)

(b)

Figure V. QQ-plots for first stage estimation of revenue from donations at state-level (a) and county-level
(b).
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