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Abstract

The challenge of using limited funds to protect biodiversity has motivated much im-
portant research. One important line of work has been based upon the Noah’s Ark
metaphor developed by Weitzman (1998). I summarize the main criticisms of that
model and use those to develop heuristically a new variation of that model. That new
policy ranking model includes ecological value and diversity as well as the economic
benefits and costs and probability of successful protection that Weitzman used. I
demonstrate the model with an example of two policies intended to enhance Keola-
deo National Park in India, and conclude by discussing how the example highlights
the importance of the interactions of all five of those aspects.

Keywords

Biodiversity, Noah’s Ark, Natural Capital, Conservation

1. Introduction

A wide variety of analyses demonstrate that biodiversity is currently declining and will
continue to decline through this century [1], and a recent study [2] concluded that bio-
diversity intactness has fallen below boundary thresholds in many terrestrial biomes
and terrestrial biodiversity hot spots. Although both developed and developing coun-
tries have agreed to increase dramatically their funding for biodiversity protection by
over $10 billion annually [3], that financial support is far less than the $76 billion an-
nually that McCarthy et al. [4] concluded was necessary. That is also far less than the
$93.3 billion (in 1990 dollars) annual cost of moving 10% of the world’s forest and
agricultural lands into ecological preserves, a likely target for protecting biodiversity [5].
I address the policy challenge of picking the right quantity of the right components of
biodiversity to save with limited funding.

The understanding that valuing various bits of biodiversity is a complex endeavor is

not new, even for economists. One hundred years ago Gray [6] identified one of the
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core issues in conservation economics as: “What is the criterion of social value?” Van
der Ploeg, Braat, and Van Lierop [7] framed the relevant question as: how do and how
well do economic models and ecological models integrate the other’s perspective of
value and methodologies? A little bit later in a lecture reviewing the role of economics
in protecting biodiversity, Gowdy [8] emphasized: “T'o formulate policies to protect
biodiversity, it is critical to broaden the standard economic view to include environ-
ment-economy interconnections, irreversibility, and the environmental context of spe-
cific resources.” At about the same time in a review of economic models for the Ameri-
can Society of Zoologists, Norgaard [9] noted: “the process of [biodiversity] loss is in-
timately related to human beliefs that the world is a very simple system which people
can control, is very resilient to human interaction, and has infinite potential for human
exploitation through new knowledge and technologies.” So, economists have not been
shy in recognizing the importance of trying to integrate economic and ecological con-
cerns.

But it is not clear that economists have been successful in this effort. At first blush,
the fact that Bartkowski et al’s [10] analysis of the biodiversity valuation literature
yielded a sample of 123 studies that empirically valued biodiversity implies that econo-
mists have been making progress. Yet, Farnsworth et a/. [11] concluded that only 9 of
those studies valued biodiversity as scientists define it rather than valuing the natural-
ness of the ecosystem or some component of the ecosystem. While both Bartkowski et
al. [10] and Farnsworth ef al. [11] might disagree with how Waldron et al [12] defined
how underfunded countries’ biodiversity protection measures might be, both sets of
analysts would agree that improving such measures would allow the limited biodiversi-
ty protection funding to be directed most efficiently.

Consistent with that motivation, I develop a model that follows from Weitzman’s [13]
Noah’s Ark perspective of this policy challenge. Derived from the Abrahamic religious
traditions ( 7orah Book of Bereshit, Bible Book of Genesis, and Qur’an Surah 11), the
metaphor follows from the belief that God destroyed the world by flooding it with the
exception of the people, animals, and plants Noah saved in the Ark. Weitzman [13] first
has Noah calculating the ratio of incremental benefits to incremental costs for species
and then loading the ark such that the species that enters next has the highest ratio of
benefits to costs. Although the ark is filled before all possible species can enter, due to
the point that the ecological and economic benefits of biodiversity jointly increase with
diminishing returns [14] this procedure ensures that Noah saves only the most valuable
species. In a pragmatic variant of this exercise, Fuller et a/ [15] determined that Aus-
tralian conservation efforts could be improved per dollar spent by selling the lands with
low ratios of benefits to costs and using (only) those funds to buy unprotected areas
with higher ratios of benefits to costs. Similarly, Banks-Leite et al [16] demonstrate a
cost-effective strategy for identifying the appropriate amount of land set-asides in the
Brazilian Atlantic Forest. So, even if there literally is no Noah identifying which species
to save there is a general recognition of the value of maximizing the benefits from the

spending of limited protection funds.
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I begin by summarizing the main criticisms of that model, and then I use those cri-
tiques to develop heuristically a new variation of that model. That new policy ranking
model includes ecological value and diversity as well as the economic benefits and costs
and probability of successful protection that Weitzman used. I demonstrate the model
with an example of two policies intended to enhance Keoladeo National Park in India,
and conclude by discussing how the example highlights the importance of the interac-

tions of all five of those aspects.

2. Initial Discussion of the Noah’s Ark Model

Equation (1) below represents Weitzman’s [13] ranking (R) of species 7in terms of the
value per cost of saving that species (C). The term AP represents the change in the
probability of the survival of that species as a result of the policy. Its inclusion allows for
trade-offs between the benefits of a policy and the likelihood of the policy being suc-
cessful [17], which Weitzman [18] demonstrates with an intriguing pedagogical exam-
ple involving the crane family (Gruiformes gruidae). U, represents the utility gained
from the species, which is a measure the use value of the species. D, represents the ge-
netic distinctiveness of the species, a measure intended to capture the option value (the

benefits that might flow from the species in the future).
Ri:[UiJrDi]A_Pi (1)
Ci

AP is small enough that it does not affect the probabilities of the survival of other
species [13]. As (for example) Wardle et al. [19] stress, biodiversity changes are not just
about the loss of a single species; they lead to complex ecological changes that in turn
drive gains for some species and losses for others. Thus, this convenient assumption
builds into the model vulnerability to the criticism that economists tend to represent
very poorly the important ecological themes of complexity, interrelatedness, feedbacks,
and irreversibility [20] [21]. But, this particular simplification is not the only common
one.

Another simplification is the use only of use and option values to assess the econom-
ic value of a species when broader measures are available. For example, Krutilla [22]
emphasized that the irreproducibility of natural phenomena and the irreversibility of
the decisions that affect ecosystems will create nonuse values. Also, it is important to
include social, cultural, and religious values (e.g., Thompson and Starzomski [23],
Bryan et al. [24], Rutte [25], and Daniel et al [26]) and the value of ecosystems services
(e.g., Kareiva ef al [27] and Atkinson, Bateman, and Mourato [28] (2012)). It seems
clear that the better choice for economic value is total economic value [29], as that does
not arbitrarily limit the analysis to a select set of value sources.

A different common simplification is to replace both numerator terms in Equation
(1)—the measure of economic value and the change in the probability—with a single
measure of ecological value. This step is intended to incorporate a measure of biodiver-
sity value independent of its value to humans as well as to implicitly assume that the

protection policies will be successful. Generally speaking (see the review of nine of these
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strategies by Brooks et al. [30]), these “hot spot” analyses identify ecologically rich areas
and then allocate funding for preservation efforts in a manner that minimizes diversity
losses per dollar spent. For example, Dinerstein and Wikramanayake [31] conducted an
analysis for the Indo-Pacific region, Myers ef al’s [32] identified international ecologi-
cal hotspots, and Withey et al [33] ranked all of the counties in the conterminous U.S.
by their conservation potential.

In another variant, Perry [34] replaced [Ui + Di] in Equation (1) with ecological
importance, leaving the probability term in the equation. He used Equation (2) below
as an example measure of the ecological importance of a species (A). It increases as the
number of species in the 7 species function group (F) decreases and as the number of

species affected by the # species’ function (V) increases.

M. _\/'\Ti (2)

Farnsworth ef al [35] propose an alternative ecological valuation methodology, one
based on ecological complexity. To measure that concept, they proposed to examine
how a food web’s ecosystem functions (e.g., biomass and inter-trophic energy flows) are
reduced when a species is removed from the web. Owen [36] proposes another ecolog-
ical measure, a measure of species uniqueness that is not conceptually dissimilar from
Weitzman’s [13] [17] [18] genetic distinctiveness. All three of these measures of eco-
logical value are consistent with the point that several important studies have featured
benefit measures other than the anthropomorphic measures economists use.

A more crucial simplification explicit in the Noah’s Ark model to this point arises
from the abstraction away from the concept of diversity. Consider E.O. Wilson’s [37]
popular definition of biodiversity: “[ A]ll hereditarily based variation at all levels of or-
ganization, from the genes within a single local population or species, to the species
composing all or part of a local community, and finally to the communities themselves
that compose the living parts of the multifarious ecosystems of the world.” Expanding
upon that definition Naeem, Duffy, and Zavaleta [38] describe seven different relevant
forms of such variation: taxonomic diversity, phylogentic diversity, genetic diversity,
functional diversity, spatial or temporal diversity, interaction diversity, and landscape
diversity.

A common measure of variation as the basis for biodiversity builds upon Hill’s [39]

definition of gamma diversity (overall diversity) as:

s
;‘Dz(z fqu : (3)

where the 7 =1 to S species have relative abundance equal to £. There is no special sig-
nificance to the choice of g, but three values are linked to different commonly used di-
versity indices (g = 0 to species richness, ¢ =1 to the Shannon index, and ¢ =2 to the
Simpson index). Although gamma diversity can be partitioned into alpha diversity
(within-location diversity) and beta diversity (between-location diversity) (see, e.g.

[40]-[42]), Socolar et al [43] summarize the challenges with using beta diversity as a
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guide for species protection policy. As a simple example, consider the loss of an apex
predator with a range that extends across several locations. The dynamics related to
that loss could affect the alpha and beta diversities across all of those locations in a va-
riety of ways. There might even be repercussions across other locations to that extent
that species affected by the introduction have ranges outside the range of the intro-
duced apex predator. While other diversity measures have been proposed (e.g., zeta di-

versity [44]), it makes the most sense to stick with a standard diversity measure [45].

3. Heuristic Development of a Broader Model for Noah

Implicit in the discussions reviewed in the previous section is the common theme for
analysts to focus on only one aspect or a very limited number of aspects when analyzing
biodiversity policy. Analysts often (a) focus on species’ economic or (b) ecological val-
ues or (c) work with diversity measures and (d) they may or may not consider the costs
of the policy and (e) they may or may not consider the probability of policy success. To
Weitzman’s [13] credit, he rigorously developed the Noah’s Ark model to consider
three of those five aspects. The key goal in this section is to build upon that strong
framework and add the missing components.

It can be seen in the previous paragraph that there are two bifurcations within ana-
lytical styles. One bifurcation is at the choice of using valuation or diversity measures
and the second occurs at the choice of using economic valuation or ecological valuation.
To the extent that double or triple counting can be avoided, these two binary decisions are
rather arbitrary when one can simply multiply the relevant values [46]. This process al-
lows a large change in one factor to offset a small change in other factors. That is the basis
for the product of value and probability in the numerator of the original Equation (1).

The figurative starting point for this metaphor is to ask, what is Noah viewing as po-
tentially entering that Ark? In a more realistic world, Noah is not looking at individual
species but is instead looking at individual policies with the likelihood that each policy
will affect many species and locations. So, in what follows, the subscript 7 will index the
1, ..., Ndifferent biodiversity policies that Noah must consider and the ranking will be
assessed upon the changes due each policy. This change is more important than a subtle
notation shift as it allows for the consideration of the interactions between species
across various habitats that ecologists have been encouraging.

Another notational consideration is that all of the valuation measures described be-
low will be in present value terms even though the notation is not explicit in that point.
This consideration is consistent with the over 100 years of the economic practice of
factoring temporal dynamics into resource conservation analysis [6] as well as being
consistent with the ecological perspective [47] [48]. Finally, given his divine guidance,
Noah is able to optimize across all possible orderings of policy implementation so as to
load the correct sequence of policies into the Ark. The analysis of the optimal present
value methodology and sequencing algorithms are left for other forums.

Equation (4) below gives the ranking (R) of policy 7 in terms of its marginal value

and likely success (P) relative to its cost (C). It builds upon Weitzman’s [13] original
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suggestion although economic value is assessed with economic value (ATEV,) [29]
and it adds ecological value (AM,) and gamma (overall) diversity (A fDi) .
)
R =(ATEVi)(AMi)(A;‘Di)E' (4)
i
While this straight-forward extension is a response to several important criticisms of
Weitzman’s [13] model, it does not address all of Mainwaring’s [49] criticisms. One of
Mainwaring’s [49] concerns was that this approach is rarely possible as the data are
rarely available. Consequently, in the next section I develop an example to demonstrate
that the approach is useful, both in terms of guiding policy makers and in terms of hig-

hlighting the research needs that would improve policy decisions.

4. Example

Consider two different policies intended to enhance the bird population at Keoladeo
National Park (KNP) in Rajasthan, India. The first policy is to allow the water of the
Gambhir River to flow freely instead of being impounded for irrigation purposes by the
Panchana Dam; Frank [50] summarizes the issues related to this impoundment. For
this example, assume that the status quo imperils half of the 9.6 km? of wetlands (4.8
hectares) in KNP [51]. The second policy is to compensate farmers near KNP for vo-
luntarily maintaining satellite wetlands on their property. About 42.5 km’® of satellite
wetlands appear to be usable as agricultural fields [52]. To be consistent with the other
policy, assume that compensating farmers will prevent the conversion of half of those
wetlands (2120 hectares).

The first policy is intended to help the revival of the Siberian Crane (Grus leucoge-
ranus) in KNP. The potentially extinct central Siberian Crane population nested in
western Siberia and wintered in India, particularly at KNP because it requires wetlands
apart from humans for nesting, feeding, and roosting [53]. The successful reintroduc-
tion of the Whooping Crane [54] suggests that it might be possible to reintroduce the
Siberian Crane to this flyway. The largest Siberian Crane population in KNP was 41
[51], so assume that the population would increase to 10 cranes from zero. Because it
does not alter the proximity of farmers to their lands, the policy of compensating far-
mers to maintain the satellite wetlands will not improve the viability of the Siberian
Crane.

The second policy is intended primarily to benefit the Indian Sarus Crane ( Grus An-
tigone). In contrast to the Siberian Crane, the Sarus Crane tends to be non-migratory in
India and it utilizes human-dominated wetlands; as will be noted later the farmers in
this region do not grow rice, so the crane’s use of rice paddies is irrelevant here [55].
Lacking information about the number of Sarus Cranes, assume that the increase in
them due to protecting the Gambhir River flow will be four times the increase in Sibe-
rian Cranes (so to 40) and that the same number (40) will not be lost if the satellite
wetlands are protected.

To broaden this example beyond those two cranes, the impact of those policies upon

the Greater Spotted Eagle (Clanga clanga) will be examined (and by implication the
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impacts upon other species will be ignored for the sake of simplicity). This migratory
eagle breeds in northern Europe and western Asia, and it winters in India where it relies
upon a mosaic of lowland forests near wetlands with a minimum of permanent human
presence [56]. There were 6 Greater Spotted Eagles in KNP in 2004-2005 [52]. Assume
that the status quo’s combination of lost wetlands in KNP and lost satellite wetlands
would lead the total disappearance of this eagle from this area, and by restoring the
Gambhir’s flow half of those eagles (3) could be saved and protecting the satellite wet-
lands would also save half (3) of them.

The total annual economic value of the policies will be simplified to represent three
components: the direct gain in consumer surplus for the tourists, the indirect benefits
gained the local community, and the gain in wetland services. The omission of exis-
tence value is discussed in the concluding section. Chopra [57] estimated that there is a
consumer surplus gain of $5 per (Indian and foreigner) visitor to KNP and Chopra and
Adhikari [58] estimated that there is a minimum indirect income gain to the commu-
nity of 12 times the gate fees collected. Recently there were 45,000 foreign tourists who
paid gate fees of $4 and 55,000 Indian tourists who paid gate fees of $1 [59]. Russi et al.
[60] estimate that each hectare of inland wetland annually provides $1000 of ecosystem
services. The changes in total economic value for the two policies are presented in Ta-
ble 1.

Table 1. Summary of policies’ rankings.

Paying Farmers to

Restoring Gambhir River Flow .
Protect Satellite Wetlands

[($5)(100,000)] [($0)(100,000)]
ATEV, = ADirect, + Alndirect + [($48)(45,000)+($12)(55,000)] + [($0)(45,000)+($0)(55,000)]
+ AEcosystem, + [(31,000)(480)] + [(81,000)(2,120)]
= $500,000 + $2,820,000 + $480,000 = $0+ $0 + $2,120,000
= $3,800,000 = $2,120,000

[@,@] [@,@]

3 2 2 2
[ Jaog  ao7 ] [\/40 Jao07 ]
N A9 VAU A0S val7
AM, = z [A VF i ] 1 1 1 1
Affected
gl 5 +[ Va9 o] +[«/408 ~ 0]

1 1
=-3.3+0.0+20.2 =0.0+0.0+20.2
=169 =20.2

A'D, 2.0 1.0
P 0.1 0.4
CI $7,400,000 $1,100,000
o [128648124) ) [42900666) (04)
R =(ATEV,)(AM,)(A jD‘)E' 7400000 1100000 )*
‘ =(17.4)(0.) =1.7 =(39.0)(0.4)=15.6
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For simplicity in this example, consider Perry’s [34] definition of ecological impor-
tance (Equation (2)) using the number of birds in KNP as &, Under the status quo, and
so assuming no Siberian Cranes or Greater Spotted Eagles, there would be 407 birds
identified with KNP [61]. The policy of restoring the Gambhir River’s flow would in-
crease the total number of birds from 407 to 409 while the policy of protecting the sa-
tellite wetlands would increase the number to 408. Two of the birds identified with
KNP are migratory cranes (Grus grus and Anthropoides virgo) that would be in the
same function group as the Siberian Crane; as the only resident crane the Sarus Crane
would be the only resident member of its function group; and the Greater Spotted Eagle
is the only migratory member of the spotted eagle genus in KNP (Clanga hastata is res-
ident) [61]. So, restoring the Gambhir River’s flow would increase the number of
members of the Siberian Crane’s function group, not affect the Sarus Crane’s function
group members, and create a function group for the Greater Spotted Eagle. Protecting
the satellite wetlands would not affect either Crane’s function group but would create
one for the Greater Spotted Eagle.

Setting the parameter g to zero for gamma (overall) diversity is attractive for the
purposes of this example as  °D; equals the number of species in the habitat [39]. Res-
toring the Gambhir River’s flow would allow for the reintroduction of the Siberian
Crane and the protection of the Greater Spotted Eagle, so relative to the status quo
gamma diversity increases by 2. Protecting the satellite wetlands would protect only
protect the Greater Spotted Eagle, so the gamma diversity increases by 1 relative to the
status quo.

For the sake of calculation, the probabilities of the policies being successful are as-
signed rather arbitrarily. In particular, the probability of the policy of successfully im-
plementing a program of paying farmers not to convert wetlands seems more likely to
succeed than the probability of successfully undoing a program in which politicians
chose to build the Panchana Dam and impound the Gambhir River’s water. Further, if
the goal of the program is to encourage the re-introduction of the Siberian Crane as the
motivations have been described here, then the success of that aspect depends upon
successfully preventing the hunting of the cranes along the flyway in between Siberia
and India. This policy does not address the measures necessary to ensure that protec-
tion. So, the probability of success for restoring the Gambhir River’s flow was assigned
to be 0.1 and then the probability of success for protecting the satellite wetlands was
chosen to be four times as likely (0.4). As is evident in Table 1, for these probabilities to
affect the relative ranking of these two policies, the likelihood of successfully restoring
the Gambhir River’s flow would actually have to be greater than the likelihood of suc-
cessfully protecting the satellite wetlands, a very unlikely outcome given the political
situation.

The details and references for the assessment of the policies’ costs are in the “Appen-
dix for Example” section. The costs of restoring the Gambhir’s River’s flow would be
the loss of farming profits from the Panchana Dam’s command area net any increase in

profits for farmers further downstream. Due to their ability to access irrigation water,
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the farmers in the command area appear to have shifted their Rabi (dry season) crops
away from wheat, barley, and gram towards the more valuable mustard. They also ex-
panded the area they farmed. The resulting increase in agricultural revenues of $7.4
million per year in the command area is a reasonable assessment of the cost of restoring
the Gambhir River’s flow. The opportunity costs of protecting the satellite wetlands
would be reflected in the payment that would have to be made to the relevant farmers,
and those payments would reflect the foregone profits from farming the converted
lands. To estimate those payments, assuming again that half satellite wetlands would be
converted, additionally assuming that all of those lands would be used for Rabi (dry
season) crops and half of the converted lands would be used for Kharif (monsoon sea-
son) crops), and also assume that the distribution of crops grown would be similar to
the crops grown previously. Given those assumptions, the revenues the converted fields
could gain would be $1.1 million, which reflect the costs.

The assessment of the rankings (Equation (4)) is Table 1. The policy of protecting
the satellite wetlands is strongly preferred to the policy of restoring the Gambhir River’s

flow.

5. Concluding Discussion

As economists continually emphasize, policy analysts need to consider the benefits and

the costs of policy choices together instead of looking at only one of those two. As illu-

strated in Table 1, both the increase in Total Economic Value and the product of the

changes Total Economic Value, Ecological Value, and Diversity are greater for the pol-

icy of restoring the Gambhir River’s flow than for the policy of protecting the satellite

wetlands. However, given the lower costs of protecting the satellite wetlands, the ratio

of benefits to costs for protecting the satellite wetlands is double (39.0 compared to 17.4)
the ratio for restoring the Gambhir River’s flow. As noted in Section 2 earlier, it is

common in “hot spot” type analyses to exclude the policy costs.

The economic benefits predicted from restoring the Gambhir’s flow are dominated
by the change in indirect economic benefits to the local community. In contrast, the
predicted economic benefits from protecting the satellite wetlands are due entirely to
the ecosystem services provided by the protected wetlands. The importance of using
Total Economic Value as a concept is that it permits such differences to contribute to
the assessment.

Mainwaring’s [49] critique about data availability is particularly relevant for delibe-
rate omission of existence value from this example. Not only are marginal existence
values for species difficult to obtain, those available in the existing literature are prob-
lematic when considering their use to other contexts, for example, potentially transfer-
able assessments of annual marginal existence values for the Siberian and Indian Sarus
Cranes and for the Greater Spotted Eagle using $56 for a Whooping Crane and $39 for
a Bald Eagle [62]. But, those values are estimated for U.S. households, so blindly using
those values and the number of Indian households would distort the resulting calcula-

tions greatly. In this case, the omission of existence values does not signal a failure of
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the methodology, rather it signals a research need.

The choice of zero for g was also motivation by the lack of data. In this case, the rela-
tive frequencies of the bird species in KNP are not available, necessitating that particu-
lar simplification. However, since gamma diversity is a monotonic function of ¢ [39],
this particular assumption should not affect the relative ranking of the policies.

Using Perry’s [34] definition of ecological importance (Equation (2)), one can see in
Table 1 that protecting the Greater Spotted Eagle adds the more ecological value than
adding the Siberian Crane. Adding a species (protecting a species from extirpation)
with a unique function group (the Greater Spotted Eagle) adds substantial ecological
value by this measure. Reintroducing the Siberian Crane actually detracts from this type
of ecological value because it is assumed to redundantly add another member to an ex-
isting function group. So, in this case, even though one might argue that a certain spe-
cies is iconic enough to merit special attention (the Siberian Crane) it might be more
ecologically important to save a less notable species (the Greater Spotted Eagle).

Also as noted earlier, it is also common to ignore the probability of policy success,
which implicitly assumes that the policy will be successful. In this example, the relative
ranking of the two policies is stable as long as the probability of successfully protecting
the satellite wetlands is greater than about one-half of the probability of successfully
restoring the Gambhir River’s flow, a very likely possibility. It is easy to imagine a dif-
ferent scenario in which the probability assessment is crucial.

Weitzman’s [13] original development of the Noah’s Ark model was noteworthy for
its basic model structure and for the critical analyses, supportive and critical, that it en-
gendered. The policy ranking model here, Equation (4), follows directly from it as well
as building upon important critiques. One of the key insights one observes from using
it is to see that diversity policy analysis is more complicated than any one single aspect.
A second key aspect is that research into specific components of that analysis for spe-
cific cases, such as existence value and ecological value, will be important for improving

the quality of biodiversity protection decisions.
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Appendix for the Example

The basic administrative unit of an Indian state is the district, and the basic administra-
tive unit of a district is the tehsil. Tehsil-level data are available from the state of Rajas-
than’s Directorate of Economics and Statistics in books titled District Statistical Outline
(FSremaifEgh TR @T). From January through March, 2013, I visited several univer-
sity and governmental libraries in Jaipur (the capital of Rajasthan) and New Delhi, but
was only able to access a couple of copies of the District Statistical Outline. In April
2013, I visited the state office of the Directorate as well as the district-level statistical of-
ficers and purchased all of the relevant District Statistical Outlines from 1990 through
the present. Thus, the information used for the calculations below is based upon all of
the available data.

The information in Tables A1-A4 is based upon the command area for the Pancha-
na Dam, which falls in three tehsils in the district of Karauli and one tehsil in the dis-
trict of Sawai Modhopur (although it was originally in the district of Karauli) [63]. For
Karauli, the data are from the 2003, 2004, 2005, and 2006 District Statistical Outlines
[64]-[67]. For Sawai Modhopur, the data are from the 2004, 2006, 2007, 2008, and 2009
District Statistical Outlines [68]-[72]. These tehsil-level data is from the Central Gov-
ernment and include the area planted, the crop output, and the harvest prices, with the
exception of the harvest price of mustard [73]. The price of mustard is at the district
level and is from the Central government [74]-[78]. The reservoir at Panchana started
filling with the rains in the summer of 2004 and was first used for irrigation purposes
for the following rabi season [79], which is the 2004-2005 agricultural year.

The information in Tables A5-A7 is based upon the most recent District Statistical
Outline for the district of Bharatpur [80], the location of Keoladeo National Park. The

Table Al. Average hectares planted in rabi (dry season) crops.

Wheat Barley Gram Mustard All rabi
2001-2002 - 2003-2004 11,959 230 2813 9107 26,704
2004-2005 - 2007-2008 10,478 122 1490 23,302 35,809

Table A2. Average hectares planted in rabi (dry season) crops.

Wheat Barley Gram Mustard Sum
2001-2002 - 2003-2004 47.1% 0.9% 9.9% 34.2% 92.1%
2004-2005 - 2007-2008 29.8% 0.3% 3.9% 64.9% 98.9%

Table A3. Average harvest value in rupees per hectare® for rabi (dry season) crops.
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Wheat Barley Gram Mustard
2001-2002 - 2003-2004 17,659 12,730 20,155 25,180
2004-2005 - 2007-2008 21,113 14,845 20,516 26,391
*(Rs/qt) x (10 gt/mt) x (mt/ha).
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Table A4. Revenue gains in rupees harvest value per hectare® for rabi (dry season) crops.

Average revenues from harvesting
Wheat Barley Gram Mustard
2001-2002 - 2003-2004 211,053,266 2,930,340 56,703,270 229,306,216 500,003,092
2004-2005 - 2007-2008 221,227,577 1,817,510 30,577,689 615,747,807 869,370,583

Average total

“Harvest in tonnes X harvest price (Rs/qt) x (Rs/qt) x (10 qt/mt).

Table A5. Average revenues for kharif (monsoon season) crops in bharatpur district (2002-2003
- 2006-2007).

Area planted
Yield (mt/ha)  Price (Rs/qt)  Revenue/ha®
Hectares %age
Bajra 100,406 52.4% 1.10 501 5511
Jowar 48,877 25.5% 0.56 578 3237
Rice 1626 0.8% 1.58 1019 16,100
Til 1611 0.8% 0.47 2650 12,455
Cotton 1036 0.5% 1.19 2183 25,978
Sum of 5 153,556 80.1%
All kharif 191,596
Average weighted by area planted 5110

*(Rs/qt) x (10 gt/mt) x (mt/ha).

Table A6. Average revenues for rabi (dry season) crops in bharatpur district (2002-2003 -
2006-2007).

Area planted
Yield (mt/ha) Price (Rs/qt) Revenue/ha®

Hectares %age
Mustard 214,913 58.2% 1.27 1661 21,095
Wheat 132,827 36.0% 3.32 717 23,804
Gram 8516 2.3% 1.24 1767 21,911
Barley 3692 1.0% 2.76 581 16,036
Potato 1225 0.3% 11.95 469 56,046

Sum of 5 361,173 97.8%

All Rabi 369,206

Average weighted by area planted 22,177

*(Rs/qt) x (10 gt/mt) x (mt/ha).

Table A7. Calculation of gain from farming satellite wetlands.

Hectares of wetlands 4250

Area drained under status quo 50%

Rabi hectares farmed 2125

Value of rabi crops per hectare? $444
Value of rabi crops $942,535

Kharif hectares farmed 1063

Value of kharif crops per hectare® $102
Value of kharif crops $108,591

Value of all crops $1,051,127

‘Exchange rate of $1 = Rs. 50.
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information in the tables represent averages over the five year period of 2002-2003
through 2006-2007. These district-level data include the area planted, the crop output,
and the harvest prices of bajra, jowar, wheat, gram, and barley. The prices of rice, til,
cotton, mustard, and potato are from the Central government [74]-[77]. Six of the
fourteen satellite wetlands identified by Mathur et al [52] comprising 42.5 km* appear
to be on potential agricultural lands rather than being reservoirs or canals.
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