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The topic:
Economic Valuation of Diverse Natural Habitats

• Why not “Economic Valuation of Biodiversity and Ecosystem 
Services”?

• These have been the subject of important recent reviews, e. g.,
− The Economics of Biodiversity:  The Dasgupta Review (2021).  Major report 

prepared for the UK Government by Sir Partha Dasgupta

− The Economic Case for Nature (Johnson, et al., 2021).  World Bank Report.

− Reports from the Intergovernmental Panel on Biodiversity and Ecosystem 
Services

−Many earlier reports including TEEB (2011); Millennium Ecosystem 
Assessment (2005).



I will focus on the value of diverse natural 
habitats supplying ecosystem services

• I want to consider concrete policy actions to address loss of 
biodiversity and ecosystem services.

• Some existing work considers the macroeconomic consequences of 
losing natural capital in the form of biodiversity
− But how do we put a price on that capital?
−We have to estimate what is lost and, since many ecosystem services are 

public goods, we have to use methods of nonmarket valuation.

• Causes of biodiversity loss include overexploitation, invasive species, 
pollution, and climate change;

• But the most important – and the one over which we have the 
greatest leverage – may be habitat conversion.



Biodiversity, ecosystem services, and land use

• Land “conversion” typically means specialization for 
producing food, lumber, fiber, fuel, residential, or 
industrial use.

• It is often argued, however, that lands retained in 
natural habitat provide valuable because they retain 
their native diversity.

•How do the benefits of habitat retention compare to 
the opportunity costs of forgone conversion?



A few remarks on Biodiversity and
Ecosystem Service Valuation

• Shortcomings of some existing work:
−Much is done by non-economists (Hanley and Torres 2017)
−When Linus Blomqvist and I surveyed 28 papers from the EVRI, we 

found more than half used replacement cost or did not consider 
marginal values (Blomqvist and Simpson 2018; cf. Seppelt, et al., 
2011; Brauman 2013)

• Values employed in benefit transfer must be from unbiased
studies.

• Macro/”green accounting” studies must be able to value 
capital stocks whose changes are considered.



Outline
• Area and diversity

• Values arising from diversity per se.
− Bioprospecting
− Tourism

• Values arising from services
− Statistical vs. modeling approaches; examples
− Pollution treatment and sediment retention
− Pollination
− Protection against natural threats

• Carbon sequestration and ecosystem services.



Land area and biological diversity

Following literature dating to Preston (1959) and MacArthur and 
Wilson (1967), I will generally suppose a species-area relationship (SAR) 
of the form

𝑆𝑖 = 𝛼𝑖𝐴𝑖
𝛽

Where
𝐴𝑖:  Area of habitat 𝑖

𝑆𝑖:  Number of species in area 𝑖;

𝛼𝑖:  Constant for area 𝑖; and

𝛽 :  Constant, with values generally found to be considerably less than one



“The marginal product of habitat
in generating diversity”

• The first thing we want to describe is how maintaining 
habitat preserves biodiversity.

• If the power-function SAR holds,
𝜕𝑆𝑖
𝜕𝐴𝑖

= 𝛽𝛼𝑖𝐴𝑖
𝛽−1

= 𝛽𝑆𝑖/𝐴𝑖

• Extinctions may not, of course, be immediate; habitat 
conversion now may incur an “extinction debt” that will not 
come due for years or decades (Tilman, et al., 1994).



Valuing habitat loss when
diversity per se is valuable

• Canonical example may be new product development

• Many pharmaceutical products, from aspirin and quinine to digitalis 
and taxol are derived from natural sources.

• The more potential sources there are among which to search for 
drugs, the more likely is discovery.

• Simple model (Simpson,  et al., 1996)
• 𝑆: number of species that can be tested for new product

• 𝑝: probability any species tested at random can be a source of the new 
product

• 𝑉: value of product if discovered

• 𝑐: cost of testing any species



Value of “marginal species”
in new product development

Value of having an 𝑆 + 1st species to test is:

1 − 𝑝 𝑆 ∙ 𝑝𝑅 − 𝑐

Probability the product 
is not found among the 
first 𝑆 species available 

for testing

Expected payoff from 
testing the 𝑆 + 1st

species minus cost of 
testing



Upper bound on the value of “marginal species”

Differentiate with respect to the probability of success

𝜕

𝜕𝑝
1 − 𝑝 𝑆 𝑝𝑅 − 𝑐 = 𝑅 1 − 𝑝 𝑆 − 𝑆 1 − 𝑝 𝑆−1 𝑝𝑅 − 𝑐

Set derivative to zero to find upper bound and solve for 𝑝

𝑅 1 − 𝑝 = 𝑆 𝑝𝑅 − 𝑐 ⟹ Ƹ𝑝 =
𝑅 + 𝑆𝑐

𝑆 + 1 𝑅



Substitute into the value of “marginal species”

Ƹ𝑝 =
𝑅 + 𝑆𝑐

𝑆 + 1 𝑅
⟶ 1 − Ƹ𝑝 𝑆 Ƹ𝑝𝑅 − 𝑐

𝑆

𝑆+1

𝑅−𝑐

𝑅

𝑆 𝑅−𝑐

𝑆+1
≈

𝑅−𝑐

𝑆+1
𝑒
−

𝑅+𝑆𝑐

𝑅

Where the approximations are accurate for large 𝑆 and 𝑅 ≫ 𝑐



The value of the marginal hectare

𝜕𝑉

𝜕𝐴𝑖
=
𝜕𝑉

𝜕𝑆𝑖
∙
𝜕𝑆𝑖
𝜕𝐴𝑖

Using the bounding result,

𝜕𝑉

𝜕𝐴𝑖
≤ 𝛽

𝑆𝑖
𝑆 + 1

𝑅 − 𝑐

𝐴𝑖
𝑒
−
𝑅+𝑆𝑐
𝑅 ∙

In Simpson, et al., (1996) we calibrated this expression using 
pharmaceutical industry data, then applied species-area relationship to 
find value of bioprospecting, even under most generous assumptions, < 
USD 20 per hectare in the “hottest” spots of endemic diversity.



Some subsequent events

• Rausser and Small (2000) revisited our figures and argued 
that prior information made values 1,000 times higher in 
some spots, but zero in others.

• Costello and Ward (2007) revisited R&S, found different 
parameter choices were driving results, and that “marginal 
land values from bioprospecting are far too small to 
provide plausible conservation incentives.”

• I’ve done more unpublished work looking at more realistic  
research processes and finding results that underscore the 
basic premise that research leads remain too abundant to 
be valuable.



In the meantime, back in the real world

Researchers continued to cite and dispute [SSR, R&S, C&W, etc.], 
and the academic-industrial complex went on spinning out 
research on bioprospecting and genetic resources.

But an interesting thing was happening in the real world while we 
academic scribblers were squabbling amongst ourselves: nothing.

Simpson (2020)

Bioprospecting has not taken off

• The INBio-Merck deal lapsed

• Large payments have not been recorded elsewhere

• The history of bioprospecting supports the economic proposition 
that new research leads are not scarce.



It seemed like the beginning of a new 
era in drug discovery, international 
development, and habitat preservation 
alike.

It was also too good to be true. In 
2008, Merck quietly abandoned its 
search for new drugs from the natural 
world, shifting its attention to synthetic 
compounds and vaccines instead. Then 
[in 2011], as if to mark the anniversary 
of its Costa Rican folly, the company 
gave away its entire library of natural 
compounds—100,000 extracts 
representing 60 percent of all known 
plant genera, ready to be screened for 
the next big miracle drug.



Biodiversity and nature tourism

•Recreational demand is analogous to new-
product search; would-be visitors “search” for 
their utility-maximizing choice.
•Naidoo and Adamowicz use random-parameter logit.

•N&A use survey/SP results because the “logistics of 
[an RP] approach would be extremely challenging”.

•Another issue would be deriving WTP for the steady-
state level of biodiversity.



Naidoo and Adamowicz results

• WTP for park admission increases in bird diversity; but

• Maximized park admission revenues would still be “significantly lower 
than extractive management schemes” and “show that biodiversity 
conservation does have modest potential to contribute economically 
to sustainable development” [emphasis added].

• N & A results are primarily about total revenues to be received from 
nature tourism
− If total revenues are small relative to opportunity costs

− Marginal value of land preserved to enhance biodiversity must be de 
minimis.

− Congestion externalities, overuse, and other factors may also be important.



A note on area, diversity, and
provision of ecosystem services

• In much of what follows I will suppose that ecosystem 
services provided increase in the size of the area providing 
them, but will ignore increases in service provision arising 
indirectly from increase diversity within larger areas.

• A variety of theoretical and experimental evidence shows 
that service provision increases with diversity.

• Some evidence suggests diversification through “trophic 
rewilding” could enhance carbon sequestration (Cromsight, 
et la., 2018)



Diversity and Function

Plant biomass should 
increase with species 
richness (Tilman, 
Lehman, and 
Thomson, 1997)



Diversity and Function

Free resources 
should decline with 
species richness 
(Tilman, Polasky, and 
Lehman, 2005)



Diversity and Function

Occupation of 
potential habitat 
should decline with 
species richness 
(Tilman, Lehman, and 
Thomson, 1997)



Diversity and Function

Soil nutrient 
concentrations 
decline with species 
richness (Tilman, 
Isbell, and Cowles, 
2014)







If we are in this area 
of the species-area 
curve



And in this area of the function-
diversity curve, additional area 
should have little effect on 
service-provision-per-unit-area



An example

The fraction of nutrient pollution removed from water per linear unit of 
distance traversed is designated as the removal rate (to be covered in 
more detail below); call this rate .

If an initial load of nutrients 𝐿0 traverses an area of habitat of width 𝑊
the remaining load will be 

𝐿𝑊 = 𝐿0𝑒
−𝜌𝑊

Suppose the damage caused by a load of 𝐿𝑊 is 𝐷 𝐿𝑊 .

Fixe the length of the “riparian buffer” maintained for nutrient 
pollution treatment, and the area of habitat maintained will be 
proportional to 𝑊.



Suppose the removal rate,  varies as

𝜌 = 𝜌0
𝑆

𝑆 + 𝑘
Where 𝜌0 and 𝑘 are constants and 𝑆 the number of species in the 
buffer.

Let
𝑆 = 𝛼𝑊𝛽

Where 𝛼 and 𝛽 are as defined previously and 𝑊 now also measures 
area of habitat on the normalization of habitat length to one.

The damage cause by a pollution load of 𝐿0 filtered through a buffer of 
width 𝑊 would, then, be

𝐷 𝐿𝑊 = 𝐷 𝐿0 exp −𝜌0
𝛼𝑊𝛽

𝛼𝑊𝛽 + 𝑘
∙ 𝑊



Differentiating with respect to width and reverting to the notation 𝜌
and 𝑆,

𝜕𝐷

𝜕𝑊
= −𝐷′ 𝐿𝑊 𝐿𝑊 𝜌 +𝑊

𝜕𝜌

𝜕𝑆

𝜕𝑆

𝜕𝐴

The second term in the brackets is

𝑊𝜌0
𝑘

𝑆 + 𝑘 2
𝛼𝛽𝑊𝛽−1 = 𝛽𝜌

𝜌0 − 𝜌

𝜌0
,

So
𝜕𝐷

𝜕𝑊
= −𝐷′ 𝐿𝑊 𝜌𝐿𝑊 1 + 𝛽 1 − 𝜌/𝜌0



When can we ignore the indirect effect?

• The biological literature typically finds 𝛽 ≈ 0.25, with 
a range of roughly 0.15 – 0.45.

• The literature seems to be pretty consistent in 
showing that service provision begins to saturate at 
relatively modest levels.

• Suppose 𝜌 =
2

3
𝜌0 and 𝛽 =

1

3
 𝛽 1 − 𝜌/𝜌0 =

1

9



Approximations and bounds

If we ignore the indirect effects,

𝐿𝑊 ≈ 𝐿0𝑒
−𝜌𝑊

𝜕𝐿𝑊
𝜕𝑊

= −𝜌𝐿0𝑒
−𝜌𝑊

We can bound this expression as

−𝜌𝐿0𝑒
−𝜌𝑊 ≥ −

𝐿0
𝑒𝑊

We saw a similar bound in the case of bioprospecting, and will see 
other examples.  This raises interesting questions:

• Is increased precision worth it if plausible estimates of an 
approximately bound show modest values?

• Are we, in fact, increasing precision if we’re multiplying parameters?



The marginal 
reduction function 
is steeply peaked in 
the removal rate; 
could a more 
detailed depiction 
of the process 
result in a much 
higher estimate of 
marginal value?



Diverse natural ecosystems
for pollution treatment

• There is long history of considering natural systems for 
retention of nutrients, sediment, and wastes; e. g.,
− Dixon, et al., 1994 on sedimentation of reservoirs.
− Breaux, et al., 1995 for food processing wastes (Louisiana, USA)
− Emerton, et al., 1999 for urban sewage treatment (Kampala, 

Uganda)

• Some approaches to valuation
−Natural science data collection and valuation of estimated 

reductions
−Estimation of economic benefits from land use and valuation data
−Model-based simulation of effects and benefits of reduction.



Evidence from natural science

• “Paired watershed studies” document effects of land cover on water 
flow and materials transported (Brown, et al., 2005).

• Numerous studies document effects of riparian buffers on nutrient 
and other pollution flows (Mayer, et al., 2007; Mander 2008).



An econometric study:  Vincent, et al., 2016
• Considered water treatment costs in Malaysia.

• Treatment costs increase with sediment concentration in the water.

• Vincent, et al., related costs to area of forest cover maintained in 
basins above treated waters.

• They had an extensive panel data set, so time- and basin-invariant 
factors could be cancelled out.

• While Vincent, et al., find statistically significant benefits to increased 
forest cover, they conclude:
− Forest value for water treatment was “very small compared to producer 

surpluses for competing land uses”; but
−Measured benefits may have been underestimated and unmeasured benefits 

of other services might be substantial.



Some concerns in econometric estimation of 
ecosystem service values

• Attenuation bias
− There will always be some mismeasurement of RHS variables

− This will be especially true when not all designated “forest cover” is truly 
commensurable.

• Vincent, et al., estimate

ln 𝐶𝑖𝑡 = 𝛽 ln 1 + 𝐹𝑖𝑡/𝐴𝑖𝑡 + 𝑿′𝜸 + 𝑓. 𝑒. +휀𝑖𝑡
Where 𝐹𝑖𝑡 is forest cover in basin 𝑖 at time 𝑡, 𝐴𝑖 is the area of basin 𝑖, 𝑿
is a vector of other explanatory variables, 𝜸 is corresponding vector or 
parameter values, 𝑓. 𝑒. are basin- and time-specific fixed effects, and 
휀𝑖𝑡 is a disturbance term.



Some limitations of an econometric approach

Habitat extent, condition and configuration may explain:

Primal Dual

Input choice Cost function/   
avoided cost

Productivity Profit function/hedonic 
value



In this case the 
costs of 
treatment are 
plausibly 
exogenous to 
the condition of 
the landscape.



How can we infer the value of diverse natural habitats 
for adjoining lands?



In this case the condition of the 
landscape may be explained by the 
profitability of production.

The trees remain because earnings 
from farming are modest



Challenges in estimating
values of adjoining habitats

• While many studies have estimated the effects of adjoining habitats 
on land values . . . 

• Following Irwin and Bockstael (2001) two problems arise:
− Simultaneous determination of land use and land value; the value of 

converting one parcel depend on the status of those adjoining it.
− Spatial correlation:  the potential values of adjoining parcels – and hence their 

status – are correlated, and this can lead to bias as well as inefficiency in 
estimation.

• “The existing econometric literature investigating the effect of 
conservation on nearby development has not fully examined, nor 
found a solution to, the endogeneity of land conservation” (Zipp, et 
al., 2017)



The “credibility revolution” (Angrist and 
Pischke 2011) comes to land value estimation 
• Plantinga (Annual Review of Resource Economics 2021) 

provides authoritative overview of recent developments.

• Identification strategies:
− Instrumental variables
−Matching
−Difference-in-differences
−Regression discontinuity
−Randomized controlled trials

• Not surprisingly, better-identified studies often find stronger 
results.



Challenges in estimation

• Attenuation bias
− Do land use data accurately measure ecosystem service provision?

− Are effects over time measured correctly?

• Identification
− Do IVs satisfy exclusion restriction?

− Are they too weak to be useful?

• Can we find natural experiments?

• Is matching valid?

• Can we find the data we need in the places we care about?



Let’s return to example of pollution treatment 
to illustrate the modeling approach

• InVEST (Sharpe, et al., 2020) provides modules modeling pollination, 
nutrient and sediment reduction, coastal vulnerability, flood risk 
reduction, and a number of other services.

• The Natural Capital Project is a consortium of Stanford Unviersity, 
University of Minnesota, the Nature Conservancy, and Worldwide 
Fund for Nature brining together many outstanding researchers.

• The InVEST/NCP approach is generally to:
− Develop natural science models linking ecosystems to service provision

− Calibrate these models using real-world data

−Where possible, extend them to provide economic estimates.



InVEST can get complicated!
Sharpe, et al., 2020My attempt to 

summarize 
calculations 
in the 
pollination 
module

Variables in the model



InVEST Nutrient and Sediment Modules

These can get complicated, too (Sharpe, et al., 2020)!



The models are complicated, but the 
underlying structure is relatively simple

Land use and 
input 

application 
generate gross 

load

Fraction of load may be 
retained by vegetation

The value of load reduction may be estimated by 
aquatic damage or avoided treatment cost.



The models are complicated, but the 
underlying structure is relatively simple

Suppose “edge-of-field” load is 𝐿0

Suppose reduction at each point 
along downstream “pathway” is

ሶ𝐿 = −𝜌 𝜔 𝐿 𝜔



Simplifying  . . . 

ሶ𝐿 = −𝜌 𝜔 𝐿 𝜔

න

0

𝑊
ሶ𝐿

𝐿
𝑑𝜔 = ln

𝐿 𝜔

𝐿 0
= −න

0

𝑊

𝜌 𝜔 𝑑𝜔

𝐿 𝜔 = 𝐿 0 𝑒− 0
𝑊
𝜌 𝜔 𝑑𝜔

𝜕𝐿 𝜔

𝜕𝑊
= −𝜌 𝑊 𝐿 0 𝑒− 0

𝑊
𝜌 𝜔 𝑑𝜔 = −𝜌 𝑊 𝐿 𝑊



Does  change much over the terrain?

•Natural science literature suggests it may 
not (Mayer, et al., 2008; Mander 2009).

•Why would it change much?

•If it does change, is it because of saturation?

•If  were constant the upper bound on the 
marginal product would be 𝐿 0 /𝑊𝑒



My “simple but not-too-simple” example (2017)

• Used the simple model just sketched out.

• Applied it to treatment of nutrient pollution 
(largely N runoff from fertilizer and animal 
wastes) in Chesapeake Bay watershed.

• Removal rates ~ 1 – 3% m-1.

• Stream density ~ 2.2 km  km-2

• Land values ~ USD 12,000 ha-1

• N loading ~ 28 kg ha-1  yr-1.

• Avoided treatment cost ~ USD 35 ha-1.



Findings

• Generous riparian buffers may be justified
− At 2% removal rate, buffers of 75 m on each side of streams would be 

optimal.

− Buffers would retain ~ 80% of nutrients, but

− Buffers would cover more than 1/3 of basin, so much of effect would be from 
reduction of initial load.

− Even at 10% (consistent with findings of H. Simpson, et al. 2013 for Texas), 35 
m buffers would be optimal

• Agricultural and input use in the US (and elsewhere) are greatly 
distorted, so it might be interesting to see if farmers would reduce 
nutrient applications before reducing crop areas.



Would more detailed (e. g., InVEST) models 
better inform decision making?

• In this case, perhaps “yes”; wider buffers than are under policy discussion 
might be justified (existing recommendations are for ~ 100 ft  30 m 
buffers).

• Finer detail on land opportunity costs and efficacy might be useful.

• Would an econometric study be helpful?
− Unlike Vincent, et al., water treatment case, there is little direct effect of farm 

management on water treatment costs.
− Landscape heterogeneity would make measurement challenging.

• The point of my “simple-but-not-too-simple” paper is that context matters 
critically:
− Buffers will only be useful when located between a pollution source and
− A vulnerable receptor.



Some “Theory of the 2nd best” issues

• Vegetated buffers would be less valuable if pollution were controlled 
at the source.

• If inputs are applied until VMP = price, the marginal abatement cost 
would be zero by construction.

• We will probably get more reliable proxies of marginal damages from 
administrative prices than from calculation go actual damages
− Ideally, we might want to measure health effects of fishery production 

(though it’s not always clear what the sign is for fisheries!).
− Avoided costs of treatment may be easier to observe, though.
− Reservoir sedimentation is an interesting example:  straightforward in theory, 

but complicated in practice.



Pollination

• Canonical example of ecosystem service (Armsworth, et al., 2007; Johnson, 
et al., 2021).

• Areas of adjacent habitat are believed to provide nesting and alternative 
foraging areas for pollinators that enhance crop yields.

• Some well-known studies (e. g., Ricketts, et al., 2004)

• The case that pollination services are important may not be as strong as it 
appears, though.
− While many varieties of crops benefit from insect pollination, most of the value of 

production comes from crops that do not require insect pollination (Ghazoul 2005).

− “crop production would decline by around 5% in higher income countries, and 8% at 
low-to-middle incomes if pollinator insects vanished.” (Ritchie 2021)



Pollination and marginal value

•One sometimes encounters statistics such as that “x% 
of the y crop was pollinated by species z; therefore 
the value of species z is x% of the value of y.”

•No, it isn’t.

• If there are sufficient numbers of other pollinators (or 
alternative means of pollination, or alternative crops 
that don’t require pollination . . .) the value of species 
z could be essentially zero.



Measuring the value of the marginal 
pollinator and hectare of habitat

• Ricketts, et al., (2004) did a clever study in Costa 
Rica measuring quantity and quality of coffee 
production in areas located closer to remnant 
patches of forest relative to those more distant.

• Found that values were higher in areas closer to 
pollinators.

• But:
− Increased value of production may not have covered 

the opportunity cost of land clearing; and

− The Finca Santa Fe coffee plantation was subsequently 
razed to plant pineapple that does not require insect 
pollination.



Ricketts and Lonsdorf (2013)

R&L calibrated models that relate

• Pollinator numbers to habitat 
condition;

• Pollinator numbers to visits to 
particularly farms/plants;

• Pollinator visits to crop yields; and

• Then relate the enhanced value of 
yields back to the forest areas 
supporting the pollinators.



Sources of diminishing returns

• The number of pollinators emerging from habitats retained for their 
protection will increase less-than-proportionately with habitat extent
− “It’s possible that you plant this hedgerow and it sucks all the native bees from 

the landscape. When your crop is flowering, you don’t want the hedgerows to 
be more attractive.” [M’Gonigle, quoted in Rosner 2013]

• R & L assume yield, 𝑌, is a concave function of pollinator abundance, 𝑃

𝑌 = 𝑌0 1 − 𝛼 + 𝛼
𝛽𝑃

𝑃 + 𝛾

Where 
− 𝑌0 is potential maximum yield;

− 𝛼, 𝛽, and 𝛾 are parameters calibrated from data.



A simple model of pollination (Simpson 2017)

• A field is planted with Φ flowers.

• Each of 𝐵 bees can visit – and hence, potentially pollinate – 𝜙
flowers.

• The probability that any particular bee will visit any particular flower 
is, then 𝜙/Φ .

• The probability that any particular bee will not visit any particular 
flower is, then, 1 − 𝜙/Φ .

• So the probability that at least one bee will visit a flower is

1 − 1 −
𝜙

Φ

𝐵

≈ 1 − 𝑒− Τ𝜙𝐵 Φ



The value of the “marginal pollinator”

• If a fertilized ovum is worth 𝑃 and it costs 𝑐 to cultivate each flower, 
farm profit will be

𝜋 = 𝑃 1 − 𝑒− Τ𝜙𝐵 Φ Φ − 𝑐Φ

• Differentiating with respect to the number of pollinators, 
𝜕𝜋

𝜕𝐵
= 𝑃𝜙𝑒− Τ𝜙𝐵 Φ

• Intuition is again straightforward; the value of the “marginal 
pollinator” is
− The value of a fertilized flower  potential fruit; times
− The number of flowers the pollinator may visit; times
− The probability the flowers it will visit would not be fertilized by another 

pollinator.



Bounds and values

• And again, we can put bounds on value

𝜙𝑒− Τ𝜙𝐵 Φ ≤
Φ

𝐵𝑒
• And a “paradox of efficiency” may arise:  if pollinators are very prolific, it 

may not require many to meet crop needs.

• In Simpson (2017) I asked how much land should be set aside for native 
pollinator habitat for the California almond crop.
− Over half the bee colonies in America – some 60 billion bees – are trucked to 

California to pollinate the almond crop.
− I compare circumstances under which it would be cost-effective to set aside land for 

native pollinators rather than rent bees.
− Under very generous assumptions, farmers would set aside only about one-eighth of 

land for pollinators.



A note on ecosystem service values
and ecological values

• It would be an ecological and moral catastrophe if the world’s 
pollinator populations were extinguished.

• The question, then, is how to prevent that calamity from occurring.

• My point is that, since private incentives may be limited, public action 
may be required.



Another example:  coastal protection

• Costanza, et al., (2008) econometric study of found values up to USD 
50,000 ha-1  yr-1 for storm protection from coastal wetlands.
− Value of protection increases in value of property protected, however; 

− Value of protection < opportunity cost in some areas

• Barbier, et al., (2009) find 
that storm protection 
justifies some coastal 
conservation in Thailand, 
but diminishing returns 
set in quickly.



A heuristic explanation:  Extreme values

• Weather events often follow an extreme value distribution.

• Precipitation, wind speed, storm surge, etc., of “50” or “100 year 
storm” may be distributed with CDF

𝐹 𝑥 ≤ 𝑘 = 𝑒− 𝑒− Τ𝑘− 𝜇 𝜎

Where 𝜇 and 𝜎 are parameters of the distribution and 𝑘 represents 
“absorptive capacity”

• If damage 𝐷 results in the event that absorptive capacity is exceeded,
𝜕𝐸 𝐷

𝜕𝑘
=
1

𝜎
ln𝐹 ∙ 𝐹 ∙ 𝐷

• As the probability that capacity is adequate increases, the marginal 
contribution of additional capacity vanishes.



The value of protective services may increase 
with climate change

• We could think of a dramatic decrease in absorptive capacity vis a vis
the distribution of weather events.



Switching gears:
carbon sequestration as an ecosystem serivce

• Diverse natural habitats store tremendous quantities of 
carbon.

• There is little argument that existing ecosystems should be 
maintained (Griscom, et al., 2017)

• How about reforestation and afforestation?

• Should (re-)planted areas be maintained in perpetuity?

• How does consideration of ecosystem services affect the 
calculation?



Carbon storage and other ecosystem services

• Van Kooten, et al., (1995; van Kooten and Johnston, 2016) consider 
the decision of when to harvest a forest as a function of 
− Commercial value of timber

− Carbon storage, including preserved (“pickled”) carbon in harvested material.

• A very simple model/extension (Simpson 2021)

• Faustmann-like model with pickling, ecosystem services

𝑉 𝑇 =න
0

𝑇

𝐶′ 𝑡 + 𝑠𝐶 𝑡 𝑒−𝛿𝑡𝑑𝑡 − 1 − 𝛽 𝐶 𝑇 𝑒−𝛿𝑇 + 𝑉 𝑇 𝑒−𝛿𝑇

Credit for carbon 
stored during 
growth period

Value of 
ecosystem 

services 
generated

“Refund” for net 
carbon released 

at harvest



When would it be optimal never to harvest?

lim
𝑇→∞

𝛿 + 𝑠

𝛿

𝐶𝑇 −
0

𝑇
𝐶′ 𝑡 𝑒−𝛿𝑡𝑑𝑡

𝐶𝑇
≥ 𝛽

• If the pickling rate, 𝛽, were low;

• If the value of ecosystem services, 𝑠, were high

• If the forest were very slow-growing



Two more “paradoxes of efficiency”?

• If the growth rate is very slow a standing forest shouldn’t be cut and 
replanted . . . 

• But it also won’t contribute much to carbon sequestration.

• If the value of ecosystem services are high there may be a more 
compelling case to be made for maintain a forest than harvesting and 
“pickling” wood on rotations . . .

• But do high values for small areas imply rapidly diminishing returns?



Some provisional “concluding remarks”

• Conserving biodiversity is important for any number of ethical and 
pragmatic reasons.

• That makes it all the more important that effective strategies be 
adopted to preserving it.
− Some ideas have generated great enthusiasm (e. g., bioprospecting), but have 

not paid off.

• Wealth increases and biodiversity declines with latitude.
− It is unethical to extol “ecosystem service values” to poor communities unless 

we have compelling arguments that they are big enough to offset opportunity 
costs.



“Provisional conclusions,” continued

• Are locally appropriable, economically demonstrable biodiversity and 
ecosystem service values large enough to justify opportunity costs?

• Almost certainly in some times and places!  But which and where?

• Some key questions:
− How quickly do they saturate (“paradox of value”)?

−Which are additive?

− If values are substantial, how do we answer the “banknote on the footpath” 
question?

− What kind of conservation might biodiversity and ecosystem service values 
motivate?


