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Coastal Protection

* There has been great interest in maintaining coastal
forests (largely mangroves in the tropics)

* Provide storm protection, as well as nursery grounds
for fisheries (Barbier and Strand 1998).

 Climate change makes services of coastal ecosystems
both more valuable and more vulnerable.

* Diminishing returns are likely to be important in
coastal protection.




Interior optimum (Barbier, et al., 2008)

While mangroves provide valuable
services, the farther inland, the higher the
opportunity cost relative to the benefit \
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Will econometric studies be accurate?

e Costanza, et al. (2008) regressed storm damage in the US on
areas of coastal habitat preserved.

* Found significant values but, in many cases, not enough to
offset the opportunity costs of forgone near-shore land use.

* |s habitat maintenance exogenous?

—The value of avoided damages would be greater the more valuable
are properties at risk; but

—Coastal vegetation is more likely to be reduced the higher are the
opportunities costs of forgone conversion (especially with
externalities).



Some good examples from India

e Well known study by Das and Vincent (2009) demonstrates how
coastal ecosystems saved lives in the 1999 cyclone.

* Follow-up work by Das and Crépin (2013)
— Provides further economic detail on the value of coastal protection
— Nicely links natural science and economic models.

* How do mangroves (and other natural vegetation) “work”?
— Diminish both wave (storm surge and tsunami) and wind damage.
— Das and Crépin consider both, but in interest of simplicity I'll focus on waves
— Wave energy is proportional to the square of wave height
— Wave heights are reduced/energy dissipated over vegetated area traversed.



Interpretation of Das and Crépin

Damage depends on the velocity of waves hitting structures and extent
of inland intrusion;

Velocity depends on wave height;
Wave height depends on

— Width of vegetation traversed between open water and structures
— Distance between structures and coastal forest (assumed fixed)

Assume
— Height declines exponentially at rate 7 per unit width of vegetation: H =
Hye M
— Velocity is proportional to the square root of height: V = kvH
— Damage increases in velocity to the power p: D = gV”



Combining . . ..

D = g[k(HOe‘”m)l/Z]p
or
D = Ke™km
Where K subsumes all the constants and R = —np/2
The form is familiar, and

oD
— = —RKe kM
am



Findings and some further thoughts

e Das and Crépin calibrate findings with observed costs of repair, extent
of damage, attenuation of waves, etc. [NB: Das and Crépin consider
both wind and wave damagel]

e Estimated protective value of coastal mangroves as 1999 USD 177/ha
— The figure is not insignificant, but land values were estimate at about USD
3800/ha at the time.
 Another dimension of analysis:

— A critical parameter | subsumed is the intensity of the storm (H,); how much
damage would an unattenuated storm do?



Das and Crépin estimate avoided damage
given intensity of storms

* To derive an expected NPV of coastal ecosystems maintained to prevent
storm damage, we would need to consider the distribution of storms.

e |et

— D(S, m) be the damage done to some set of structures by a storm of intensity S
when they are protected by a coastal forest of width m;

— f(S) be the pdf of storm intensity

 Then if both the damage function and the distribution of storm intensity
were the same over time then the NPV of the protection afforded by a
width m would be

j D(S,m)f(5) ds /5

)






Pollination

e Commonly cited example of ecosystem service (Armsworth, et al.,
2007; Johnson, et al., 2021).

* Areas of adjacent habitat are believed to provide nesting and
alternative foraging for pollinators that enhance crop vyields.

* The value of pollination services may be limited, 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;
emphasis added)



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.”

e No, it isn’t.

e If there are sufficient numbers of other pollinators (or
alternative means of pollination) the value of species z
could be essentially zero.

e If a pollinator of species z didn’t land on a flower, one of
another species might have.



Measuring the value of the marginal
pollinator and hectare of habitat

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




Measuring the value of the marginal
pollinator and hectare of habitat

Found that values were higher in areas Fi e
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 uprooted to plant
pineapple; pineapple does not require
insect pollination.

1,000

Meters

Fig. 1. Map of study area and sites. Finca 5anta Fe (1,065 ha) is in white;
stippled area is a mix of coffee, pasture, and sugar cane; black areas are forests.
The three focal forest patches are labeled A (46 ha), B (111 ha), and C (34 ha).
study sites are labeled n, i, and f for near, intermediate, and far distance
classes.



Ricketts and Lonsdorf (2013)

R&L calibrated models that relate

e Pollinator numbers to habitat
condition;

e Pollinator numbers to visits to
particularly farms/plants;

* Pollinator visits to crop yields; and

* Then relate the enhanced value of
vields back to the forest areas
supporting the pollinators.
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Sources of diminishing returns

* The number of pollinators emerging from habitats retained for their
protection will increase less-than-proportionately with habitat extent

e Ricketts and Lonsdorf assume vyield, Y, is a concave function of
pollinator abundance, P

YO_Y:C( ﬁ
Yy P+p

Where

— Y} is potential maximum yield;
—a and [ are parameters calibrated from data.

* “Yield gap” closes as the number of pollinators increases



A simple model of pollination (Simpson 2019)

* Afield is planted with @ flowers.

e Each of B bees can visit —and hence, potentially pollinate — ¢
flowers.

* The probability that any particular bee will visit any particular flower
is, then, ¢ /P .

* The probability that any particular bee will not visit any particular
floweris1l — ¢@/P.

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

B
¢
1 — (1 -=] =1-—e®8/®



The value of the “marginal pollinator”

e |f a fertilized ovum is worth P and it costs ¢ to cultivate each flower,
farm profit will be

m = P(1 - e %o - cd
 Differentiating with respect to the number of pollinators,

a_n = Ppe PB/®
0B
* 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.



Results

* Another “paradox of efficiency” may arise: if pollinators are very
prolific, it may not require many to meet crop needs.

* How much land might be set aside for native pollinator habitat for the
California almond crop if natives can compete with apis mellifera?

* Land devoted to California almond growing is expensive (> USD
25,000 ha')

* In my 2019 paper | argued that the largest fraction of farm area
farmers would devote to pollinator habitat would be on the order of
1/8t of total potential acreage.



How much does more complexity buy us?

Pollination in the INVEST module
Sharpe, et al., 2020

Totalcrop yield on farm f Variables in the model

YT(f)=1-v(f) i (f)|) The half-saturation constant
for farm f at pixel x
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e Some farmers have tried to establish Blue Orchard Bees (Osmia
lignaria) as alternative pollinators of California almonds.

 The farmers proposed to accomplish this by:
— Selectively propagating species of wildflowers on which the BOB depends.

— Sterilizing the soil in the intended BOB habitat to eliminate organisms that
might compete with, eat, or infect the flowers raised as BOB fodder;

— Excluding mice and toads that might prey on the BOB

— Caging in the areas in which BOB were propagated with netting to keep the
BOB in and other insects out.

* This wouldn’t be preserving wild habitat to provide pollinators to
farms so much as domesticating and farming wild pollinators.



Biodiversity and Ecosystem Service Values in
“Green Accounts” and “Genuine Wealth”

e Weitzman (1976): Properly measured national income (utility from
current consumption + net investment) indicated the equivalent
constant level of utility that could be enjoyed in perpertuity

e Hartwick (1977): If well-being is sustained perpetually, the value of
net investment cannot be negative
— Converse does not necessarily hold).

— Sustainability and substitutability: the forms of capital that are being lost
cannot be irreplaceable (if they were, their price would be unbounded)

e Dasgupta and Maler (2000; cf. Pearce et al., 1996): Genuine wealth
(aggregate of net investment) measures intertemporal well-being.

* But to do accounting we must know prices and quantities!
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Where should benefit estimates for
accounting come from?

 While there are thousands of existing studies, there may be millions
of things to be valued.

e Ecosystem service values may be highly nonlinear and vary with
— Size, configuration, and condition of the area supplying ecosystem services.

— Proximity of beneficiaries of services to systems providing them: farms to
pollinators, cities to storm protection, sources and receptors to waste
treatment.

— Linear extrapolation can be wildly inaccurate in some instances

— The major exception may be carbon storage, but other ecosystem service
values should not be extrapolated in the same way.
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FIGURE 9. PREDICTED VALUE OF ALL FOREST ECOSYSTEM SERVICES, PER HECTARE PER
YEAR, IN 2013 U.5. DOLLARS. THE SERVICES CONSIDERED INCLUDE RECREATION, HABITAT
AND SPECIES PROTECTION, NWFPS, AND WATER SERVICES. MAPPED USING DATA ON
782,636 GRID CELLS, EACH 10 KM BY 10 KM IN SIZE
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A final thought

Back to why are we valuing biodiversity
and ecosystem services?

- S A g e To carefully allocate parcels between
B One d;.}f Alice came to a conservation or direct use?

fork in the road and saw * If so, have we thought about what sort

a Chﬂﬁhifﬂ cat i“ a tree. Of Iandsca pe we wa nt?
"Which road do I take ?" . .
Ske siked. "Whete do e |svaluation just “an eye-opening

¥ you want to go?" was his meta.phor intended to awaken society
‘ :‘.,;;:-"_ response. "I don't know," to think more deeply about the
D 7 Alice responded. "Then importance of nature” (Norgaard 2010),
R said the cat, "it doesn't or do we really want to be guided by the

s matter." implications?
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