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“… “while the supply of fabricated goods and commercial services may be capable of continuous 

expansion from a given resource base by reason of scientific discovery and mastery of technique, 

the supply of natural phenomena is virtually inelastic …” 

“Accordingly, if we simply take the effect of technological progress over time, considering tastes as 

constant, the marginal trade-off between manufactured and natural amenities will progressively 

favor the latter. Natural environments will represent irreplaceable assets of appreciating value 

with the passage of time (p.783).” 

- John Krutilla, Conservation Reconsidered, American Economic Review, 1967. 
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Renewed interest in this question arose around 2007:

“… we should discount costs but also take into account the increase in the relative price of the 
ecosystem service endangered”

- Hoel and Sterner. 2007. Climatic Change. 

“… we show that rising relative prices can have important implications for the efficient level of 
climate change mitigation.”

- Sterner and Persson. 2008. Review of Environmental Economics and Policy. 

4

Recent literature has developed a simple rule to estimate these relative price changes
- Drupp and Hänsel. 2021. American Economic Journal: Economic Policy. 
- Heckenhahn and Drupp. 2024. Environmental and Resource Economics 

(Also Ebert 2003; Weikard and Zhu 2005; Yu and Abler 2010; Baumgärtner et al. 2015; 
Baumgärtner et al. 2017; Heckenhahn and Drupp 2024.)
   



Relative price change estimation with rising incomes

In a model with CES preferences, one can derive a straightforward expression 
for the relative price change (RPC) over time, as a function of the elasticity of 
substitution, σ, between c and e, the growth rate for market goods (reflecting 
income growth),       , and the growth in ecosystem services,       : 
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In this setting, σ is directly and inversely related to the income elasticity of 
WTP for nonmarket ecosystem services, ϵ

W
, such that ϵ

W
 = 1/σ. 

 



There are numerous estimates of the income elasticity of WTP

• Across various ecosystem service types, provisioning, regulatory, cultural services, 

(Drupp et al. 2023), these elasticities of WTP have been estimated regionally and 

globally (Baumgärtner et al. 2015), include meta-analyses suggesting a range of 

point estimates between 0.4 to 0.8 (Drupp et al., 2024). 
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Our proposal will correct a substantial 
downward bias in currently used estimates 
of future ecosystem service values. This 
will help governments to reflect the 
importance of ecosystems more 
accurately in benefit-cost analyses and 
policy decisions they inform.



Population growth has parallel implications 
for future ecosystem service values

• For rival ecosystem services, population growth reduces per capita 
availability (negative     )

• For nonrival environmental goods, population growth increases the 
aggregate or total WTP

• Our RPC expressions need to account for both dynamics
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RVC (relative value change) with population growth

For population P and its growth rate G
P
  in period t   

For rival ecosystem services

• One component varies inversely with G
P
 

• Second component reflects growth in ecosystem services

• Combined per capita growth in R will be:  
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For nonrival ecosystem services

The absolute scarcity of the ecosystem service may be unchanged with population 
growth, but its value will rise with the number of beneficiaries

In CV studies, the mean or median WTP,    , is used to compute the aggregate 
environmental value

With an initial aggregate value       and population growth,      , the predicted value 

in period t can be written as  
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Supposition: policymakers need concrete evidence 
of these biases to decide to address them

• How big or small are these biases? 

• How do they interact when both dynamics are present? 

• Real-world applications and illustrations are needed
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Benefit-cost analysis for breaching 
four lower Snake River dams



US Army Corps of Engineers
Feasibility Report/ Environmental 
Impact Statement (with BPA, EPA, 
USBR)
- published in 2002 
- most data and analysis ~1998
- 3,000+ pages

Alternative 1. No major changes 

Alternative 2. Maximize transport of juvenile salmon 

Alternative 3*. Major system improvements (selected)

Alternative 4. Breaching of four lower Snake River 
dams
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2020 Columbia River System Operations: 
Final Environmental Impact Statement 

- published in 2020 
- 3,000+ pages

- Ended up used a semi-quantitative 
scoring approach, not full BCA



Original USACE BCA compared to modified alternatives

Base year, Time horizon discount rate
• Original 1998 BCA 1998 100 6.785%
• Income RPC 1998 100 6.785
• Income & pop RPC  1998 100 6.785

• No RPC adjustment  2023 100 6.785
• Income RPC  2023 100 6.785
• Income & pop RPC  2023 100 6.785

• No RPC adjustment 2023   50 2.0*
• Income RPC  2023   50 2.0
• Income & pop RPC  2023   50 2.0
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* See Howard, Peter H., Max Sarinsky, Michael Bauer, Caroline Cecot, Maureen Cropper, Moritz 
Drupp, Mark Freeman, et al. 2023. “US Benefit-Cost Analysis Requires Revision.” Science. 
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Questions? 


