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Ecosystem Services

“The conditions and processes through 
which natural ecosystems, and the 
species that make them up, sustain and 
fulfil human life”
– Daily 1997



Translocation

Pollination
Seed dispersal



Stabilizing

Pest control
Climate regulation
Mitigating droughts
Flood control



Cycling and Filtration

Water purification
Waste degradation
Soil fertility



What now remains of the formerly 
rich land is like the skeleton of a sick 
man with all the fat and soft earth
having wasted away and only the bare 
framework remaining… 

The soil [used to be] deep, it absorbed and kept 
the water…, and the water that soaked into the hills 
fed springs and running streams everywhere.

Plato  (~400 B.C.)



Why Such Poor Protection 
of Services?

– Services taken for granted
– Biophysical provision poorly understood

• Ignorance



Production of Goods

• Food   
• Pharmaceuticals
• Energy

– e.g., biomass
• Industrial products

– waxes, oils, fragrances, dyes, latex, rubber, etc.
• Durable materials

– precursors to many synthetic products
• Genetic resources



Why Such Poor Protection 
of Services?

– Few markets for public goods and services
– Current price signals don’t indicate sufficient 

value to encourage protection and provision of 
services

– Value is landscape-specific
– Scarcity triggers action too late

• Market Failure



Why Such Poor Protection 
of Services?

– Policies and institutions do not encourage or value 
management of ecosystems for service provision

– Ecological and political boundaries rarely overlap

– Challenge of extending authority beyond 
traditional institutional boundaries

• Institutional Failure







The Government Policy Toolkit 
The 5 P’s

• Prescription
• Property
• Penalties
• Persuasion
• Payment



The Policy Toolkit -- The 5 P’s
Water Quality from Farm

• Prescription
• regulations requiring riparian fencing

• Penalties
• fines per metre of unfenced streambank

• Property
• tradable right to have % unfenced streambank

• Persuasion
• pilot projects with fenced streambanks



The Policy Toolkit -- The 5 P’s
Water Quality from Farm

• Payment for services rendered
• treat farmers’ provision of ecosystem services 

as no different than their provision of other 
marketable goods

• Why not pay farmer to manage land 
through riparian buffers and “grow the 
crop of water quality” much the same as 
dairy and spud farmers do for their cash 
crops?



Payments for Ecosystem Services 
(PES)

The exchange of value for land management 
practices intended to provide or ensure 
ecosystem services
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PES Categories

User-financed PES
ES beneficiaries (Individuals NGOs, companies ) pay landholders

ES protection, enhancement or re-establishment

Government-financed PES
Public payments on behalf of beneficiaries

Compliance PES
Parties required to compensate other parties for activities that 
maintain or enhance comparable ES for credit or offset that satisfies 
their mitigation requirements.



Rapid Rise of Interest in PES

4,033 cites in 2019





PES Transaction Type Sector Dominant Payment Model

Public payment for water 
services (PWS)

Water Public Finance

Instream buybacks Water Bilateral Deals

Trading & Offsets Water Credit Trading

Bilateral PWS Water Bilateral Deals

Wetland Mitigation Biodiversity Bilateral Deals
Credit Trading

Biodiversity Mitigation Biodiversity Bilateral Deals
Credit Trading

Voluntary Biodiversity Offsets Biodiversity Bilateral Deals

Compliance Forest Carbon Carbon Offset Trading

REDD+ Finance Carbon Public Finance

Voluntary Forest Carbon Carbon Offset Trading

Certified Commodities All Certification and Standards





What has really happened?

• How has PES evolved across the globe and 
across different sectors?

• How much can we move beyond “anecdata”?
• What are the likely trajectories for PES 

sectors?
• Do we know if PES has worked (and how 

would we know)?



PES









Water
• Largest number of programs and transactions

– Low transaction costs, clear causation

• China Leads the Way

• Collective Action Funds in Latin America 
Growing

• Instream Water and Quality Trading Require 
Institutional Capacity and Secure Property 
Rights



Biodiversity and Habitat
• Compliance Biodiversity Requires Strong 

Institutional Infrastructure 

• Voluntary Biodiversity Offsets Remain an 
Emerging Approach

• Access to Capital an Important Factor for 
Voluntary Offset Uptake 

• Mitigation Credit Banks are Growing but 
only in Developed Countries



Forest Carbon
• Forest Carbon Markets Have Evolved 

Rapidly 

• Supply Exceeds Demand for Voluntary and 
Compliance Forest Carbon

• California A Tentative Success Story

• The Trajectory of REDD



New Horizons: Agricultural 
Commodities

• Palm Oil, Soy, Cattle, Timber and Pulp

• Forestry Stewardship Council, Roundtable for 
Responsible Soy, Roundtable for Sustainable Palm 
Oil

• Commitments from companies with $4 trillion 
market capitalization

• 30% of commitments made since 2014



Effectiveness?

• Number of programs

• Value of transactions

• Geographic scope

• Actions on the ground
– Trees planted, hectares conserved

• But has PES made a difference on the 
ground?



How would we know?
• Metrics of effectiveness

– Biophysical
• Is the service provided?

– Economic
• Is the service efficiently provided?

– Social welfare
• Poverty reduction? 



Surprisingly under-studied
• PES reviews since 2002 have consistently reported a lack of 

data on the effectiveness of PES. 
– Brouwer et al., 2010

• Most evaluations or monitoring studies are case studies 
written by IWS advocates or project proponents, which also 
raises the issue or risk of confirmation bias.
– Forest Trends, 2014

• We do not yet fully understand either the conditions under 
which PES has positive environmental and socioeconomic 
impacts or its cost-effectiveness.
– Pattanayak et al., 2012



Problems in literature

• Measurement of proxies rather than service 
provision

• Lack of baseline
• Inability to determine counter-factual
• Reliance on case studies rather than testable 

hypotheses
• Selection bias



Effective compared to what?

• Problems of strategic behavior and counter-
factuals

• Costa Rica
– Pfaff et al. (2013)

• Indonesia
– Heilmayr et al. (2020)
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