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My humble objectives 

To get you to think twice about: 

1. Analyzing deforestation rates, instead of the benefits and 
costs associated with deforestation 

2. Analyzing deforestation in general, instead of primary 
forest loss  

3. Using satellite data on forest cover, without carefully 
checking it against ground-based data 
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1. Deforestation, benefits, and costs 
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Best of times, worst of times 

Source: FAO (2010) 



Source: http://www.rightsandresources.org/resources/tenure-data/  



Source: Bennett & Carroll (2014) 
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Source: FAO (2012) 



Source: Pimm et al. (2014) 
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Source: Miteva, Pattanayak, and Ferraro (2012) 

What is the impact of conservation programs? 



Source: Miteva, Pattanayak, and Ferraro (2012) 10 
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Source: Miteva, Pattanayak, and Ferraro (2012) 



Ex post deforestation in area protected – 
Ex ante deforestation in area protected? 

Before 2007 After 2007 

Royal Belum 

State Park 



Ex post deforestation in area protected – 
Ex ante deforestation in area protected? 

Before 2007 After 2007 

Treatment 

“Before” ≠ counterfactual: other factors may differ over time 

Control? 



Ex post deforestation inside area protected – 
Ex post deforestation outside area protected? 

After 2007 After 2007 

Royal Belum 

State Park 
  Royal Belum 

State Park 



Ex post deforestation inside area protected – 
Ex post deforestation outside area protected? 

After 2007 After 2007 

Non-park ≠ counterfactual: other factors may differ across space 

Control? 

Royal Belum 

State Park 
Treatment   



Impact evaluation 

• Methods 
– Randomized controlled trials 

– Matching 

– Difference in differences 

– Instrumental variables 

– Regression discontinuity 

• Results 
– “The limited set of rigorous studies suggests that protected areas cause 

modest reductions in deforestation”: only 10-15% 

– “the evidence base for payments for ecosystem services, 
decentralization policies and other interventions is much weaker” 



Does a low impact on deforestation  
imply a bad conservation decision? 

Not necessarily! 

1. Focus on deforestation rate—a physical outcome measure—ignores  
conservation benefits and costs (Vincent 2015) 

2. Deforestation is not the only—or even the most important—reason 
for establishing protected areas 

3. Satellite data likely underestimate deforestation 

 

 



Impact evaluation: 2 periods, n sites  

• Period 0: conservation agency selects sites 

 Period 1: outcome observed, and program evaluated 

• Notation:     i = site 

    si = treatment dummy (1 = protected, 0 = not) 

  d0i = outcome dummy if not protected  

           (1 = deforested, 0 = not) 

 

• Average treatment effect on the treated (ATT): 
 

– Fraction of protected sites that would have been deforested in the 
absence of protection 

 



Benefit-cost analysis of the program 

• Notation: C = conservation agency’s budget 

  ci = cost of protecting site i 

  vi = benefit (value) from protecting site i 

  ρ = continuous discount rate 

 

• Budget constraint: 

 

 

• Benefit-cost ratio (BCR): 

 

 

 ATT:  
 

No economic variables! 



Does a higher ATT signal a higher BCR? 

• Yes, if benefits and costs are uniform across sites (vi = v, ci = c) 

 BCR:  

 

  

 ATT: 

 

• Two problems: 

1. ATT doesn’t tell us if BCR > 1:  evaluation requires valuation 
• And, should be forward-looking 

2.  ci ≠ c, vi ≠ v:  heterogeneity rules 

 



Heterogeneity in costs 

Source: Ando et al. (1998) 
Source: Busch & Engelmann (2015) 



Source: http://www.conservation.org/publications/Documents/ 
Migrated%20Files/CI_Biodiversity-Hotspots_2011_Map.pdf  

Heterogeneity in benefits 

22 

http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf
http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf
http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf
http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf
http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf
http://www.conservation.org/publications/Documents/Migrated Files/CI_Biodiversity-Hotspots_2011_Map.pdf


Source: Pattanayak & Kramer (2000) 
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Source: Vincent et al. (2015) 



Impact evaluation vs. BCA: 2 countries, ∞ periods 

• Is the deforestation rate (d0i) positively correlated with 
conservation benefits (vi) and negatively correlated with 
conservation costs (ci)? 

– If so, ATT is positively correlated with BCR 

• Two forested countries: identical, except one is farther along 
socially optimal deforestation path than other 

– Forest poor: farther along 

– Forest rich: less far along 



• Two donor countries: each protects marginal area in one 
country 

– Do avoided deforestation rates for marginal areas reveal which donor 
country made the better aid decision in BCR sense? 

• No! 

– Avoided deforestation rate:  higher in forest-rich country 

– Marginal conservation benefits: lower in forest-rich country 

 Marginal conservation costs: higher in forest-rich country 

Economic variables, avoided deforestation rate: counterposed 

 



Clinical trials:  
bad analogy for conservation evaluation 

• Cost of treatment doesn’t vary across subjects 

• Benefit of treatment not valued differently by subject 
characteristics (gender, race, etc.) 

 



2: Deforestation in general,  
vs. loss of primary forests 
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Primary forests 

• “forests of native species in which there are no clearly visible 
signs of past or present human activity” (FAO, 2010) 
– Virgin 

– Old-growth 
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Source: FAO (2010) 





Source: Gibson et al. (2011) 
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Source: Vincent et al. (2015) 



Source: FAO (2010) 

Deforestation has slowed down since 1990 … 

33 



Source: FAO (2010) 

… but loss of primary forests hasn’t 
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Deforestation: mainly conversion to agriculture 



Loss of primary forests: 
degradation (harvesting), not only deforestation 



Source: Asner (2010) 
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Forest protection: not only against deforestation 
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Source: FAO (2010) 
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Source: Vincent et al. (2014); see also Schwabe et al. (2015) 
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Source: Vincent et al. (2014) 



Part 3: Satellite Estimates of Forest Cover 
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Tree cover  
≠ Forest cover 

• 2004 forest cover in 
Peninsular Malaysia: 
land-use survey 
(Department of 
Agriculture, Malaysia) 
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• 2014 tree cover in 
Peninsular Malaysia, 
satellite-based (Hansen 
et al. 2013) 
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• 2004 oil palm and 
rubber area in 
Peninsular Malaysia: 
land-use survey 
(Department of 
Agriculture, Malaysia) 
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Misclassification: not unique to Malaysia 

46 Source: Tropek et al. (2014) 



Opposite problem for primary forests: 
remotely-sensed estimates are underestimates 
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Source: Potapov et al. (2008) 



Comparison of 2000 IFL estimates to 
2004 National Forest Inventory estimates reveals: 

Low false positive rate High false negative rate 

48 

Source: Adnan et al. (in review) 



IFL (yellow) + WDPA (black polygons) 
        nothing left to protect! 
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WDPA: woefully incomplete 

• Omits nearly entire Permanent Forest Estate in Peninsular 
Malaysia: 85% of forest area as of 2013 

– Production Forest (IUCN Category VI, “Protected area with sustainable 
use of natural resources”) 

– Protection Forest (IUCN Category Ia, “Strict Nature Reserve”)  

– Amenity Forest (IUCN Category III, “Natural Monument or Feature”) 
 

• Includes 694 terrestrial protected areas for Malaysia, but 
reports the IUCN category for only 215 
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My humble objectives 

To get you to think twice about: 

1. Analyzing deforestation rates, instead of the benefits and 
costs associated with deforestation 

2. Analyzing deforestation in general, instead of primary 
forest loss  

3. Using satellite data on forest cover, without carefully 
checking it against ground-based data 
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Thank you! 


