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MOTIVATION

Annual change in forest area as a share of forest area, 2000
Annual net change in forest area measures forest expansion (the sum of afforestation and natural expansion)
minus deforestation
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Data source: UN Food and Agriculture Organization (FAO). Forest Resources Assessment.

Note: The UN FAO publish forest data as the annual average on 10- or 5-year timescales. The following year allocation applies: "1990"
is the annual average from 1990 to 2000; "2000" for 2000 to 2010; "2010" for 2010 to 2015; and "2015" for 2015 to 2020.
OurWorldinData.org/forests-and-deforestation | CC BY

Source: Our World in Data
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MOTIVATION

Multiple countries have adopted conservation mandates in private
lands as policy instruments for forest preservation

- For example, 80% of a property area must be kept as a forest
reserve in the Brazilian Amazon

- Restrictions on private lands have been adopted in Brazil, Costa
Rica, Argentina, Colombia and Australia
- There are clear potential issues with such strict mandates

- Income impacts and equity concerns
- Politically and operationally hard to enforce
- Economically inefficient: costs > benefits
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PARAGUAY'S 2004 ZERO-DEFORESTATION LAW

- First zero-deforestation mandate
implemented in the tropics

- Valid in Eastern Paraguay - nearly
half of the country’s territory

- Opened no concessions for
conversion to other land uses

- Our research question: What was
the policy impact on deforestation?

East Paraguay

L Paraguay
Atlantic Forest (MapBiomas)
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OUR FINDINGS

- Using a synthetic difference-in-differences approach, we find no
statistically significant impact

- We raise the following contributing factors:

- Lack of systematic deforestation monitoring
- Deficient legal prosecution and punishment

- Conflicts with agrarian reform policy
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Thanks to stringent national legislation prohibiting the
transformation and conversion of forested areas, massive
deforestation rates have been curbed in Paraguay's Upper
Parana Atlantic Forest.
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Deforestation rates slashed in Paraguay

Thanks to stringent national legislation prohibiting the
transformation and conversion of forested areas, massive
deforestation rates have been curbed in Paraguay's Upper
Parana Atlantic Forest.

Coalicion #PorLosBosques exige a Diputados aprobar la
extension de la Ley de Deforestacidn Cero 10 afios mas

La coalicion #PorLosBosques conformada por s de 60
organizaciones de la sociedad civil, en su mayoria
organizaciones ambientales,sociales y de salud,instan a

‘SIN BOSQUES NO HAY VIDA

Saonn 1mgons

WWF denuncia deforestaciones masivas en los bosques de Paraguay

ectsges gt

10 ahos mis

S WWF-Paraguay
@WWrpy

El 14 de diciembre, fenece la Ley 6.256, que prohibe las actividades de

enla Reg, Oriental lamada “Ley de Defore:
extension por para proteger |
bosques.

1147 PM - Dec 2, 2020
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PARAGUAY WAS A DEFORESTATION HOTSPOT IN THE 2000’s

- Atlantic forest was under Y
severe deforestation N
pressure

- Huang et al. (2009): forest
cover down from 73.4% in
1970s t0 24.9% in the 2000s

- Hansen et al. (2008):
Paraguay had the highest
deforestation rate among
the humid tropics between ==
2000-2005 ) East Paraguay

7' Paraguay L
W Atlantic Forest (MapBiomas)
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REFORESTAR Y PRESERVAR ES EL OBJETIVO

* Started as a "Social paC'E for . == Plan “Deforestacion cero”
Paraguay’s Upper Parana Atlantic recibié aplausos en foro
Forest” between WWF and the 7
country’s vice president, Luis
Castiglione

- Became a Law, approved in late 2004
by the Paraguayan congress

- Goal of protecting the remaining
areas of the Atlantic forest Source: ABC, September 2004

- Banned all forms of forest
conversion within Eastern Paraguay
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ZDL might cause deforestation
spillovers to Western Paraguay

SUTVA Violation

Not a valid comparison unit
in a DID setting
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EMPIRICAL STRATEGY

- We follow the synthetic
difference-in-differences approach
from Arkhangelsky et al. (2021)

- We construct a policy
counterfactual — Eastern Paraguay
in the absence of the policy

- We use 916 sub-national regions of
South America in our “donor pool”

Figure 2: Selected regions of
South America
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- In a DID setting, where 7 is the effect of treatment exposure:
Yie = p+ i + Br + WieT + €it

- We estimate 7 it by solving:

N T
(7A_did 7ﬁ,d,é) = argmin {ZZ (Yie —p—aj — B — VV/'tT)2}

T 8,0, i=1 t=1

- In the synthetic difference-in-differences setting the problem
becomes:

N
(7, ., B) = argmin {Z > (Vi — = 0 — B — Wigr)? @71 534 }

T 1,03 i=1 t=1

where &394 and 3399 are estimated unit and time weights ,
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- Unit and time weights do the following:
- & roughly matches the pre-treatment outcome of interest Y, of
non-treated units with treated ones such that:

Nco N
Soar Y m NG YT Yyforallt=1,..., Tye and N = Nco + Ny
i=1 i=Nco+1

()
where N¢o is the number of never treated units and Ny the treated
- X394 are introduced to balance pre-treatment periods with
post-treatment periods



EMPIRICAL STRATEGY

- In our setting:
- Estimate &% and A3
- Use the weights in the "weighted” DID estimation:

Yie = p+ o + Br + Wit + €;t

- Y, deforestation rate in unitjintimet

- Ny =13 - Paraguay’s departments within Eastern Paraguay
- Ne = 916 - South American departments

- W, =1ifiis aregion within Eastern Paraguay post-2004

- t= 1986, ..., 2020

- Exclude Western Paraguay and Brazil from our main sample
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DATA

- We combine multiple MapBiomas
products covering all of South
America’s countries (except
Chile)

- We calculate the yearly
deforestation rates at each one
of the 929 regions

- Deforestation rates in
non-treated areas are used to
construct the policy
counterfactual

14
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MAIN RESULTS

Table 1: Estimate of the
average effect

SDID
Estimate -0.083
Standard error (0.376)
FE: region and year Yes '
Regions 929
Observations 33,444 o

2010 2020

1990 2000
— Synthetic Control —- East Paraguay

Figure 3: Deforestation trajectory -
Eastern Paraguay and counterfactual



ROBUSTNESS CHECKS

Our results are robust to multiple specifications:

- Variations in the donor pool: excluding neighboring countries
from sample @

- Variations in the pre and post-treatment period
- Variations in the deforestation outcome variable

- Analysis considering forest cover outside protected areas @

16
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- Lack of systematic deforestation monitoring

- Paraguay’s forest agency, INFONA, relied on anonymous
complaints to track illegal deforestation

- Despite the existence of 17 regional offices of the institution in the
Eastern area, there was a lack of directives for conducting in-loco
monitoring until 2020

- WWF contributed with monitoring within the Atlantic forest area
until 2014

- Even with evidence of deforestation of large areas, very few cases
were prosecuted or resulted in insignificant financial punishment
(EFEverde, 2014)
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- Deficient legal prosecution and punishment

- The legal sanctions for breaking the zero-deforestation law
established a penalty of 3 to 8 years in jail and a vague system of
fines

- Fines between 7,000 - 28,000 US dollars regardless of the
deforested area

- Aguayo et al. (2016) highlights the weak legal apparatus to
prosecute environmental crimes in Paraguay

- Aguayo et al. (2016) also demonstrates a lack of recognition of the
ZDL by the legal system when analyzing a sample of court cases

19
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DiISCUSSION

- Conflicts with agrarian reform policy

- INDERT (Instituto Nacional de Desarrollo Rural y de la Tierra)
carries out the objective of promoting agrarian land reform in
Paraguay

- According to public data from INDERT, between 2004 and 2020,
Paraguay titled 17127 land plots in Eastern Paraguay, covering an
area of roughly 172 thousand hectares
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DiISCUSSION

- We analyze land-use change within INDERT plots using our
remotely sensed data created to map smallholder agriculture

- We use the 2004 forest cover map by INFONA as our baseline for
detecting forest-cover change post-policy

- Our data shows that Eastern Paraguay lost roughly 1 million
hectares of forest between 2004 and 2022

- We find that at least 20% of the total forest loss in the
2004-2022 period happened within INDERT colonies

21



DiISCUSSION

Table 2: 2022 land cover within INDERT

plots

Category Area (hec)  Share (%)
Grassland 64,167.1 16.6
Smallholder mix 41,358.1 10.7
Soybeans 24,785.4 6.4
Crop (non-soy) 9,326.5 2.4
Others 60, 804 15.8
Forest 185,853.9 48.1
Total 386,297.0 100.0
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FINAL REMARKS

- Zero-deforestation law as a “paper policy” in the 2004-2020
period

- INFONA has been implementing a near-real-time deforestation
alerts system since 2020
- Agency has established new guidelines for deforestation
monitoring at a regional office level
- Issues with the legal system and agrarian reform still potentially
persist
- Is zero-deforestation the optimal policy?

- For example, there are potential social benefits associated with
agrarian reform policy

23



Thank you!

Contact me at acostolapede@ucsh.edu
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ROBUSTNESS CHECKS

Figure 4: Variation in donor pool sample
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Back to presentation
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ROBUSTNESS CHECKS

Figure 5: Variation in pre and post-intervention window
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ROBUSTNESS CHECKS

Table 3: Estimate for the average effect

IHP(def)  log(def) Deforestation -

Alternative
SDID SDID SDID
Estimate -0.104 -0.119 0.478
Standard error (0.108) (0.111) (0.424)
FE: region and year Yes Yes Yes
Regions 929 929 929
Observations 33,444 33,444 33,444

Back to presentation
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ROBUSTNESS CHECKS

Table 4: Estimates for the
average effect: 1986-2015

SDID
Estimate -0.159
Standard error (0.346)
FE: region and year Yes
Regions 929
Observations 30,814

Figure 6: Protected Areas
within the sample regions

Back to presentation
28




ROBUSTNESS CHECKS

Table 5: 2022 Land Cover

Category East (ha)  Share (%) Atlantic Biome (ha) Share (%) ITsand PAs (ha) Share (%)
Grassland 336,065 11 200,938 9 62,358 12
Smallholder mix 103,621 3 85,665 4 15,590 3
Soybeans 159,088 5 153,478 7 12,899 2
Crop (non-soy) 33,241 1 29,052 1 3,358 1
Others 334,301 11 252 804 12 65007 12
Forest 2,096,623 68 1,609,917 66 369,045 70
Total 3,062,939 100 2,131,853 100 528,257 100

Note: Change relative to INFONA's 2004 forest cover baseline using our remotely sensed data.

Back to presentation
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