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• High concentrations of outdoor air pollution due to 

widespread use of wood-fuel (largely) for heating

• Air pollution concentrations far exceed safe levels

Background
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WHO (25)
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• More than 90% of households use woodstoves for heating

• Gov’t subsidizes conversion to new (clean) wood-stoves 

• Most households (9/10) choke their woodstoves airflow 

• Makes wood-fuel last longer and saves fuel consumption

• Increases air pollution emission by 5 to 6 times (w.r.t. efficient use)

• When choked air pollution emissions are no different to that of old (dirty) 

wood-stoves

 Clean air as a local public good

• Behavioral intervention  Information sign that informs users on 

pollution emissions when choking woodstove’s airflow

Introduction



POLLUTION EMISSIONS

Very High High Mid-level Low Ignition

Wood-stove & Information signage

Information sign

Most common wood-stove in 

Chile’s south-central cities 

(such as Valdivia)

Highly subsidized (~ USD 200)

Combustion detail

Choked Mostly 

Choked

Mid-level Mostly 

Open

Open

Damper setting



Damper adjusts the airflow inside the 
wood-stove’s combustion chamber

Damper’s setting 
recording device

Wood-stove & Information Sign

Cost of signage ~ USD 5

Flyer



• 80 participating households that use a wood-stove as main 
source of heating

• Damper setting recording device installed in all 80 HHs 

• Information sign was installed on half the HH’s woodstoves 
(random assignment) after a two-week period

• HHs members were not aware of whether they were in 
treatment or control group, and no evidence of 
communication among participating HHs

• Incentive for participation: 1 m3 certified-dry wood-fuel
(worth ~ USD 60, or 15% of Chile’s monthly minimum 
wage)

Experimental design



Randomization



Treatment Group

Results



Treatment Group Control Group

Results



Treatment vs Control (Diff-in-Diff)

Results – Behavioral Change in Use of Damper Setting

POLLUTION EMISSIONS
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Change in Damper's Setting Due to Signage



• OLS Framework. Position Y𝑗 = 0,1… , 5

𝑌𝑗 = 𝛽0 + 𝛽1𝑆𝑖𝑔𝑛 + 𝛽2𝑇𝑟𝑒𝑎𝑡𝐺𝑟 + 𝛽3𝑆𝑖𝑔𝑛𝑇𝑟𝐺𝑟 + 𝛾𝑋 + 𝜖

• Multinomial Logit Framework. Setting Choked (C) as baseline

• Pr 𝑗 𝑆, 𝐺, 𝑗 = 𝐶 =
1

1 + σ𝑗≠𝐶 exp(𝛽0
𝑗
+ 𝛽1

𝑗
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𝑗
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𝑗
𝑆𝑖𝑔𝑛𝑇𝑟𝐺𝑟 + 𝛾(𝑗)𝑋)

• Pr 𝑗 𝑆, 𝐺, 𝑗 ≠ 𝐶 =

exp(𝛽0
𝑗
+ 𝛽1

𝑗
𝑆𝑖𝑔𝑛 + 𝛽2

𝑗
𝑇𝑟𝑒𝑎𝑡𝐺𝑟 + 𝛽3

𝑗
𝑆𝑖𝑔𝑛𝑇𝑟𝐺𝑟 + 𝛾(𝑗)𝑋)

1 + σ𝑗≠𝐶 exp(𝛽0
𝑗
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𝑗
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Diff-in-Diff in Regression Framework



Choked Mostly Choked Mid-Level Mostly Open Open Choked Mostly Choked Mid-Level Mostly Open Open

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Sign On -0.0456** -0.00639 0.148*** -0.114*** -0.0486** 0.165*** 0.390*** 0.0110

(0.0210) (0.0200) (0.0332) (0.0214) (0.0217) (0.0205) (0.0343) (0.0221)

Treatment Group -0.332*** -0.585*** -0.553*** -0.0372 -0.344*** -0.567*** -0.506*** -0.0167

(0.0242) (0.0243) (0.0423) (0.0234) (0.0247) (0.0246) (0.0427) (0.0237)

Sign On & Treatment Gr. 0.551*** 0.693*** 1.193*** 0.148*** 0.539*** 0.717*** 1.188*** 0.144***

(0.0294) (0.0291) (0.0482) (0.0293) (0.0300) (0.0296) (0.0488) (0.0298)

Constant -0.690*** -0.554*** -1.932*** -0.731*** -1.956*** 0.941*** -2.380*** -0.289***

(0.0170) (0.0163) (0.0276) (0.0173) (0.0665) (0.0654) (0.107) (0.0700)

Controls No No No No No Yes Yes Yes Yes Yes

Observations 173,157 173,157 173,157 173,157 173,157 173,157 173,157 173,157 173,157 173,157

Standard errors clustered at the household level. *** p<0.01, ** p<0.05, * p<0.1

Choked Mostly Choked Mid-Level Mostly Open Open Choked Mostly Choked Mid-Level Mostly Open Open

Treatment Gr., Before 37.8 18.1 21.6 6.3 16.2 38.1 17.4 22.6 6.0 16.0

Treatment Gr., After 33.0 19.7 21.0 10.5 15.8 33.0 18.3 22.7 10.3 15.7

Control Gr., Before 37.0 18.6 21.3 5.4 17.8 39.9 19.1 20.1 4.3 16.6

Control Gr., After 44.9 16.1 14.4 3.7 20.8 47.7 16.2 13.6 3.1 19.5

Diff-in-Diff -12.7 4.0 6.3 5.8 -3.4 -12.8 3.9 6.6 5.5 -3.1

Panel A: Parameter Estimates from Multinomial Logit Regression

Panel B: Frequency of Damper Setting Using Parameter Estimates from Multinomial Logit  Regression (percentages)

Results – Diff-in-Diff Regression Framework



• Reduction of 12.7 % in frequency of choked damper setting (pollution 

emissions = very high)

• This translates to a 17.3 % reduction in pollution emissions 
• 14.7 % decrease when using certified-dry wood-fuel

• 18.7 % decrease when using high moisture wood-fuel

• Cost of signage ~ USD 5

Emissions’ reduction due to signage

Results detail

Wood-fuel's moisture Choked Mid-Level Mostly Open

Dry (certified) 17.1 6.1 4.4

High moist content 40.5 9.8 8.7

(2): Weigthed average according to average frecuency of use, for the city of Valdivia ,

of certi fied dry wood-fuel  (75%) and high moisture wood-fuel  (25%).

Damper Setting

(1): Emiss ion factors (g/h) for wood-stoves used in Chi le's south-centra l region

(double-combustion, s imi lar to those used in the experiment) when burning

di fferent types of timber for wood-fuel . Figures weighted according to frequency of

use of each timber used for wood-fuel : Nothofagus obl iqua (34%), Eucalyptus nitens

(33%), Eucryphia  cordi fol ia  (7%), Acacia  sp. (5%), and Canelo and other speciec (10%).

PM2.5 Emission Factors by Damper Setting (g/h)



THANK YOU !



Global Problem of Ambient Air Pollution



Most polluted cities in South America are in Chile



Air Pollution Emissions from HHs Wood-stoves



Most common wood-stove in 

Chile’s south-central cities 

(such as Valdivia)

Wood-stove’s ‘double combustion’ 

technology for low air pollution 

emissions and efficient heating



Table 5: Damper Setting Usage, PM2.5 Emissions and Effect of Information Signage on PM2.5 Emissions 

Choked Mid-Level Mostly Open

Frequency of damper setting 

usage (%)1 37.4 39.7 22.9

Change of damper setting usage 

due to sign (percentage points)2 -12.7 10.3 2.4

PM2.5 emissions before sign 

(g/h)3
9.8 6.4 2.4 1.0

Reductions in PM2.5 emissions 

due to sign (g/h)4
1.4 2.2 -0.6 -0.1

PM2.5 emissions before sign 

(g/h)3
21.0 15.1 3.9 2.0

Reductions in PM2.5 emissions 

due to sign (g/h)4
3.9 5.1 -1.0 -0.2

(2): Settings 'mostly choked' and 'choked' were agregated into column 'Mid-Level ', and setting 'Mostly Open' was

agregated with 'Open'. See Figure 10 or Panel  B Table 3.

(3): Average PM2.5 emiss ions in grams per hour (g/h). Emiss ions for each damper setting is a weighted average

calculated by multiplying frequency of damper setting (fi rs t row) by emiss ion factors  from Table 4.

(4): Reductions in PM2.5 emiss ions in grams per hour (g/h). Emiss ions for each damper setting is a weighted average

calculated by multiplying change of damper setting due to s ignage (second row) by emiss ion factors  from Table 4.

Dry Wood-Fuel (certified)

High Moisture Wood-Fuel

Damper SettingTotal

(1): Average damper setting across treatment and control groups before s ignage. Settings 'mostly choked' and 'Mid-

level ' were agregated into column 'Mid-Level ', and setting 'Mostly Open' was agregated with 'Open'. See Figure 8 and

Figure 9, or Panel  B Table 3.




