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El Instituto Nacional de Salud 
encontró 

16mil muertes por año
atribuibles a 

contaminación atmosférica
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The Sustainable Development Goals
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¿What is the sector that 
contributes the most to the 

concentrations of air 
pollutants in Colombia and …
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Motivations: Emission sources

specifically in Bogotá?



• Eulerian Regional Chemical Transport Model
• On-line model 
(coupled chemistry and meteorology)

Methodology: WRF-Chem Model - version 3.9.1
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Simulation WRF-Chem V3.9.1 Methods

• 3 Nested domains
• D01:  121 x 121 grid

Resolution:27 x 27km
• D02: 127 x 127 grid

Resolution: 9 x 9km 
• D03: 133 x 133 grid

Resolution: 3 x 3
• 41 vertical levels
• Biogenic Emissions: 

MEGAN – online
• RACM Gas phase chemisty
• MADE-VBS aerosol scheme 
• Simulation date: Sep 2018 

Anthropogenic emissions from the global emissions inventory 
EDGARv4.3.1 were merged with a local emissions inventory for 
the city of Bogota. 
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Generate a base 
case simulation

Evaluate the regional  
attribution of 
anthropogenic emissions 
(Colombia) 

Evaluate  local 
sources attribution 
(Bogota)

• Compare 
observed and 
modeled data

• Agricultural, Electric 
Power Generation, 
Industrial, Mobile, 
Commercial, and 
other´s sectors.

• Reduction of mobile, 
Industrial and re-
suspended 
particulate matter 
(RPM) sources

𝜟𝑪𝑹𝑺_𝒋𝒊 = 𝐂𝑩𝑪𝒊 − 𝐂𝑹𝑺_𝒋𝒊

How to measure the attribution?

Emission 
ScenarioS

Air Quality
(WRF-CHEM)

• 𝐂𝑩𝑪𝒊 = Concentration Base case
𝜟𝑪𝑹𝑺_𝒋𝒊 =Change in Environmental 
Concentrations

• 𝐂𝑹𝑺_𝒋𝒊 = Concentration Scenario
8

Methodology:



Bogota. Reduction emissions Methods

Scenario 1. Reduction of RPM emissions (S1)

• Emissions on unpaved roads can be 
solved with paving
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Bogota. Reduction emissions Methods

Scenario 1. Reduction of RPM emissions (S1)

• Emissions on unpaved roads can be 
solved with paving

Scenario 2. Reduction of industrial emissions (S2)
Change in
𝑬𝑭 𝒂𝒏𝒅 𝑨𝑭 • Technology change from coal

to Natural gas

Scenario 3. Reduction of mobile emissions (S3)

• Heavy-duty vehicles renewal - Euro IV
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Domain 1:

Percentage of emissions from economic sectors for 
Colombia

PM2.5 Spatial Distribution by Sectors

Emissions inventory

Colombia – EDGAR Inventory
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Results
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Emissions inventory

Bogotá – Local inventoryDomain 3:
Percentage of emissions from economic sectors for 

Colombia
PM2.5 Spatial Distribution by Sectors
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Results
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Concentration Base Case

Average daily concentration at 
ground level

𝑃𝑀(.*
𝜇𝑔
𝑚+ 𝑂+ 𝑝𝑝𝑏

Maximum 8hr average concentration 
above ground level

2.13 12.3Average 
concentration

Domain 1:
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Population-weighted concentration

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

Population in Colombia
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Results



𝑃𝑀(.*
𝜇𝑔
𝑚+

4.0 
,-
.!

Population-weighted 
concentration

Average daily concentration at ground level weighted by population
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Results

19.6 𝑝𝑝𝑏

𝑂+ 𝑝𝑝𝑏



Attribution of PM2.5 Concentration - Colombia

Base case - OthersBase case - Industrial

Base case -Agricultural Base case – Energy 

Base case - Mobile

Results

𝜟𝑷𝑴𝟐. 𝟓 = 𝟎. 𝟎𝟕 µg/m3 𝜟𝑷𝑴𝟐. 𝟓 = 𝟐. 𝟏𝟐 µg/m3

𝜟𝑷𝑴𝟐. 𝟓 = 𝟐. 𝟖𝟓 µg/m3 𝜟𝑷𝑴𝟐. 𝟓 = 𝟐. 𝟐𝟖 µg/m3

𝜟𝑷𝑴𝟐. 𝟓 = 𝟎. 𝟔𝟖 µg/m3

𝜟𝑷𝑴𝟐. 𝟓 = 𝟎. 𝟓𝟕 µg/m3

𝜟𝑷𝑴𝟐. 𝟓𝝁𝒈/𝒎
𝟑

𝜟𝑪𝑹𝑺_𝒋
𝑷𝑴𝟐.𝟓 = 𝐂𝑩𝑪

𝑷𝑴𝟐.𝟓 − 𝐂𝑹𝑺_𝒋
𝑷𝑴𝟐.𝟓Population weighted average
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Attribution of NOX and O3 Concentration -
Colombia

Results

𝜟𝑵𝑶𝑿 = 𝟐. 𝟏𝟐 ppb

NOX (𝒑𝒑𝒃)

𝜟𝑪𝑹𝑺_𝒋𝑵𝑶𝑿 = 𝐂𝑩𝑪𝑵𝑶𝑿 − 𝐂𝑹𝑺_𝒋
𝑵𝑶𝑿

Population weighted average

𝑶𝟑 𝒑𝒑𝒃

Base case - Mobile

𝜟𝑶𝟑 = 𝟖. 𝟓 ppb

𝜟𝑪𝑹𝑺_𝒋𝑵𝑶𝑿 = 𝐂𝑩𝑪𝑵𝑶𝑿 − 𝐂𝑹𝑺_𝒋
𝑵𝑶𝑿
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Base case simulation D03 Results

PM2.5 𝜇𝑔/𝑚!

Variable Units Mean_Obs Mean_Mod
PM10 𝜇𝑔/𝑚. 38.94 39.24
PM2.5 𝜇𝑔/𝑚. 16.83 15.71

O3 max 8 h ppb 21.64 18.61
CO ppm 0.87 0.50
NOx ppb 43.17 50.35
SO2 ppb 2.30 2.92
WS m/s 1.75 2.41
T °C 14.52 14.28

r=0.77
SOA
NO-3
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• A maximum reduction of
8 𝜇𝑔/𝑚! occurs in S1.

Results

Base Case – RPM (S1) Base Case – Industrial (S2) Base Case – Mobile (S3)

𝜟𝑷𝑴𝟐. 𝟓 = 𝟐. 𝟎 µg/m3

• in S2, the maximum 
reduction is 1.6 𝜇𝑔/𝑚!

• in S3, the maximum 
reduction is 2 𝜇𝑔/𝑚!

𝜟𝑷𝑴𝟐. 𝟓 = 𝟎. 𝟐 µg/m3 𝜟𝑷𝑴𝟐. 𝟓 = 𝟎. 𝟕 µg/m3

𝜟𝑷𝑴𝟐. 𝟓𝝁𝒈/𝒎
𝟑

𝜟𝑪𝑹𝑺_𝒋
𝑷𝑴𝟐.𝟓 = 𝐂𝑩𝑪

𝑷𝑴𝟐.𝟓 − 𝐂𝑹𝑺_𝒋
𝑷𝑴𝟐.𝟓

Attribution of PM2.5 Concentration -Bogota
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𝜟𝑪𝑹𝑺_𝒋
𝑺𝑶𝟐 = 𝐂𝑩𝑪

𝑺𝑶𝟐 − 𝐂𝑹𝑺_𝒋
𝑺𝑶𝟐

Results

𝜟𝑺𝑶𝟐 = 𝟎. 𝟎 𝒑𝒑𝒃

• A maximum change of  2.2 ppb
• in S2, the greatest change occurs in the city Center

• The %change in S1, S2 and S3 are
-0.6%,  -15.5% and -3.3%

𝜟𝑺𝑶𝟐 = 𝟎. 𝟒 𝒑𝒑𝒃 𝜟𝑺𝑶𝟐 = 𝟎. 𝟏 𝒑𝒑𝒃

𝜟𝑺𝑶𝟐𝒑𝒑𝒃

Attribution of SO2 Concentration -Bogota
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Base Case – RPM (S1) Base Case – Industrial (S2) Base Case – Mobile (S3)



• This research highlights the potential use air quality modeling as a tool
for the creation of public policies that are aimed at reducing emissions
related to economic sectors.

• At the national scale, our results show that the sectors with the greatest
contribution to PM2.5 concentrations are Mobile and Industrial,
contributing 2.8 and 2.3 μg m-3 respectively, to the monthly-mean
population- weighted concentration.

• For the city of Bogota, it was found that the paving of unpaved roads,
the heavy-duty vehicles renewal and technology change in the industry
can generate a maximum reduction of 8.0, 2.0 and 1.6 μg m-3
respectively, benefiting low and middle income areas of the city.
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Conclusions
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