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MOTIVATION

Air Quality Crisis — Medellin, 2016

Medellin, jueves 12 de febrero de 2016, 7:00 am
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MOTIVATION

Poor Air Quality — A Major Problem

With deaths projecting to reach 3.6 million per year in 2050, air pollution will soon overtake contaminated water and poor sanitation as
the world’s leading environmental cause of premature deaths (Green et al., 2013).

Photo: Raul Arboleda (AFP) Photo: Rébinson Saenz (El Colombiano)

9,2 % of the deaths in the valley are related to the contamination problem (Metropolitan Area of Medellin, 2016). The air quality in cities
of the Aburra Valley (Medellin, Colombia) and neighboring cities is among the worst in Colombia.
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BACKGROUND

Pollutants and their exit from the valley

6

(Collage made from SIATA video images)
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DATA
Air Quality Monitoring Stations
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Sasn Carlos

Screen capture from https://siata.gov.co/siata_nuevo/ - March 7, 2018 at 07:15 (left); May 31, 2019 at 13:40 (right).

* POECA = Plan Operacional para enfrentar Episodios de Contaminacion Atmosférica)
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BACKGROUND

Atmospheric Pollutant Dynamics

Urban plume

Washout and rainout Polluted air

leading to wet deposition

N
'y

-1:*‘

Acid rain damages aquatic

and terrestrial ecosystems — =

Leaf damage reduces growth
of forests and croplands

Poilutants adversely impact
health of urban populations
“Particles and greenhouse gases change
radiative transfer, visibility and climate
/
Pollutants corrode materials, damage

Background air Pt R
buildings and infrastructure

Source: Oke et al., 2017.
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MODELS

Chemistry Transport Models (CTM)
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https://siata.gov.co/siata_nuevo/

MODELS

Chemistry Transport Models (CTM)

land cover emissions

concentrations & depositions

Model domain — Emissions from residential
‘ and commercial sector

Emissions from

outputs
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MODELS

Implementing LOTOS-EUROS in NW South America




MODELS

Implementing LOTOS-EUROS in NW South America
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MODELS

Updating Topography data in LOTOS-EUROS

GMTED 2010. Global Multi-Resolution

Lotos E t 0.14°
o uros curren Elevation Data 0.002°
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MODELS

Effects of Updating Topography data in LOTOS-EUROS
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MODELS

Updating Land Cover data in LOTOS-EUROS

Original (MACC GLC 2000) Updated (ESA CCI) Reality (2017)
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MODELS

Updating Land Cover data in LOTOS-EUROS

Original (MACC GLC 2000) Updated (ESA CCl)
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MODELS

Updating Land Cover data in LOTOS-EUROS
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Data Assimilation for the Aburra Valley




MODELS

87°W

83°W

Ensemble Kalman Filter — PM over the Aburra Valley

79°W 75°W 71°W 67°W 63°W 59°W

I

Inspira Crea Transforma
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Vigilada Mineducacion

17°N

13°N
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5°N

3°5

¥

Domain Longitude Latitude Cell size
D1 S1°W-60"W H.0°5-18°N (.27°
D2 80.5°W-7T0°W 2°N-11°N (.09°
D3 TT.2°W-T3.9°W | 5.2°N-8.9°N 0.03°
D4 T6OW-T5°W 85.7°N-6.8°N 0.01°

Table 1: Nested domain specifications
Period TFrom 31-March-2016 to 25-April-2016

Time resolution 1 hour

Domain [-76 to -75] west x [5.7 to 6.8] north

Spatial resolution 0.01% = 0.01° ~ 1lkm x lkm

Metereology ECMWTE. Temp.Res:3 h. Spat.Res: 0.07° x 0.07°

Initial and boundary LOTOS-EUROS (D3). Temp.Res: 1h.
Spat.Res: 0.03% x 0.03°

EDGAR V4.2

conditions

Nominal Emissions

Table 2: Experimental setup
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MODELS

Running LE for the Aburra Valley

Validation in Station Universidad San Buenaventura-37
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MODELS

Running LE for the Aburra Valley

Validation in Station Casa de Justicia kagui-28
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DATA ASSIMILATION
Ensemble Kalman Filter — PM over the Aburra Valley
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DATA ASSIMILATION
Ensemble Kalman Filter — PM over the Aburra Valley

We used a EnKF and a stochastic model for parameter estimation
xe = M(xt—41)

Se; = ade;_; +vV1 —a? wy

e = [aser 7 Tl

The coefficient o represents the time correlation parameter. Using

the parameterization a =exp(-1/7t) for a given time correlation
length 7.

We are considering uncertainties in:
« PM, +BC Emissions

. NH3 Emissions
. SOX Emissions



DATA ASSIMILATION
Ensemble Kalman Filter — PM over the Aburra Valley

DA Scheme Calibration , Second Emissions Week/Weekend

i estimation Forecast

» (Calibration of p, 7 and R. I« Implementation of the » Testing different initial

* First emissions estimation. 1 calibrated DA Scheme day and emissions
I+ Estimated emissions correction factors for
| as nominal emissions. the forecast period .
I
I >
: weekday forecast weekend forecast
: inheritance (3 days ) > (3 days)
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— DA oo

Calibrated DA Scheme
Estimated emissions
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DATA ASSIMILATION

PM

10

Ensemble Kalman Filter — PM over the Aburra Valley
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DATA ASSIMILATION
Ensemble Kalman Filter — PM over the Aburra Valley

200 Validation in Station Casa de Justicia ltagui-28
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DATA ASSIMILATION

Ensemble Kalman Filter - PM FORECAST over the Aburra Valley

Validation in Station Universidad San Buenaventura-37 « Observations
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DATA ASSIMILATION

Ensemble Kalman Filter - PM FORECAST over the Aburra Valley

20 Validation in Station Casa de Justicia ltagui-28
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DATA ASSIMILATION
Ensemble Kalman Filter for over Aburra Valley

Ensemble Kalman Filter (EnKF) EnKF with prior knowledge (EnKF-KA)
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MOTIVATION

What is the fate of urban atmospheric pollutants?
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SIMULATIONS

Urban centers
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SIMULATIONS
Urban centers as point sources
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SIMULATIONS
Nitrogen deposition in Colombia’s Protected Areas (2016)
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SIMULATIONS
Nitrogen deposition in Colombia’s Paramos (2016)
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SIMULATIONS

Nitrogen deposition in Colombia (2016)
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SIMULATIONS
Ozone deposition in Colombia (2016)

78°W 76°W 74°W 72°W 70°W 68°W
=]

78°W 76°W

Ozone (Kg/ha.year)
[Jo
I 23

Ozone (Kg/ha.year) o
(=) 0

[ 123
Bl 46
69
I 52
I 15




SIMULATIONS
Urban centers as point sources — March 2016
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SIMULATIONS
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Urban centers as point sources — June 2016
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SIMULATIONS
Urban centers as point sources — September 2016
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SIMULATIONS

Urban centers as point sources
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SIMULATIONS

Need better models for tropospheric ozone
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Satellite Data for Better Simulations

TROPOMI (Sentinel 5P)

Source: ESA
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Novel ways of generating data — H.I.P.A.E.

H.I.P.A.E. Mission e

(Helicopter In Situ Pollution Assessment Experlment)
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DATA

Novel ways of generating data — H.I.P.A.E.

Case for the hanging
experiments

Counterweight
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DATA

Novel ways of generating data — H.I.P.A.E.

Particle
counter

Air pumps

Nano filters trap
for pollution
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DATA

Novel ways of generating data — H.I.P.A.E.

ARDOTA
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Thank you.
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