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Problem statement

Primary
pollutants

The term “air pollution” could
co o pollutants seem something related to the

50, NO; - | recent years but, the importance

S lios! hydrocarbons - >0y of this for the human being, was

g osipeniod ertidie \ HNO;  H380, recognized far before 18th

1 Tl R O~ FANs century when scientist like

e o mf_ s Rutherford and  Lavoisier

discovered the chemical
composition of  atmospheric
pollutants.

SOURCES

| Stationary |

(Segers A., 2002)

Primary and secondary contaminants sources
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Problem statement

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).

(El Colombiano Photo/Rébinson S4enz Vargas) (AFP Photo/Raul Arboleda)

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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Problem statement o

In critical Danger
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Colombia, one of the
17 Megadiverse
countries in the
world, containing the
highest diversity in bird
and butterfly species
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A

Bioeconomy,
sustainable utilization
of the biodiversity and
integrated agricultural
production system, are
seen as major pillars of
growth

Distribution of National Natural Parks and paramo
ecosystems in relation to major urban centres in
Colombia

(Humboldt Colombia, report
2016)
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Problem statement

Territorio

Valle del Cauca Valle de Aburra Sabana de Bogota

7 Km

1Km

Depositas
de Vertiente

Planicie aluvial Planicie aluvial

Fuente: Modelo de Elevacion Lhgital del PUMUA

Topographical characteristic of Aburra deep-seated mountain valley
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“The fact that the Medellin Valley is
much more polluted by heavy
metals than the Cali area, is
certainly not only due to the higher
industrialization degree and the
heavier traffic, but to a
considerable extent also to the
topographic situation and
climatic features of this region
The Cali Yumbo area is much
more open, and at least in the
hours of the afternoon a cleaning
up of the atmosphere can take
place when strong western winds
blow away the polluted air
masses.”

(Schrimpff, 1983)
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Problem statement

(Collage made from SIATA video Images)

Aburra valley normal meteorological conditions
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temperature (at the surface) fields in South America
“The Volcano of the Aburraes”
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Problem statement

One single nitrogen atom , moving along its biogeochemical pathway in
ecosystems, can have a multiple negative impacts in sequence, “nitrogen
cascade” (Galloway et al., 2003).

Gaseous atmospheric
Precipitation nitrogen store
Fossil fuel ‘ ' (Nz)
emissions o Lightning fixation
(NO) ; (NO)

3 N Bacteria fixation Gaseous
Gaseous oz (organic N) NH,
losses :

fertilizers
- (urea, NH;, NO3)

Eutrophication

Denitrification  =——

Courtesy of Southwest f—!ydra.'ogﬁ

. Affection to photosynthetic activity
Nitrogen cycle
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Methodologies used to estimate the transport of
contaminants

Chemistry transport model (CTM)

Compute numerical model which simulates the atmospheric chemistry and transport

Fluxes Chemical production/loss Deposition

Eulerian < > Lagrangian
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Theoretical framework

Methodologies used to estimate the transport of contaminants

Emissions
Chemistry
Land use
Periodical simulated
v Transport > concentrations of
Meteorology gases and aerosols
Deposition
Boundary conditions
Output
CTM
Input Data
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Theoretical framework

CTM Chemistry Transport Models: LOTOS-EUROS (Long Term Ozone Simulation)

Advection Diffusion
! .
it
aC oo ac 0C o A 4, A 4, aC
—4+U—+4V + W - —(Ky— )+ —(Ky—)+—(Ky—)+ E4+R+Q—-D—-W,
It il hy = B il hy Hy 0z P E f
Diffusion coefficients: W Vv I Wind components each direction ac
K = 1T E  Entrainment and detrainment ot e
R Generation/consumption by chemical reaction AD =Cy(1 — e M)A
Tief = \J [(dji + d%)) + (‘J}—l — d}—l)J] 2 Emissions
dr  dy dr  dy 0 .\
D W, Dryand wet deposition processes Contribution depositions
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Theoretical framework

Methodologies used to estimate the transport of contaminants

Satellite
Meteorology < |
Chemistry Air measure
Emissions
I\
V] Transport Ground measures
Land Use
Observations
Boundary Deposition
conditions
ot '(\Z/Ihernlistry Transport Periodical simulated
ode concentrations of
gases and aerosols
Data Assimilation | > Output
|
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Theoretical framework

Data assimilation: “Formal techniques for structured integration of data and models” (Deltares)

Improvement of real time forecasts
Calibration of uncertain model parameters
Uncertainty analysis

Study the potential value of new observations
Estimation of uncertain sources

Assimilation: Finding the most likely state of the model

Calibration: Finding the most likely model fitting the data
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Theoretical framework

Data Assimilation techniques

< S

Variational methods Filter Techniques
Adjoint of the forward model: Kalman filter approach:
Looks for the set of optimal Sequential method that search
states that minimize cost to improve the model
functions between predictions reducing the
observations made and model covariance error between
outputs observations and model outputs

UNIVERSIDAD

EAFIT

Inspire Create Transform

16




Consider a nonlinear discrete time given by:

Th eO retl Cal fra m eWO rk State vector ek 1) = Malk) + wik)

Observation ylk) = Hr(k) +v(k)
Measurements at / \ Differences between
time k+1
&+

. measurements and 1 I:II!‘L. ] W I: II|‘IL. ] . (_’EI |: ;,_~ :| R |: .I._‘ ]

observations on the model

N .
Measurement Ot;esa:ri;edrr;s;;s o Indepe.ndent ReSpeCtlve
uncertainty prediction Gaussian Covariances
H K random vector control variables

Model uncertainty Corrections projected

Predicted on the model state

state state

+ ® at time k+1 + M Transition matrix
M —) X
Model state H  Observation matrix
at time k
Model state

at time k+1

rik|k) = z(k

E—1)+Klylk) — Hx(k|k — 1]

The EnKF is a modification that uses Monte Carlo approach to estimate the minimum variance solution to the state
estimation problem (Evensen G., 2009).
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Theoretical framework

Observation sensitivity experiments: Study the impact of various sets of observations on the accuracy of the
subsequent forecast

J{kdlom) = (ylk+m) — Hxr(k+mll) VR Y y(k+m)) — Hr(k + mi|l))

(Todling, 2012)

In particular we are interested at the impact of the observations at the most recent analysis update

Ty(klk) = T(k|k — 1) + sK[y(k) — Hx(k|E —1])] 0<s<1

Jslke,m) = (ylk+m)— Hiy(x +m|k) VR Nyl +m)) — H,(k + mlk))
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Theoretical framework

When a new observation is available, the analysis step is used to compute the analysis ensemble
from its forecast based on the sample covariance matrix of the forecast ensemble

ATk m) = k. m) — Jylk.m)

AJ(k,m) =~ [(y(k+m)—HX(k+m|k))+(y(k+m)—HX(k+m|k—1))]
R(k+m) "' Dk+m|k—1)D(k|k—1)

(D(k|k—1)D(k|k— l)’+R(k))_](y(k)—H§:(k\k—I)) (18)

(Verlaan, 2016)
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Current research questions

- What kind of satellite information or ground based sensor networks would help us to have more
data of interest to increase the spatial and chemical resolution of the different compounds from the
data we have available today from the models that we are working with.

- How can we apply techniques to retrieve more information of the observations measured when we
experience in them uncertainty due to the systematic error presented like the techniques used by
(Van Damme M. et al., 2015)?

- Is it possible, under linearity and stationarity assumptions, to use the observation impact analysis
methods developed by Verlaan and Sumihar, 2016 to improve the Data Assimilation Schemes over
LOTOS-EUROS model forecasting on Colombia?
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Current research questions

- What kind of satellite information or ground based sensor networks would help us to have more
data of interest to increase the spatial and chemical resolution of the different compounds from
the data we have available today from the models that we are working with.
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Sources of data

Polar-orbiting
meteorological _ ’ Polar-orbiting
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Sources of data

E£2 ®

v /\L ‘/\ MERCATOR OCEAN
O ocn, - \OPEMICUS
desa | CSECMWF

European Space Agency I
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Methodologies used to estimate the transport of
contaminants

Satellite
Meteorology < |
Chemistry Air measure
Emissions
N
q Transport Ground measures
Land Use
" Observations
Deposition
Boundary
conditions
Chemistry Transport Model . ,

Input Periodical simulated
concentrations of
gases and aerosols

Data Assimilation > Output
|
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Initial characterization of the
data available

MOLINOS DE CAMPO TOTAL DE SENSORES EN EL
MUNICIPIO PLUVIOMETROS NIVEL METEOROLOGICAS DISDROMETROS HUMEDAD ACELEROGRAFOS CEILOMETROS B ECTRICS CAMARAS RINEFIE

Barbosa 1 1 3 1 0 2 0 0 0 8
Girardota 4 0 0 0 0 1 0 0 0 5
Copacabana 4 1 1 0 0 1 0 0 0 7

Bello 6 5 0 0 0 0 0 0 0 1

Medellin 49 16 9 1 2 22 2 3 9 113
La Estrella 3 1 0 0 1 2 0 0 0 7

Sabaneta 5 5 0 0 2 1 0 0 0 13
Itaguii 3 2 1 0 0 1 1 0 0 8
Envigado 1 1 0 0 0 1 0 0 0 3
Caldas 3 2 1 1 0 1 0 0 0 8
San Pedro (vereda El 1 0 0 0 0 0 0 0 0 1

Tambo)
Guame 1 0 1 1 0 0 0 0 0 3
Guatapé 0 0 0 1 0 0 0 0 0 1
Hydrometeoro|ogica| Santa Rosa de Osos 0 0 0 1 0 0 0 0 0 1
d Salgar 2 2 0 0 0 0 0 0 0 4
radaar g 1 0 0 1 0 0 0 0 0 2
GRAN TOTAL 84 34 16 7 5 32 3 3 9 @
Summary of the sensor of SIATA

_W:

¥

Prae—
25 D0 vamir )

Con el apoyo de:

SIATA Vaisala Raptor VAD-DL Detect inc 105 until 2016

EPA regulated
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Initial characterization of the data available

OZONE
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Topographical map of the region under study, showing the political boundaries of the Aburra Valley cities;

Inspire Create Transform

Mbving} histograms for th; ozone c\oncentratvion o

Q1 Q1 Q3 Q4 SIATA
Q1 1.0 0.89 | 0.90 | 0.86 0.70
Q2 0.89 1.0 0.86 | 0.90 0.72
Q3 0.90 | 0.86 1.0 0.88 0.77
Q4 0.86 | 0.90 | 0.88 1.0 0.74
SIATA | 0.70 | 0.72 | 0.77 | 0.74 1,0

Correlation coefficients for MACC and SIATA O3
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Initial characterization of the data available

Ozone - MACC Ozone - SIATA

Ozone - MACC
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MACC project (http://www.gmes-atmosphere.cu/ ), which is the functioning instrument
of the Copernicus Atmosphere Monitoring Service.

March 31, 2015; and April 30, 2016
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http://www.gmes-atmosphere.eu/

Methodologies used to estimate the transport of
contaminants

Satellite
Meteorology < |
hemi
Chemisty Air measure
Emissions
Observations
Boundary Deposition
conditions
Input Chemistry Transport Model Periodical simulated
concentrations of

gases and aerosols
Data Assimilation | > Output
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Initial characterization of the data available

Land Use Grid Map

Shannon Index (Entropy)

15

Latitude

Longitude
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Initial characterization of the data available
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Methodologies used to estimate the transport of
contaminants

Satellite
< |
hemi

Chemistry Air measure
Emissions

Transport Ground measures
Land Use

Observations
Boundary Deposition
conditions
Input Chemistry Transport Model Periodical simulated
concentrations of

gases and aerosols
Data Assimilation | > Output
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Initial characterization of the data available

GRID 0.14 GRID 0.25 GRID 0.7
ECMWEF LOTOS EUROS MACC
* Inactive stations IDEAM stations

* Active stations
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Current research questions

- What other satellite information or ground based sensor networks would help us to have more data
of interest to increase the spatial and chemical resolution of the different compounds from the data
we have available today from the models that we are working (LOTOS EUROS integrate with the
WRF)

- How can we apply techniques to retrieve more information of the observations measured when we
experience in them uncertainty due to the systematic error presented like the techniques used by
(Van Damme M. et al., 2015)?

- Is it possible, under linearity and stationarity assumptions, to use the observation impact analysis
methods developed by Verlaan and Sumihar, 2016 to improve the Data Assimilation Schemes over
LOTOS-EUROS model forecasting on Colombia?.
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Thanks

Questions
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