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THE INHALE PROJECT — DATA SCIENCE

INHALE - IMPATTI SULLA SALUTE UMANA DI AGRICOLTURA ED
EMISSIONI DA ALLEVAMENTO

* Analyse the impact of agriculture on the air pollution in
Lombardy, using 2 frameworks:
» Machine learning differences-in-differences: using the natural
experience of the COVID-19 lockdown (Granella et al 2021
Environ. Res. Lett. 16 035012)
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* Analyse the impact of agriculture on the air pollution in
Lombardy, using 2 frameworks:

» Machine learning differences-in-differences: using the natural
experience of the COVID-19 lockdown (Granella et al 2021
Environ. Res. Lett. 16 035012)

» Causal inference: Estimate the impact of agriculture intensity
policies
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» National zootechnical registery

» Landuse data (DUSAF, version 6.0)

AQ stations and NH3 industries in Lombardy
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DATA — STATIONS WITH CHEMICAL COMPOSITION OF PMy,

AQ stations and NH3 industries in Lombardy

NH3-related plants
NH3 industry

PM comp. AQ stations type

© Traffic station
© Background station

NH3 AQ stations
® Bertonico

Colico

Corte de Cortesi

® Cremona - Via Fatebenefratell
Cremona - via Gerre Borghi

© Milano - Pascal Citta Studi
Milano - via Juvara

 Moggio

Monza Parco

Pavia - via Folpert

Piadena

Sannazzaro de' Burgondi - AGIP
Schivenoglia

chivenoglia <+



EMISSIONS SPATIAL DISTRIBUTION

095135 828-49.08

« Marongiu, A., Angelino, E. , Moretti, M. , Malvestiti, G. and Fossati, G. (2022) Atmospheric Emission Sources in the Po-Basin from

the LIFE-IP PREPAIR Project. Open Journal of Air Pollution, 11, 70-83. doi: 10.4236/0jap.2022.113006.



SYNTHETICS: DIFFERENCE-IN-DIFFERENCES

How can we use the COVID-19 Lockdown to
isolate the effect of Agriculture?
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meteorological variables and their strong relationship with
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+ Building counterfactual models to estimate SIA using only on
meteorological variables and their strong relationship with
pollution

Pascal_NH3
GBR: R2=0.37, RMSE=4.02




BUILDING COUNTERFACTUAL - DEALING WITH MODEL UNCER-

TAINTY

» We have used Machine learning methods to built the SIA
counterfactual and estimate what would have been the SIA
concentration had the Lockdown not happen:

» SIA concentrations predicted using only weather variables
« First results showed large variability in out of sample validation

» Low number of available SIA data — high variability in
performance

Finally: we used 7 different cross-validated machine learning
methods using 200 random samples of train and test sets.



SCHIVENOGLIA — RURAL BACKGROUND STATION

Model fitting for
2020 Schivenoglia station
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Model fitting for
2020 Schivenoglia station
[NH4NO3+(NH4)2504]

Model ~ bagEathGCV — blackboost — gimnet

Model performance comparison
for 2 nogia station
INHANOS(NH4)2504](ug/m3)

Model © bmfmooy A bt B gt

[NHANO3+(NH4)2504] (ug/m3)

AMSE










DO THE MODELS PREDICT A SIGNIFICANT IMPACT OF THE LOCK-
DOWN ON SIA?

Lockdown impact — >
differences-in-differences, regression of

Yy —y = o+ Blockdown + €
Decision under uncertainty
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SIA [ug/m’] NH; [ug/m’]

Point etimate Uper bound Lower bound Point estimate

* NHj; has significantly decreased

* NO, decreased (Granella et al. 2021)

* No significant effect on SIA

» asin: P. Thunis et al. (2021)

» NH; decrease may be due to traffic activity reduction
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SIA [ug/m®]

* NH; decreased in PASCAL (near Scenato)

* NO, decreased (Granella et al. 2021)

* Best performing model: significant decrease

» Multi-criteria weighted average: no significant decrease
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UNDERSTANDING WHAT HAPPEN DURING THE DRASTIC HALT IN

HUMAN ACTIVITIES— DID AGRICULTURE PLAY A ROLE?

l Ammonium nitrates decreased? l

no yes

l NOy decreased? ‘

NO, decreased?

no  y3

’ NHj3 decreased?

NH3 decreased? ’ NH3 decreased?

’ NH3 decreased?

no
y yes ne no
es
Y yes yes
Agriculture and
Emission NH3-sensitive traffic activity
activities Agriculture ac- SO, increased decreased
BAU tivities remained
unchanged
NO,-sensitive
Agriculture activities
*Increase of oxidizing remained unchanged

NO,-sensitive capacity of the atmo- NH3-sensitive
Agriculture activity sphere Agriculture activity
decreased O3 increase decreased

SO, decreased

* Thunis, P, Clappier, A., Beekmann, M., Putaud, J. P, Cuvelier, C., Madrazo, J., de Meij, A. (2021). Non-linear response of PM2.5 to

changes in NOx and NH3 emissions in the Po basin (Italy): consequences for air quality plans. Atmospheric Chemistry and Physics,
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l Ammonium nitrates decreased? l
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IMPACT OF LIVESTOCK INTENSITY

What is the marginal effect on pollution
when adding or removing one single
animal unit?



SPECIFICATION — ESTIMATE THE IMPACT OF AGRICULTURE IN-

TENSITY POLICIES

Coit =B+ D>, O BuALjy x Q4+ X[ T+ Ay
jEBNG acA

« Cdaily concentration of pollutant p in station i at time t, p € NH3z, PMy(

« Bisdefined as
{/EB:di/-<r}

containing all the municipalities at distance 7 from i

+ G defined as
{ieg: zijrewn,}

all the municipalities placed on wind direction measured in i at time + (WDM)

« A cattle and swines

= for each station we have the variation of livestock units (AL), calculated as the net variation of all municipalities found on the wind

direction in time t and distance r from the monitoring stations.



DATA - ESTIMATE THE IMPACT OF AGRICULTURE INTENSITY POLI-
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RESULTS — ESTIMATE THE IMPACT OF AGRICULTURE INTENSITY

POLICIES
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CONCLUSIONS AND FURTHER WORK

« In rural areas the SIA remained insensitive to the lockdown,
showing that in these sites air pollution policies need to target
livestock emissions.

» Ongoing work: building NO,-NH3 SIA isopleths per station
» The ammonia reductions (probably from traffic too) were
instrumental in decreasing SIA in the traffic areas
+ average effect of 1% increase in cattle livestock intensity
translates into 1.8% average increase in ammonia
concentrations and up to 0.425 PMyg ug/m3

» Use the effect of manure broadcasting to estimate health impacts
(PhD thesis Lunghi J.)
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lara.aleluia@eiee.org



