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Evaluacion de modelos

Dispersion y transformaciones

1

Emisiones

Remocion

GF3022 2011

\/




Circulacion y erupcion del Puyehue/Cau
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¢ Hasta donde alcanzo el penacho?
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the evolution of the plume from 1:45 p.m. local time
June 4, 2011, until 10:45 a.m. June 6, 2011.

GF3022 2011

http://earthobservatory.nasa.gov/NaturalHazards/view.php?1d=50882




- . http://www.tiempohoy.es/es/home/tiempo/modelos-meteorologicos/gfs-
GeOpOtenCIal de 300 hPa e isotacas popup/archiv/SAmerica/wind300/2011060700/nothumb/on/0/ch/e9al1b832ba
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Aerosoles-Puyehue/Caulle:
alrededor del amundo
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Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations
(CALIPSO, http://www-calipso.larc.nasa.gov/)
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Didxido de azufre desde satélites

Location of volcanoes -50" -40°
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1 help you, reach out! Stretch your tiny paw...!
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Lavoisier, 1789
Dispersion y transformaciones
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Modelos Gaussianos
Estacionarios

GF3022 2011
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Frank Pasquill
1914 — 1994
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Desafio: jjEstimar los sigmas!!

GF3022 2011




Los sigmas se determinan empiricamente....

_ K 1X K 4 X

Gy (X) - k Gz (X) — k
1+(x/k, )| [1+(x/k, )]s

Clase de ky ks ks ky Ks

estabilidad

A 0.250 927 0.189 0.1020 -1.918
B 0.202 370 0.162 0.0962 -0.101
C 0.134 283 0.134 0.0722 0.102
D 0.0787 707 0.135 0.0475 0.465
E 0.0566 1070 0.137 0.0335 0.624
F 0.0370 1170 0.134 0.0220 0.700

Pasquill, F. (1961). The estimation of the dispersion of windborne material, The Meteorological Magazine, vol
90, No. 1063, pp 33-49.

GF3022 2011



Clasificacion de Pasquill

Viento (m/s) Insolacion  Insolacion  Insolacion ~ Nubosidad  Nubosidad
fuerte moderada debil nocturna nocturna
Inferior a 4/8 superior a 4/8

<? A AB B -

2-3 AB B C E F
3-5 B B,C C D E
5-6 C CD D D D
>6 C D D D D

Pasquill, F. (1961). The estimation of the dispersion of windborne material, The Meteorological Magazine, vol
90, No. 1063, pp 33-49.
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SIGMA'Y (m)
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Las cosas no siempre se pueden aproximar a la Gauss

Reversal of Plume Direction due to Vertical Wind Shear

@The COMET Program

GF3022 2011



Reflexion/Absorcion total en una

superficie...
9 fay [ [ 1@H |, [ 1@+HY
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Deposicion Seca/Humeda

C(X, Y Z) ~ [idem]*exp ___X T = anpa_ll’mite
Ut Vdep
tanaz% [ ] mm/s; [u] m/s

—
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iDe muy facil acceso!

- @ | * - EPA gaussian

TTNWeb Home

SCRAM Home
r Quality Models

Modeling Applications
& Tools

Modeling Guidance &
Support

Meteorological Data &
Processors

Conferences &
Workshops

Reports & Journal
Articles

Related Links
About AQMG

U.5. ENVIRONMENTAL PROTECTION AGENCY
Technology Transfer Network

Support Center for Regulatory Atmospheric Modeling

Search: O AllEPA @ This Area

Contact Us

You are heret EPA Home » Air & Radistion » Technology Transfer Network » Support Center for Regulatory Atmospheric Modeling » Screening Models

Screening Models

You will need Adobe Acrobat Reader to view the Adobe PDF files on this page. See EPA's PDF page for more information about getting and using the free Acrobat Reader.

The models listed here are screening models that are usually applied before the refined air quality model to determine if refined modeling is needed. The models in this section include AERSCREEN, COMPLEX1, CTSCREEN, RTDM3.2, SCREEN3, TSCREEN, VALLEY,
and VISCREEN.

Screening Models

AERSCREEN

AERSCREEN is a screening model based on AERMOD. The model will produce estimates of "worst-case” 1-hour concentrations for a single source, without the need for hourly meteorological data, and also includes conversion factors to estimate "worst-case”
3-hour, 8-hour, 24-hour, and annual concentrations. AERSCREEN is intended to produce concentration estimates that are equal to or greater than the estimates produced by AERMOD with a fully developed set of meteorological and terrain data, but the
degree of conservatism will vary depending on the application.

AERSCREEN (Version 11126) code including the latest MAKEMET code (Version 09183) is provided below along with documentation and test cases. The MAKEMET program interfaces with AERSCREEN to generate a site-specific matrix of screening
meteorological conditions based on user inputs for input into AERMOD.

Please note that before using AERSCREEN, users must have the latest AERMOD executable (09292 or Iater] as well as the AERMAP terrain preprocessor and BPIPPRIME executables. These programs can be downloaded from the AERMOD Modeling System
section.

Model Code
AERSCREEN code and executables (556KB,ZIP)
MAKEMET code and executables (294KB,ZIP)

Model Documentation
README

User's Guide

Model change bulletin #1
Model change bulletin £2
Model change bulletin #3

Key changes since Beta release
Test Case (40.6MB,ZIP)

COMPLEX1
COMPLEX1 is a multiple point source screening technigue with terrain adjustment that incorporates the plume impaction algorithm of the VALLEY model.

Model Code
Executable (129KB,ZIP)

Model Documentation
User's Guide is presently not available
Latest Model Change Bulletin

http://www.epa.gov/scram001/dispersion_screening.htm

GF3022 2011

2B



Modelos Gaussianos Estacionarios

Ventajas Desventajas
e Son empiricos
* Faciles de usar (y « No manejan bien:
adquirir) — calmas
 Solucion sencillaa — transf. quimicas
problemas complejos

| _ — procesos de
» Se alimentan con Inf. deposicion

meteoroldgica simple _ terrenos complejos

GF3022 2011



Tipicamente, para modelos
gausslanos...

Condiciones ideales (gaussianas): cerca (10
km), tiempos cortos de promedio (min-hr),
terreno plano, meteorologia constante 10-
20%

ldem salvo fuentes en altura, 20-40%

Condiciones no tan ideales pero no
extremas....factor 2

Condiciones extremas tipo bordes
costeros...orden de magnitud

GF3022 2011



http://www.risoe.dk/vea-atu/atm_disp/rimpuff/rp_ind2.htm

Modelos Gaussianos
No Estacionarios

O
O
M 1(e-x)] |1 1 T 1(z-2)
A= — exp-—(P Rj exp-—[yP yR] exp-—(P R]
(2n) 6,0, 2\ o 2\ o, 2\ o,

Desafio: jjEstimar los sigmas y
las trayectorias de los “puffs™!!

GF3022 2011



Modelos Gaussianos
No Estacionarios

Ventajas Desventajas
e Son empiricos
« Manejan situaciones * Requieren iInf.

no estacionarias meteorologica
. Manejan situaciones detallada
de viento en calma » No manejan bien:
1-‘_"('

— transf. quimicas

— procesos de
deposicion

GF3022 2011



Una aproximacion mas dificil:
simular la turbulencia
Large Eddy Simulations (LES)

Snapshot

LES EQUATIONS

o, ou, . 1 g o .
ot ox, 1, P2 Ox; Ox;
S g
wev u, = .UJ. u.G dxdydz
— — . — ~ P —
ou, . cu, g ~ 1op O, —uu, GRT
— i, =20 ———— + 00—
ox, 1T £ Ox, X Ox,

Joseph Smagorinsky
(1924-2005)

Se simulan, a partir de Navier-Stokes, los remolinos

Importantes (?) y se parametrizan los mas pequenos.
GF3022 2011



Simulando turbulencia/micrometeorologia

Predict Statistics Predict Instantaneous Flow Structure

(Vortices Visualized by
Isosurface of Q-criterion =0.3)

RANS, URANS =
o(l) DNS O(1M-x),
Highly Modeled, LES 0(10°)
Inexpensive Potentially more

accurate, but expensive

=

LES when resolved, RANS in

attached Boundary Layers
DES Methods (DES, ZDES, and DDES)
O(10-1%°)

Reynolds-Averaged Navier-Stokes (RANS)
Direct Numerical Simulation (DNS).
Large Eddy Simulation (LES)

o GF3022 2011
http://www.arl.psu.edu/capabilities/fsm_cm_eddysim.html



Box (0-D)

GF3022 2011

Column {1-D)
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I\/Iodflos de Caja/Aprox. estacionaria
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Aproximacion a la Lagrange...

(:j—(t: =—CV.V-V.<Cc'V>)+Q-S

10 AM

]
6 AM

d(CH): E +RH—i
at AXAyY AXAyY
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dCs _ =(l-a-B)= —( + ke + kmj& EMEP

dt D Eliassen et al, 1982. J. appl. Met.,
4C v 21, 1645-1661
_2:ﬂ9+ktC1— —2+kw2 C?2

dt D D

T fs/’”“‘""f;:§§E§§T—~!/ﬁ
N, T 1

<P

|
ke

"

2 3
S0, -S S0, -S 0]pgnn
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Modelos Unidimensionales (1-D)
: : .

4 Transport
4
Transport Chamisty
S Elevated emissions 4
?
¥
Transport Chemistry Transport
—p Elevated emissions ——p =
$ Transport =
>
i)
Transport Transport )
—p Elevated emissions —> 2 8
=
4 Transport
Emissions v
Transport Wet and dry Transport
—t—p D T S-S 1.
? deposition

GF3022 2011
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Height (km)
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Tropospheric Life Cycles of Climatically Important Species

Stratosphere

Hydrosphere
@& Greenhouse Gases @ Reactiv
& Primary Pollutants @ |ess Reactive R:
& Natural Biogenic Species @® Reflective Aerosc
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Pausa 5 minutos

i, 3022 2011
ﬂf.l}mj
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Modelos de dispers
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—>

F=ma
E — const
M = const

Modulo Médulo de
meteorologico dispersion y
mezcla
V2]
2
= ‘ﬁ
.=
L
<
o
<
ad

 S—

Apoyo a la toma de decisiones

Emission inventories

) GF3022 2011
Observations




Modelacion (de quimica)

atmosfeéerica en Chile

80’s Pablo Ulriksen
(DGF)...Gaussianos/Caja

80...presente
Consultoras...Gaussianos
estacionarios y no
estacionarios

Tarde en los 90’s MATCH
Temprano en los 2000 WRF

Hoy modelos similares se
aplican en Santiago, Temuco,
Concepcion, La Serena...

Dispersion de SO2 desde Caletones en
conexion con una baja costera (Gallardo et al,

2002)
GF3022 2011



¢ Modelos en Santiago?...




Contenidos: evaluacion de modelos
de calidad del aire

e Fisicaen modelos vs.
fisica observada

— Precision vs exactitud

e |Indicadores
estadisticos

 Intercomparaciony
ensemble

« Modelacion inversa
(sensibilidad)

GF3022 2011



Modelacion

Mediciones

Modelos y observaciones/mediciones
son instrumentos de entendiemiento:
tienen errores asociados y son

s complementarios



Tras un modelo SIEMPRE hay
APROXIMACIONES vy datos Inciertos

 Datos de entrada con errores
Inciertos (e.g., inventarios de
emisiones; tasas de reaccion y
fotolisis)

 Escalas no representables
explicitamente
(parametrizaciones)

« Errores numeéricosy
computacionales

« Comprension incompleta o
erronea de procesos

GF3022 2011



Las observaciones son siempre
Imperfectas e Iinsuficientes

NB. Los modelos atmosféricos tienen hoy ~10°-108 variables de entrada
y ~ 108-10%° variables de salida.



%% 404 Error!
404 Error - Not found

This tadd
bb d

sage from
gﬂﬂ ﬂﬂf“
ygtob dd

:—r—.{

Errores

* Error: del Latin errare...vagar

Definicidon: Diferencia entre el valor medido
o calculado y el real

 Pueden ser: aleatorlos 0 sistematicos

GF3022 2011




Exactitud vs precision

Reference value
'y

Probability Accuracy
density “ >

< - * Value
Precision



...exactitud vs precision

Accurate Inaccurate
(systematic error)

Precise

Imprecise
(reproducibility error)




Indicadores de error

MB PRED, ; —OBs; ,
g

“Sesgo medio (Mean Bias)”

“Error medio (Mean Error)”  NME = Z Z‘ PRED -0 BS

1=l j=1
“Sesgo medio normalizado 1 m PRED —OBS. .
(Mean Nomalized MNB = ZZ -
Bias)” =1 j=1 OBSLJ
“Error bruto, medio, absoluto, normalizado
(Mean Absolute Nomalized 1 O [PRED. . —OBS. .
Gross Error)” MANGE = — Z Z L aE
|_1 J_l OBSI,]

GF3022 2011



Diagrama de Taylor
E = f -1 Sesgo (“bias”)

: /A
IZHZ[} _7)-G,-7)|*t . Error cuadratico medio

centrado(“RMSE”)
1 & -y B
RZEEU” -7 -1) Correlacion
o0, ‘
1 & iaciG
o= \¥ Y (2: — 7)2 Desviacion estandar

f: modelo; r:obsgryacion

Ref. Taylor, 2001



» O3 Daly MaxModals * MOA Daly Avvomge Modals

+ O Dally Mae Modals ¢ MH4 Daly Avorage Modals :

+ MNO2 Dally Awomgo Modals S04 Dally Avvorage Modols Dlagrama de Taylor

A 03DaiyMaxErsemide A NOY Daily Avemge Ensoriie normalizado para la

A O Daily Max Ersamble A N4 Dally Avorage Ersomble Intercomparacic’)n de 7

A BOZ Dally Aworage Ersombla &0d Dally Avorage Ersambla
modelos y su
“ensemble”

Vautard et al, 2008 (AE)




¢ Cual(es) indicador(es) estadistico(s) conviene(n)?

Tzhle 1
Stiwhcal quabity indicados for ar qualiy medel perfimmancs evaloation

Crozhity mehcadons Fovrmu b Rampe aof accepiahle vales  ldeal vale  Osmenabion
Ciorrelatiom enethicent L =1 1.0 Cir ane] Cp are the concentration ahserved
) ;:._I.lt._--:..”-:.,,--:” st predicind
T R J
Fractimal as FB = ﬁicl— (=2)-2 00 Co and Cp are the averaged concentration
l ?) otserved and predicied
|.1....:'.. ........................
Riond mean sdquared emor REME = |II$E- (g - [.'F :|£ na LI Ty anidl 7y are the standand denatms af
1‘ e olmervabions and pradictions
hormahned standard deviation NS0 = %’- -1 11
i 1
hicirmmatized mean square emor MMEE = —':I:“—_-E-EI— na. 00
ki
Averape nommaliead absalue b ANE = 'ﬁll na 01
]

Clenimetnc mean nas MU = exp{ In{o — Inl’p) LA 1.0 Cir, and Cp, are the abserved and predicted

. ) ) - fp— =1 3] _ chnceniration m memiaring sahon <17 a
e Vi = exp |I' InCa — Cp) | oo 14 the fofal number of moniormg dations.
Frachim of predichion: within a H{ 0.5-2 1140

tactar of 2 of olservatnon
[, ]
':|: g Lol
e o sgrecen d=1-= > 19 Borrego et al, 2008 (A E)

Y {1 - o)+ &)Y
sl

n.a. — mad applcahle.



Notar que las concentraciones de trazas
atmosféricas suelen ser log-normales (no
gaussianas)

:'=]....I....I..-.I....I.-..I...-}.
1 exp[ l[lnl[:rj—luj]_

z0v/27 22 | ] RMS 0 sesgo pueden
L5t ;'ﬁ‘x,ll — 1 ser engafiosos por los
|- = | valores extremos
1.0 | 1'-. - -
S = | Sesgo y varianza

1 geomeétrico son

{ mejores pero no tratan
1 bien el extremo

—— 1 Inferior

3.0

GF3022 2011 Borrego et al, 2008 (A E)



No hay evaluaciones estadisticas “normalizadas”
...pero hay a veces recomendaciones segun el interes

EPA’s quahity mdicators for air quality model performance evaluation
Chality mdicators EPA ldeal
values
MNormalizad #mrm-' .-nf T.h.e TN X LTI ]. h Ay =1 {Hl'llr-&"‘“ p w.l £]5-20%
concentration unpaired m space and time v P )
N
Mormalized bias test D= ]—,E — £5-15%
4 o= | i

_— : e _l.::'- Co—Cp, A
Gross error of all pairs Co>60 ppb E N oo E30-35%

E.g., para fines regulatorios,¢;cuan bien se describen los maximos
horarios de ozono? (Salud)  Grs022 2011



mzn.( Cop — Cp, )

RME = ,
Cop

Modelling quality objectives established by EU Directives

Pol lutant Cuality indicator Cuality objective Dhirective

S, MOs, MO Hourly mean 3060 1990300 EC
Daily mean A0
Annual mean 3%

M, Pb Annual mean 5004

0 s-hour mean 3% 2000069 EC

Benzene Annual mean 0%

Crzone B-hour daily mean S 20002003/ EC
1-hour average S

GF3022 2011



NB. Los analisis se hacen temporal y
espbaclalmente

;é 250
=4 200§ Keldsnor 10.7E 54 7N
) 150;
g 100;
Q Sof
O L " i
80 120 160 200 240
;;25[;{.<-‘..,,,,,,.,',,,,_'
E 200} Zegvex 4 8E 52 1N
=] '
2 150+ S
@ 100} b w ali
8 50.1 \ d -
O ol . .
80 120 160 200 240
5%
E 200! Temay 4 BE 456N
o |
S 1504 H
02 S 100 |
0.8 !
S0+
}E O cL " 2 "
8 80 120 160 200 240 280
22
28 2 20/} prcee——g—————————————p—t—————
A0 ‘_g 200%00”0“’1&455?\[
=
2 150‘»
@ 100}
| =
g 507
500 5.0 O ol n . .
200 300 80 120 160 200 240
1.00 1.00 Julian Day (in 2001)
.50 0350 y (
{135 035
.25 035
015 015
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88 Vautard et al, 2008 (AE)
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Estudios de sensibilidad

GF3022 2011



Modelacion directa e inversa de CO

Campos de viento,
temperatura, etc.

Inventario de
Emisiones

Datos de entrada = modelo = salida = evaluacion de salidas
(comparacidén con observaciones)




Modelacion directa e inversa de CO

SauUOISIWT
Campos de viento, o OLIEJUBAU|

temperatura, etc.

odelo de dispersion
—_—

2224 2 4 6 8101214161820
[hours]

Observaciones = modelo = Seleccion de parametros de entrada que
optimizan el modelo (evaluacion del modelo)



¢ Como se resuelven los problemas
Inversos?

WMDY VI DE :
'bOK LY LO%ESHO‘

Camino 1: Buscar un conjunto optimo de parametros
de entrada que maximice el acierto del modelo...

La busqueda se hace por métodos variacionales o
secuenciales

Se impone una “condicion de optimalidad™, es decir,
se define un funcional que minimice la distancia entre
modelo y observaciones.
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 Sirve para determinar problemas con ciertos procesos o estudiar
diferencias entre modelos

e ;Queé, como, cuando, dénde comparar?
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Se quiere dar cuenta de la varianza de las observaciones

03 Spread 03 Reliability
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Fig. & Spatial dstribution of the refiability index and normalized spread (see text), lar ozane and NO;.

GF3022 2011 Vautard et al, 2008



Definiciéon del
> Problema
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Evaluacion de
resultados

Comparacion
sistematica contra
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Intercomparacion
Analisis de sensibilidad



“..La fisica, como cualquier
otra ciencia, no se rige solo
por la inteligencia sino
tambien por la razon...”

/

Max Planck (1858-1947) en

“Wege zur physikalischen
Erkenntn is”
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Lecturas

 Capitulo 23 en:Seinfeld, J. y Pandis, S., e
1998. Atmospheric Chemistry and Phyics
From Air pollution to climate change, J.
Wiley and Sons, Inc.

« Capitulo 21 en: Jacobson, M. 1999:
Fundamentals of atmospheric modeling,
Cambridge University Press, Cambridge.

SEARCH INSIDE!™
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