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Please ask questions as we go along.....there is no such
thing as a “stupid question”!

*apologies for heavy bias to the work of my group
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The need for Earth System Models to understand

atmospheric composition
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Some general pointers on model evaluation n
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Evaluation rather than Validation

7 13

Avoid using model does a “good job”, “model compares well”,
“model in reasonable agreement” .......

Where possible make comparisons quantitative
Go beyond model bench marking

Comparison with observations should help improve our
understanding of processes in the atmosphere



How do we guantify model-observation
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agreement? : Metrics

OTest of Metries (Continued) :11 models for nss-SO,*

Models 1 B C D E F G H I o K L ] N
i 098 058 0598 0% 058 0598 058 0.598 0.98 058 058 058 058 058
i 0,36 137 119 134 122 118 118 102 0.7a 1.23 067 0.00 1.8 0
N 9 g 9 L] 9 ! 9 g9 ! g 9 9 a §
r 0,959 0.B40 0737 O.777 0839 0.76% 0953 05977 0809 0,692 0767 0.00 1.00 000
Difference

T .63 040 021 037 024 048 021 0.05 -0.19 025 031 DS +0.98 =
Ewmace 0.63 D46 042 052 0.4 042 024 014 0.42 052 041 098 +0598 +=
Eruser 074 088 052 o070 D48 048 037 016 .58 NAEY NES 0488 <088 +=
Aelative LNiTerence

B 465 123 081 038 040 140 034 0.4 g.18 07 Q0F -1.00 +1.00 4=
Emyae o6 1,26 1.07 080 ©O.BO 1.68 0,39 0,359 0.69 [1: T 0.62 1.00 +1.00 o
Buue d64 041 022 033 026 018 021  0.06 <0.20 026 032 100 +100 2+«
Epuee 064 D47 043 063 034 043 026 016 0.44 .63 D42 1.00 +1.00 +=
Hen -1.00 063 037 06 030 0368 022 06 -0.04 030 024 200 +067  +w
Erse 1.00 0.5 048 045 043 0568 027 0.24 0.47 053 053 200 +DET 4w
Bimier 180 041 022 038 025 018 0.21  0.05 024 0.26 -D.46 —= +1.00 +=
E suscr 180 047 043 053 034 043 0.28 0.15 0.54 0.53 0.81 = 4100 4=

*Model H: best: Model A: worst

*Models E. G. H: acceptable

If critenia: £25% (B, mr). 35% (Eypyer)

[slide: courtesy S. Yu]



Difficulties evaluating atmospheric composition

- n
In Earth SyStem MOdeIS UNIVERSITY OF LEEDS

« Sparse observations (mostly surface or column, some
aircraft, satellite)

* Errors in meteorology (GCM: doesn’t use ‘real’ meteorology)
« Resolution

* Sub-grid processes

- Compensating errors (e.g., emissions vs removal)

« Representativeness of observations
« “Special objectives” of “mission” observations introduces bias

- Temporal processes rarely observed (e.g., nucleation,
growth, scavenging)



Uncertainty analysis to determine sensitivity of
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Aerosol sources and processes:
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New particle formation

Coagulation

_ Secondary
Condensation particles QDQ)

_ Cloud
Coagulation condensation

_ Primary
Oxidation Condensatioy particles,soot,% Wet depadsition
soil dust, sea
salt

T f Dry deposition
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Evaluating particle formation mechanisms in a

global model

Hyytiala Forest Research Station, Boreal Forest, Finland
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Observations

—= | Binary Homogeneous Nucleation (BHN)

S 4 BHN + Primary particle

= | BHN + Primary particles + Boundary Layer Nucleation (BLN)

BLN Formation rate of 1 nm particles: J, = A [H,SO,]

f
Spracklen et al., ACP, 2006 n
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Synthesis of observations of total particle number

concentration

Locations of total particle number observations
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Crucial importance of those making
observations — involve early in analysis
and acknowledge with co-authorship
when appropriate

Spracklen et al., ACP, 2010
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Model evaluation to elucidate importance of different

orocesses for total particle number

1° emissions

r’= 0.36
NMB=-62.1%

r°= 0.46
NMB=-77.6%

CN model / em™
CN model / em™
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CN observations / cm™® CN observations / cm™

Spracklen et al., ACP, 2010
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Particle formation, particle growth and cloud condensation

nuclei
Pallas Hyytiala Hohenpeissenberg
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Spracklen et al., GRL, 2008
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Use the evaluated model to estimate the importance

of particle formation

Careful design of model experiments required

Combinations of model experiments were carried out to
obtain the relative contribution from primary particles (PR).
upper tropospheric nucleation (UTN). and boundary layer
nucleation (BLN) to particle number concentrations:

1. PR: Runs with only primary particles from particulate
emissions with and without ultrafine sea-salt. We can Primary particles only
calculate the confribution of ultrafine sea-salt to CN and
CCN from these runs.

12

PR+UTN: Runs with particulate emissions (without ul- Primary particles + Binary
trafine sea-salt) and UTN represented with the BHN homogeneous nucleation
(Kulmala et al.. 1998) nucleation parameterization.

(BHN or UTN)

3. PR+UTN+BLN: Runs with particulate emissions (with-
out ultrafine sea-salt). UTN represented with BHN D -
= +
(Kulmala et al.. 1998). and BLN represented by the ALL = Primary partICIeS
activation nucleation parameterization (Kulmala et al.. BHN + B_OU ndary Layer
2006). Nucleation (BLN)

These simulations were carried out by running the model
over the full year 2000 with 3-month spin-ups.

fit
Merikanto et al., ACP, 2009 ’
12 UNIVERSITY OF LEEDS




Particle formation accounts for ~50% of global CCN

number

Fraction of CCN from particle Fraction of CCN from primary
formation (gas-to-particle particle emissions

formation)

. - [ ] ] - |
0 25 50 75 100 % 0 25 50 75 100 %
- &
Merikanto et al., ACP, 2009 n
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Evidence from ambient observations for a role of organics in

particle formation

12 [ T TTTTT T TTTTT Observations
10k i Binary Homogeneous
nucleation
ol _ J=A[H,SO0,)

J=K[H,SO,]J2

J=k[H,SO,][oxorg]

altitude / km
O

| A particle formation mechanism including
| | organics results in better representation of
2+ - 1 vertical profiles of aerosol number
U- 1 IIIIIII SIIIIIII-

10° 10° 10* 10°

14 CN/cm™ STP Metzger et al., PNAS, 2010NIVERSITY OF LEED



Aerosol sources and processes:

Biomass burning

Coagulation

_ Secondary
Condensation particles QDQ)

Nucleation ©
O (4

Cloud iu’ ! "
Coagulation condensation

_ Primary
Oxidation Condensatioy particles,soot,% Wet depdsition
soil dust, sea
salt

f Dry deposition
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Impacts of tropical biomass burning on surface air

quality (PM2.5)

e AERONET
8 station

Aerosol optical depth (AOD)
underestimated.

Surface PM2.5 in Amazoniais
well simulated
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Kaiser et al., 2012; Marlier et al., 2012;

Tosca et al., 2013 PM2.5 observations c/o Paulo Artaxo
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Aerosol profiles over the Amazon provide additional

evidence of model performance

AMS observations during SAMBBA
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Issues with emissions: biomass burning emissions from

satellite

R tha! PM2 5| at. Santarem NE Amazon observations
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sources and processes.:

Secondary organic aerosol formation

Coagulation

Secondary
particles Do

= 1

I Cloud
drops
Primary

Oxidation particles,soot,% Wet depdsition
soil dust, sea

salt

T f Dry deposition
o

e . .._/ ..o.o.o \\‘A

_ Cloud
Coagulation condensation




Organic aerosol is dominant in the atmosphere — but

sources are very poorly understood
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Global budget of secondary organic aerosol (SOA) is

particularly uncertain
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Understanding sources and formation of SOA

AMS observations
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Using aircraft observations — standard model

underestimates organic aerosol

Altitude (km)
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Understanding sources and formation of SOA

Altitude (km)
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Atmospheric processes:

Oxidation

Coagulation

_ Secondary
Condensation particles QDQ)
Nucleation Oog o
Cloud

Coagulation condensation

_ Primary
Condensatioq particles,soot,%
soil dust, sea
salt

T f Dry deposition
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Going beyond evaluation of the model

UNIVERSITY OF LEEDS

Daytime change in ozone (09:00 -
17:00 UT) Cape Verde
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Read et al., 2008



ROIe Of halogens In ozone deStrUCtlon UNIVERSITY OF LEEDS
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Atmospheric processes:
Deposition

Coagulation

_ Secondary
Condensation particles QDQ)
Nucleation Oog o
Cloud

Coagulation condensation

_ Primary
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AerOSOI depOSItlon UNIVERSITY OF LEEDS
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NMB = +4.7%
r=0.72

But comparisons can also be
interpreted as test of emissions rather
than deposition.

NMB = -0.98% < e m[
r=0.71 N Fisher et al., 2011

I
0 0102 051.0 1.5 2.02.5 3.0 3.5

kg SO,* ha™




Multi-model evaluation creates additional
complexity

: POLARCAT-GRACE (Falcon.n=12)
) POLARCAT-France (ATR-42n=12)
" * ARCTASE %DGB__n— E!-%
1- * ARCTAS-A (DCE.N=09

"I & MOZAIC Locations
; * Arctic Stations

Using observations of
atmospheric composition in the
Arctic to evaluate a range of
chemisty-climate models

Monks et al., ACPD, 2014
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Developing methods to synthesise evaluation

. : n
of multiple models against the same data

o zcmcen
n m
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& s chem Ozone
= - . LII'..‘DE-IHEJ‘-'& < -
B 5
1.0F -
g T § 200"
= 0B =
a I a I
= B E 1.5;--'
-E 0.6+ =
o i n ¥
m u’] -
L ﬂ‘i__ n® @ i n a9
o Lot
E I !
E 0.2 g 0.5 5 '.
: 5 ﬂbé&ﬁ}ed _
oo, et MDD e e 1D
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.5 1.0 15 2.0
Normalised Standard Deviation Normalised Standard Deviation

Monks et al., ACPD, 2014



Satellite observations of CO and multi-
model bias

MOPITT, April Multi-Model Bias

B~

CO (x10"® mol/cm?)
HS 42 B
10 14 19 23 27 32 36 -30.-20.-10. 0. 10. 20. 30.

Monks et al., ACPD, 2014



Evaluating “long-term” trends in atmospheric

Composmon
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Exploring processes that contribute to interannual

variability of atmospheric composition

Western US regional mean
Jun-Aug organic carbon (OC) aerosol

2.5 L T T

Model captures

° o m 2.0
= ’ E; interannual
s variability
g 1.5— driven by
s changing
= emissions
Observationsfé/' '
(IMPROVE) & ™I :\

(&) i
Global mode?/:
(Observed fires):s L

1990 1995 2000 2005

| Global model
Climatological fires

Spracklen et al., GRI . 2007
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Exploring the impacts of trends in anthropogenic

sources of aerosol

European mean anthropogenic emissions (MACCity)
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Sulfate aerosol trends over Europe — the importance

of cloud pH

s~ HadGEM3-UKCA - cloud pH = 5.0

5 - - - - g

—— ANOUA

DJF

JJA
Observations
d s mmmm Model

+/- OBS S.D.
+/- Model S.D.

Sulfate Mass Concentration (ug S m”)

1980 1984 1988 1992 1996 2000 2004 2008
6~ HadGEM3-UKCA - cloud pH = 6.5
5 b - o o

Model underestimates wintertime
afe= . o sulfate. Increasing cloud water pH,
increases importance of ageous
phase oxidation by ozone and
improves model in winter

———————— ——— Turnocketal.,inprep &
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Trends In surface shortwave radiation

Observations

Surface shortwave radiation across Europe _
Model incl. ARE

SSR Anomaly (Wm® )

Model with aerosol radiative effects (ARE)
captures observed brightening from ~1980
onwards

48 52 56 680 64 68

Re-analysis product impacts model
performance before 1980

Turnock et al., in prep UNIVERSITY OF LEEDS
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Coupling to the Earth System: impacts of atmospheric

composition on ecosystems

A;.?"?W ’°“” "‘57‘” ﬂ%}ww == !&"”‘”gm, Long-term observations of
& | Tike! A-j.eéﬁ\ Iﬂ-g:::: forest biomass in the
g o @i _ g::::::. Amazon show a long-term
V.. o8 ™ ¥ Jws  increase in biomass.
£ ﬁﬁ‘ @ﬂb-ﬂw
B\ 3@ e, 1@ The cause is not known:
%~ g m -] — ?
b T pre2oos CO,, T, aerosol”
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Coupling and evaluating model components

. Deforestation )
Flrg . emissions Meteorology Meteorological data
emissions ECMWF

GFEDvV3 j
GLOMAP
(Spracklen et al., 2005)| A€r0SOl Clouds, albedo, ISCCP,
(Mann etal., 2010) | "model GHGs ECMWF
& j EU WATCH

oy Edwards-Slingo
Radiation (Edwards & Slingo, Meteorology
model

OBSERVATIONS 1996) j
(Rap et al., 2013)
/ JULES
Land-surface Mercado et al., 2007)
model (Best et al., 2011)

(Clark et al., 2011)
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Evaluating the impacts of aerosol on diffuse radiation and

photosynthesis

2006-2007 GPP [zmol C m*s™] at French Guyana (9am to 5pm only) - All switches
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ImpaCt Of deforeStathn flreS A PM 2.5 [%] due to defarestation fires
Wel) 2.3 Dry: 26.3 Aug: 504
on forest carbon uptake “ .

Fwd

=
GLOMAP %
aerosol model .
A diffuse radiation [%] due to deforestation fires
c Wet: 0.2
& O
. = =
Edwards & Slingo E C
Radiation S5
A GPP [%] due to deforestation fires
0 wet; 0.1
0. B
O
- ) "
A NPP [#%] due to deforestation fires
& Wet: 0.2 Dry: 1.6 Aug: 3.1
Diffuse radiation from z '

deforestation fire increases

Amazon basin carbon storage Eraly
by 60 Tg C a-l (100 kg C ha_l a-l)’ 15 1.|D 2.|D S,IO 5.|O ?.|O m 15 200 30 40 50
accounting for 15% of the
observed carbon sink.

Rap et al. submitted




Model evaluation is a critical component of our work.

Model evaluation should be quantitative. Ideally it should inform
and improve our understanding of atmospheric processes.

Careful experimental design and model-observation analysis is
required.

As more processes are coupled into ESMs — evaluation will
become more and more necessary (and difficult)!

We rely on observational data for our science. Involve
observational scientists in evaluation from an early stage.
Acknowledge the crucial role through co-authorship where

appropriate.
UNIVERSITY OF LEED



