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Atmospheric aerosols

UNIVERSITY OF LEEDS

Aerosols (particles suspended in the air) affect Earth’s radiative balance in two ways:

Indirectly Directly
Seeds for cloud formation. Aerosols absorb or reflect
Affect cloud properties and sunlight.
lifetime. Influence Earth’s energy budget.

Lighteraerosols
reflect light

Aerosols serve as
cloud condensation
nuclei for cloud

formation ®
T Darkeraerosols absorb
. i ° . and re-emit light
‘e o VRS SIS Tg L 3,

Emissions from
power plants
aerosols

Burning of biomass (J

releases aerosols
intothe air

Seamless Global Modelling workshop, 05.06.2025

Aerosol-cloud interactions dominate the
uncertainty in climate forcing estimates.

Change in effective radiative forcing from 1750 to 2019 >
ERF (W m~2)

Carbon dioxide 2.16 [1.90 to 2.41]

0.54 [0.43 to 0.65]

Other well-mixed 0.21[0.18 to 0.24]

greenhouse gases

Ozone 0.47 [0.24 to 0.71]
Stratospheric 0.05 [0.00 to 0.10]
water vapour ) )

Albedo Land use Light absorbing particles on -0.20 [-0.30 to -0.10]

snow and ice 0.08 [0.00 to 0.18]
0.06 [0.02 to 0.10]

o -0.22 [-0.47 to 0.04]
Aerosol-cloud Aerosol-radiation -0.84 [-1.45 t0 -0.25]

Solar v-F -0.02 [-0.08 to 0.06]

Contrails & aviation-
induced cirrus

Aerosols

Total anthropogenic

..........................

-2 -1 0 1 2 3 Source: IPCC 2021 report

Effective radiative forcing (W m~2)

Lo L1

We need to constrain aerosol-cloud
interactions to improve predictions
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Perturbed parameter ensemble (PPE)
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Oakley and O’Hagan (2004); Johnson et al. (2015)

A set of model simulations where key parameters are systematically varied within plausible ranges to explore uncertainty

Ex erimentaI\ 4 Run A
Expert elicitation pd ian perturbed Build emulator Test emulator
(choose parameters eslg —> (surrogate against simulator
: (select points in parameter del y s
and their ranges) model) (additional validation runs)
parameter space) ensemble
N AN Y, M
10 odel response surface “'
fa * xx ’ \‘ 5 08} Y : e
% X X x | X (( % . d (—% * +++
1 x S ' -
& x X }j +
x o . 0.2 - ,,+§f++
x_* i s 09502 03 o6 08 1o - Model output
Parameter 1 Parameter 1
4 . . . N
Uncertainty Analysis and Model Evaluation .
- Explore model outputs and their responses 5
- ldentify key sources of uncertainty (variance-based sensitivity analysis)
\- Constrain the model output (history matching) y =
ERF (1850 to 2008; W m~2)

Seamless Global Modelling workshop, 05.06.2025




Research questions UNIVERSITY OF LEEDS

State variables Process based relationship

G Cloud droplet number concentration (N ) \ / N -LWP relationship \
2. Cloud liquid water path (LWP) Has been used previously in:
T o Satellite related studies
3. Specific humidity {q) » Default global climate models (GCM) cases.
Q Others (cloud fraction, critical size, etc.) / \ Not studied in relation to PPE /

PPE (UKESM1)

Optimized constrained

N -LWP slope constraint
(Regayre et al., 2023 constraint) -

), Can PPE reproduce the N -LWP relationship?
“Z Can we emulate this relationship and use it as constraint?

=== Can process-based constraints expose model structural errors?
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What is N ,-LWP relationship in the climate models? :
UNIVERSITY OF LEEDS

Evaporatio
CCN

N

= N _-LWP relationship (slope)

LWP

N : Cloud droplet number concentration
LWP: Cloud liquid water path N,
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Calculation of the N ,-LWP slope @
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NA Cluster p :
monthlv mean InL =InLP +m (InNgq — In Ny) Na < Ny Gryspeerdtetal.,
’ InL =InLP + mp (InNg — InNY) Na> N} 2018y
for 2016-17
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N -LWP slope from model data
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N -LWP slope from satellite data
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Sensitivity analysis of input parameter ERF_ACI UNIVERSITY OF LEEDS
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Selected input parameter pdf
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1 Ng-LWP Slope
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Does our PPE produce any meaningful relationships?
Yes, PPE results show that we can obtain some N -LWP relationships from the model output.

Can we emulate these relationships and use them as constraints?
Yes, we successfully emulate them and use them as an additional constraint to further reduce RF_ACI uncertainty.
However, they cannot be used as a single constraint due to model structural errors.

Conclusions

Using process-based constraints, can we expose model structural errors?
It may indicate a missing link between aerosol processing-related parameters and cloud processing-related parameters,
which can be further investigated.

Use this N -LWP relationship-based approach for other clusters to reduce RF_ACI uncertainty, particularly for clusters
that remain more uncertain after applying the optimal constraint.

Potentially expose more model structural errors through inter-cluster analysis

Future work

Analyze the N -LWP relationship-based approach in a multi-model setup.
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Thank you!

Questions?
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Sensitivity analysis of input parameter UNIVERSITY OF LEEDS
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Performance of the N -LWP slope constraint
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Cloud erosion sensitivity to N -LWP slope UNIVERSITY OF LEEDS
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Updraft sensitivity to N -LWP slope
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