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1. Introduction 3. Results based on satellite and reanaIySIS Is the N,—CLF relationship modified by ambient meteorology? | - —f——Crose felialion Seore

= Cloud fraction (CLF) adjustment may dominate radiative forcing:more cloud  (J1a et al., 2023, ACP under review)
droplets due to more aerosols lead to increased CLF and thus more cooling.

m In general, thermodynamical factors have more interactions with the N,—CLF

CLF sensitivity: global perspective and regional characteristics sensitivity than dynamical factors.
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m One of the biggest sources of uncertainties in climate models.
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m Aim: Evaluate the CLF adjustment for marine boundary layer clouds within the :
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|COsahedral Non-hydrostatic-Hamburg Aerosol Module (ICON-HAM) model. 0015 | ! |
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2. Data and Methods

Daily satellite, reanalysis and ICON-HAM datasets
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(left); Learning curve for the same XGB
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m N, (proxy for aerosol) and CLF from Terra satellite and COSP MODIS simulator.

CLF sensitivity (CLF 071)

m Meteorological variables from ERAS reanalysis and ICON-HAM.

—0.05
—0.10

m The learning curve shows relatively high bias and high variance.
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m Filtered by cloud temperature > 268 K, effective radius > 4 um, optical depth > 4.
Satellite data: solar and sensor viewing zenith angles < 65° and 55°, respectively.
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. Predictors

Predictors

m Original 1°x 1°grids are aggregated to 5°x 5° "windows". One ML model is
trained and tested for a specific window. Figure 3: The distribution of the sensitivities of CLF to all predictors. The sequence is
sorted descendingly by the mean values of the absolute sensitivitiy values.

Figure 6: Similar to Fig. 3 but for the Interaction Indices.

Machine learning and SHapley Additive exPlanation (SHAP) values

m CLF increases with N, globally.
m The positive sensitivity is prounced in in the regions of frequent stratocumulus to

m Extreme Gradient Boosting (XGB) models are used to predict CLF.

m SHAP values: contribution of each predictor to each individual model prediction. cumulus transition, may be caused by high N, delaying the transition.
, | | | m The positive sensitivity is also marked in the southern hemispheric midlatitudes, F 3 Perf f XGB el St Fig. 2 b ina ICON-HAM
J= slope of the linear regression: 0.098 f - — Htghvaluesl?g?sIowvalueslope=-0.029 ShOUId be Investlgated |n future Work - 062 Obo ” ﬁ Obo m |gure - er Ol‘mance (0) Modaeils. Imiiar tO |g U'[ US|ng =
0. 0. : : : - : : ; ; data. Global weighted mean ~ 0.047.
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Figure 7: Global patterns of Interaction Indices (lAls) for the interactive effects
between N4 and EIS (a), SST (b).

SHAP values for In Ny

m EIS exerts positive IAls over the midlatitudes, reflecting that stronger capping
iInversions in these regions may amplify the N,—CLF relationship.

SHAP interaction values between In Ny and SST

m In the stratocumulus-to-cumulus transition regions, the N,—CLF sensitivity is
stronger with higher SST.

Figure 1. CLF sensitivity to SST (a) and interaction effects between SST and
N4 colored by SST (b) in an exemplary 5°x 5° region.
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m Figure 1 (a): CLF sensitivity is defined as the slope of the linear regression ﬁ—o'os i - 65” — E/:guDrleS& _Disltributio_ni of cloud fraction values from satellite (left) and COSP
between the SHAP values and feature values of a specific predictor (here N). | CLF sen'sitivity tollB Ny ('CLF 0-1') ' 4. Prelimin ary Results based on ICON-HAM simulator (right).
m Figure 1 (b): Interaction Index (IAl) is defined as the slope of linear regressions Figure 4: Sensitivity of marine boundary layer cloud fraction to In N m Identical XGB and SHAP framework is applied to outputs from ICON-HAM and | = Fewer low clouds are simulated with the COSP MODIS simulator than

of the SHAP interaction values and the features values for high SST values
(above-average) minus low SST values (below-average).

the COSP MODIS simulator. observed by the Terra satellite.

m XGB models perform poorly on the model data.

5. Conclusions and Outlook
m The identical XGB + SHAP framework performs poorly with ICON-HAM data.

m Negative IAl: sensitivity stronger with low (< mean) meteorological parameters.

m Positive IAl: sensitivity stronger with high (> mean) meteorological parameters.

m The poor performance might be caused by the right-skewed distribution of
cloud fraction values from the COSP MODIS simulator.

SHAP interaction values between In Ny and SST
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regional XGB models Figure 5: Geographical patterns of CLF sensitivity to estimated inversion strength m |dentify the cause for the above discrepancy.
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predicting CLF, global (ElS) and sea suriace temperature (SST) m Improve the machine learning models accordingly and apply the same

weighted mean ~ 0.45.

framework to both observational and model datasets.

m CLF is positively associated with EIS, strongest in the stratus and stratocumulus regions.

T0-4t " Rg-s : - m CLF is negatively asscoiated with SST globally, strongest in the stratocumulus regions. Ngle[Sl{cRHES[1I[EETMToN = oMM (o] @i CRT- I [CRAR NN =To (o] N o1V N UE][a[s W IG(@1\\ B o V2NV Mo 1 L=
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m Compare sensitivities and interactive efffets with meteorological conditions
guantified by SHAP approach.

_ o o Study based on satellite and reanalysis data:
KIT — The Research University in the Helmholtz Association  Jia, Y., Andersen, H., and Cermak, J.: Analysis of the cloud fraction adjustment to aerosols and its dependence on meteorological Scan for abstract
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