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2.2 The model (UKESM)

Ice nucleating particles (INPs) influence the climate through 

modifications to cloud radiative properties and precipitation. 

To quantify the role of INPs on the climate we must first ensure 

our INP models are accurate, and for this we require good 

observations. Most INP measurements are made over short time 

periods using a range of methods/techniques. In this study we 

evaluate our INP model against 18 datasets from a single INP 

instrument that provides long-term ambient measurements.

1. Introduction 2.1 The global PINE dataset

PINE campaigns in
Northern Hemisphere

Campaign duration

Sonnblick Observatory – Austria (3 km altitude) 

Helmos – Greece 

North Slope – Alaska 
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3.1 Distribution of model – measurement bias 3.2 T-dependent bias
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Different PINE campaigns

3.3 What ns(T) parameterisation minimises bias?

3.4 Amazing time series!

4. Conclusions
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The ‘tuned’ ns(T) using all PINE 
datasets removes a lot of the 

remaining bias (and almost all 
temperature-dependence).
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Original 
parameterisation 

based on soil samples

Variability between 
PINE campaigns

Temperature (ºC)

• Ideally, we would see 

a narrow peak around 

zero bias.

• Most datasets are 

centered close to zero. 

• Some are positively 

biased, indicating the 

model is producing too 

many INPs.

• Model ~ reproduces the INP 

measurements within factor of 10. 

• Strong T-dependent bias evident. 

• Model producing too many INPs 

at low T, too few INPs at high T.

• Minimise ns(T) against 

global-PINE datasets.

• Campaign-dependent 

ns(T)’s demonstrate 

regional variability.

• ns(T) using all PINE 

data suggests we are 

missing INP activity at 

high temperatures.

• Surprisingly skilled at reproducing 

short- and long-term variability.

The Portable Ice Nucleation Experiment 

PINE[3] chamber measures ambient INP 

concentrations automatically (< 10 mins) 

across a range of freezing temperatures. 

PINE campaigns have been conducted 

across the Northern Hemisphere, giving 

us an unprecedented INP database for 

evaluating our global INP model. 

The PINE measurement database provides an unprecedented opportunity for INP 

model evaluation on long timescales and at multiple temperatures. Our INP model 

reproduces PINE measurements within an order of magnitude but is missing INPs at 

higher temperatures. Only small changes to ns(T) are needed to improve the model.

• Met Office UKESM[1] in global configuration (~ 1.5° resolution).

• Nudged ERA5 meteorology to run alongside PINE campaigns.

• Dust and sea-spray interactively simulated by UKCA-mode[2].

• INPs calculated offline from sea-spray and dust aerosols.

• Empirical dust parameterization of ns(T) from soil samples, 

which include mineralogical and biological components.

• Temporally/spatially matched to 6-hr PINE measurements.
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