
Left: (fine mode) water fraction derived from f(RH) and RH from the Twin Otter aircraft. 

Middle: SPEXone water fraction for the first half of PACE-PAX. 

Right: SPEXone effective radius versus water fraction, scaling roughly as  𝑟𝑒,𝑤𝑒𝑡 =  𝑟𝑒,𝑑𝑟𝑦  𝑔𝑉
1/3

 (red line).  
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Volume water fractions are inferred from RemoTAP-retrievals of the refractive index for POLDER-PARASOL (2008) and SPEXone observations (2024 Feb-Sept), as 

shown above. These preliminary results show a clear land-ocean contrast in total water fraction, as well as in fine-mode water fraction for SPEXone. Fine-mode 

results may be biased over regions where coarse mode dominates, e.g., desert and remote ocean. Global patterns in the results need to be further scrutinized. 

This data will also benefit from better quality filtering. By pairing these observations with reanalysis RH, 𝜅 values will be estimated.

Preliminary application to POLDER and SPEXone

Validation using POLDER and ground-based data

Water fraction retrievals from 

POLDER-PARASOL are compared 

to ground-based nephelometer 

measurements for 2006-2009.

• Satellite data are filtered for 

AOD550>0.1 and aerosol layer 

height (ALH) <1500 m

• Nephelometer f(RH) data from 

Titos et al., ACP, 2021

• RH: ERA5 reanalysis at pressure 

levels

The degree to which an aerosol can take up ambient water 

is highly dependent on its physicochemical structure, 

making the water uptake a difficult quantity to predict. At 

the same time, it also has a large impact on radiative 

forcing through aerosol-radiation and aerosol-cloud 

interactions, as well as cloud formation. We aim to produce 

the first ever climatology on aerosol water uptake by 

leveraging spectro-polarimetric satellite instruments. 

Before we can do this, though, the retrievals must first be 

validated through comparisons to in situ measurements. 

We present the results of our validation efforts here.

Objective

The aerosol volume water fraction (𝑓𝑤) is inferred 

from its real refractive index 𝑛 under two 

assumptions:

1. For a mixture, 𝑛 is the volume-weighted mean 

of its component refractive indices

2. The refractive index of dry material is 

1.54±0.04 (at 555nm)

The volume growth factor of soluble aerosol is 
𝑔𝑉 = 1/(1 − 𝑓𝑤). The relation between growth 

factor and relative humidity (RH) is often 

parameterized by 𝑔𝑉 ≈ 1 + 𝜅
𝑅𝐻

1−𝑅𝐻
, where 𝜅 can 

be referred to as the hygroscopicity parameter 

of the aerosol. 

More details on these methods can be found in 

van Diedenhoven et al. (2022, AMT, 

doi:10.5194/amt-15-7411-2022).

Methods

𝑓𝑤 =
𝑛 − 𝑛𝑑𝑟𝑦 

𝑛𝑤𝑎𝑡𝑒𝑟 − 𝑛𝑑𝑟𝑦  

• Validation of SPEXone retrievals. 

More in situ data are needed! We are still looking for f(RH), HTDMA or other 

means to estimate aerosol water uptake in the SPEXone era. 

• Climatology. 

We aim to provide a climatology of water fraction and kappa values derived 

from POLDER and SPEXone in combination with reanalysis data. Uncertainties 

will be included. 

• Validation and tuning of models. 

We plan to validate available models (e.g. from Aerocom) and dedicated 

ECHAM-HAM runs. Furthermore, we aim to adjust aerosol emissions and kappa 

values in ECHAM-HAM constrained by POLDER and SPEXone data.

Future work

In the above, we use 

observations made using 

SPEX airborne, the airborne 

proxy for SPEXone aboard the 

ER-2 aircraft. Validation of 

this instrument through 

comparison to AERONET 

during overflights shows 

retrieval quality on par with 

SPEXone.

Water fraction retrievals by SPEX airborne are 

compared to collocated in-situ measurements 

from the nephelometers aboard the Twin Otter 

aircraft.

Spiral manoeuvres conducted by the Twin Otter 

provide aerosol information through a range of 

altitudes. Averaging the measured water fraction 

throughout these spirals emulates the vertical 

averaging inherent to the remote sensing approach, 

allowing for a straight-forward comparison.

Collocations are filtered by AOD550 > 0.05.

Validation using airborne campaign data from PACE-PAX
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