
               consists of: 

Optical disdrometer ODM470: 

 PSD, particle transit time 

Ancillary Data from RV: 

 Time, GPS-coordinates 

 Air temperature T, relative humidity rH, 
relative wind speed/direction, radiation, … 

𝜶 -6.19;  -18.46 

𝜷 1.612;  1.817 

𝜸 0.063;  0.172 

𝜹 1.786 

𝜺 -1.125 

𝝈 0.046 
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Satellite precipitation retrievals require surface reference data for validation, which is particularly rare over the 

ocean. The Ocean Rain And Ice-phase precipitation measurement Network (OceanRAIN; Klepp 2015) col-

lects long-term in-situ oceanic precipitation data from optical disdrometers (ODM470) deployed on various 

research vessels (RVs). OceanRAIN samples particle size distributions (PSD) at 1-min resolution, whereby 

the precipitation phase (PP) is a prerequisite to calculate the precipitation rate. The PP is not only essential 

for OceanRAIN but also important to validate recent and future satellite retrievals.  

We develop an algorithm to automatically retrieve the PP within OceanRAIN for oceanic precipitation. 
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F1: RV Polarstern 

From an 
unknown 
precipitation 
phase … 

… towards a 
precipitation 
phase prob-

ability! 

 Automatic phase distinction algorithm for OceanRAIN is based on a temperature-

humidity relation complemented by particle size distribution information. 

 The determined precipitation phase agrees in 82.7% (92.6% w/o mixed-phase) with the 

manual method using ship-board observations from RV Polarstern, among others. 

 Despite good performance a visual inspection is still useful in uncertain cases! 

 For the first time the method by Koistinen & Saltikoff (1998) is applied over the ocean. 

→OceanRAIN precipitation rates will be used to validate HOAPS satellite data and 

estimate its uncertainty (point-to-area problem). 

𝑞𝑟𝑎𝑖𝑛 = 1 −
1

1 + 𝑒(δ∙𝑻+ε∙(𝑫𝟗𝟗−σ))⁡
 

𝑝𝑟𝑎𝑖𝑛 = 1 −
1

1 + 𝑒α+β∙𝑻+γ∙𝒓𝑯⁡
 

1. Temperature-humidity (T-rH) [E2] 

 First-time usage over ocean of T-rH after 

Koistinen & Saltikoff (1998) [KS98] 

 Good agreement (acc.: 91.7%) with 

manually determined PP from OBS 

2. Diameter-temperature (D99-T) [E3] 

 Mark large particles as snow/mixed that 

exceed the usual size of a rain drop. 

 99th percentile (D99) is used to exclude 

erroneous, large particles. 

 D99-T increases the accuracy of T-rH by 

about 1% (92.6%; 82.7% w/ mixed) 

3. Overall PP probability [E4] 

 Currently both—T-rH and D99-T—are 

weighted equally to an overall probability. 

Rain was observed with 87% probability.* 

𝑃𝑟𝑎𝑖𝑛 =w∙ 𝑝𝑟𝑎𝑖𝑛+(1-w)∙ 𝑞𝑟𝑎𝑖𝑛 

𝑃𝑟𝑎𝑖𝑛 = 0.87 

Fig. 6: Air temperature shown against phase probability with frequency of occurrence (FOO) 

according to OceanRAIN (grey shades) and Swiss Alps data (red line; Froidurot et al. 2014) 

FOO  

[%] 

T-rH Rain curve is calculated by classifying mixed-

phase as snow. For snow curve (not shown) mixed-

phase is classified as rain—remainder of both proba-

bilities is mixed-phase:  

Algo/ OBS Rain  Snow Mixed 

Rain 94576 1819 5259 

Snow 7694 121178 24054 

Mixed 4870 2114 3083 
* This is a conceptual example 
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Fig. 2: T-rH relation [KS98]—Rain curve Fig. 3: D99-T relation—reduced T range 

𝑹² 0.763 

𝑺𝑺𝑬 11832 
𝑹² 0.775 

𝑺𝑺𝑬 11240 

𝑝𝑚𝑖𝑥 = 1 − 𝑝𝑟𝑎𝑖𝑛 − 𝑝𝑠𝑛𝑜𝑤 

→ see E3 → see E2 

Fig. 4: FOO [%]— T-rH [KS98] 

Fig. 5: FOO [%]—D99-T relation  

50% rain  
probability 

50% rain  
probability 

T and rH useful to distinguish PP (Koistinen 

& Saltikoff 1998) [KS98]; particle transit time 

unusable due to wind influence, PSD helpful. 

Quality check of RV Polarstern data (2010-2014) 

 Exclude minute spectra with less than 20 particles 

 Set rH>100% to 100% to correct for oversaturation 

 → 268,000 reduce to 212,000 min precip 

Multi-linear curve fitting 

 Minimized sum of squared errors (SSE) determines co-

efficients in E2 and E3 (→Figs. 2, 3) with respect to 

manually determined PPs (OBS), i.e. ww-code, T and 

plausibility checks of theoretical rain and snow rate. 

 Reference data OBS imperfect (3-hourly, daylight only). 

D99-T curve is calculated by classifying mixed-

phase as snow. With higher T, the critical parti-

cle diameter increases over which snow is cer-

tain. 
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