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Introduction
Passive Aquatic Listeners (PALs) estimate average oceanic rain rates and 
wind speed over a circular patch of ~5km diameter every 2 minutes. These 
extensive in-situ PAL observations present a new opportunity to evaluate the 
performance of satellite-based precipitation estimates (SPE) over the oceans 
at a spatiotemporal resolution similar to that of the SPE products themselves. 
Since 2011, dozens of PALs have been deployed on drifting floats and moored 
buoys in every ocean basin, some as part of field projects, including both 
NASA SPURS campaigns. Because most PALs are mounted on drifting Argo 
floats, they offer the unique ability to evaluate SPEs over distributed ocean 
regions not previously studied using stationary buoy arrays. Here, 
precipitation estimates from PALs are used to evaluate the performance of the 
IMERG, CMORPH, and PERSIANN-CCS products at their native resolution, 
as well as on longer timescales (a fourth 
product, GSMaP, was not evaluated because
it is not available for the entire period of 
study). As the number of deployed PALs is
not constant, we focus this study on the 
period from 2013-2015, when more than 20 
PALs are available each month. The global 
distribution of PALs during this time is shown
on the map below. Colors indicate
individual PALs for visibility.

Datasets
PALs on Argo floats drift at 1km depth collecting surface rain and wind data for 
9 days, then spend several hours rising to the surface, transmitting data and 
GPS location and sinking back to 1km depth to continue collecting data. The 
float’s location during the 1km drift is determined by linear interpolation 
between surface fixes. PALs record an ambient noise time series and convert 
it to a frequency spectrum over the range of 
1-50 kHz, where the dominant ambient noise 
sources are rain, wind, and breaking waves. 
Multivariate analysis using the sound pressure 
levels (SPLs) at multiple frequencies and the
slope between SPL at different frequencies is 
used to classify each distinctive sound source 
(for details see Yang et al., 2015). Rain rate 
can be determined in the presence of wind up 
to 15m/s, however wind cannot be retrieved 
during precipitation.

Three quasi-global high-resolution SPEs are evaluated: IMERG V6 final run, 
CMORPH V1.0, and PERSIANN-CCS. Spatial and temporal resolutions of 
each dataset compared to PAL are shown in the table below. 

CMORPH combines instantaneous precipitation estimates retrieved from 
passive microwave remote sensing on low Earth orbiting (LEO) satellites with 
motion vectors derived from geostationary infrared (GEO-IR) satellite imagery. 
Each LEO retrieval is interpolated both forwards and backward in time with 
the derived motion vectors (Joyce et al. 2004). Bias correction is performed 
using daily gauge analysis from the CPC over land, and GPCP merged 
analysis over ocean (Xie et al. 2017). 

PERSIANN-CCS classifies cloud features observed by GEO-IR satellites 
based on height, areal 
extent, and texture in order 
to assign a regionally- and 
temporally-dependent 
empirically derived rain rate 
to each pixel within the 
cloud feature.

IMERG is similar to CMORPH, in that precipitation estimates from passive 
microwave satellites are interpolated between individual LEO satellite 
overpasses. Observed passive microwave radiances from various instruments 
are intercalibrated prior to performing precipitation retrievals to account for 
differences in scan strategy, available channels, and overpass times. The 
IMERG Final product includes a monthly bias correction using land gauge 
data from a variety of sources (Huffman et al. 2018). 

Extratropical Oceans (>30oN)Tropical Oceans (20oS – 30oN)
Bias = -0.17
Corr = 0.087

Bias = -0.03
Corr = 0.10

• PALs offer a new opportunity to evaluate the performance of satellite precipitation estimates over 
oceans in regions not previously studied, particularly the extratropics.

• SPEs compare better to PAL at longer timescales and in the extratropics.
• IMERG and CMORPH compare similarly well to PAL, with some differences depending on time scale. 

PERSIANN-CCS misses a large fraction of oceanic precipitation. 
• Removing cold season precipitation doesn’t improve statistics in the extratropics.

Global Oceans

PERSIANN-CCS 
appears to have 
fewer datapoints 
due to more 
frequent 0 mm/h 
rainrate (see PDFs 
below).

SPE conditional 
biases increase 
with increasing 
temporal scale, 
with IMERG and 
CMORPH 
transitioning from 
low to high biases.

Extratropical SPEs 
have less scatter 
than global and 
tropical, and seem 
to be driving much 
of the low bias in 
global CMORPH 
and IMERG at 0.5 
and 1h.

IMERG CDFs are more similar to PALs at hourly to subhourly 
timescales, while CMORPH is more similar at 6 and 24h 
timescales. PERSIANN-CCS has much higher fraction of 0mm/h 
rainrate than other datasets.

Using scaled detection thresholds as calculated in Tan et al., 
2017. Differences between IMERG and CMORPH are largest at 
longer (6 and 24h) timescales. IMERG shows the largest  
difference between global and extratropical oceans.

All products have higher POD, HSS, and correlation in the extratropics (dotted) compared to the 
global (solid) and tropical (dashed) oceans. SPEs also have lower FAR and RMSE in the extratropics. 
Considering only the extratropical warm season (dash-dot) does not change results much, except FAR 
and correlation coefficient are slightly lowered.

Dataset Spatial 
Resolution

Temporal 
Resolution

PAL 5km 2min
IMERG-V6 Final ~10km 30min
CMORPH V1.0 ~8km 30min

PERSIANN-CCS ~4km 1hr

SPE vs PAL

Validation Statistics

Bias = 0.015
Corr = 0.26

Bias = -0.098
Corr = 0.18
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Bias = -0.24
Corr = 0.14

Fig 1b from Yang et al., 2015

Bias = -0.33
Corr = 0.12

Bias = 0.39
Corr = 0.23

Bias = 0.20
Corr = 0.14

Bias = 0.39
Corr = 0.0084

Bias = 0.027
Corr = 0.23

Bias = -0.097
Corr = 0.14

Bias = -0.22
Corr = 0.081

Bias = 0.14
Corr = 0.010

Bias = 0.23
Corr = 0.11

Bias = 0.22
Corr = 0.19

Bias = -0.32
Corr = 0.068

Bias = 0.46
Corr = 0.21

Bias = 0.071
Corr = 0.061

Bias = 0.24
Corr = 0.11

Bias = -0.081
Corr = 0.050

Bias = 0.26
Corr = 0.18

Bias = 0.28
Corr = 0.098

Bias = -0.028
Corr = 0.43

Bias = -0.10
Corr = 0.34

Bias = -0.28
Corr = 0.36

Bias = -0.36
Corr = 0.33

Bias = 0.14
Corr = 0.39

Bias = 0.081
Corr = 0.31

Bias = -0.19
Corr = 0.39

Bias = -0.31
Corr = 0.33

Bias = 0.076
Corr = 0.19

Bias = -0.28
Corr = 0.048

Bias = 0.090
Corr = 0.29

Global             Extratropics
Tropics            ET – May-Oct

CMORPH has 
slightly fewer 
hits and more 
misses at longer 
timescales.

IMERG has 
more False 
Alarms and 
fewer Correct 
Negatives.


