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Introduction
In the last decades, thanks to the combined use of microwave and
infrared sensors, the quality of satellite precipitation estimates (SPE)
has significantly increased. This multi-sensor approach has produced a
number of different satellite precipitation products which use the same
type of sensors and, either use techniques that generate calibration
curves to map infrared (IR) radiances to passive microwave (PMW)
retrievals (blending), or morph the more direct PMW rainfall using IR
measurements (morphing).
Despite these advancements in the retrieval skills, the reliability of SPE
in many regions of the world is still not clear because existing
validations studies (Ebert et al. 2007, Sapiano and Arkin, 2009) have
been carried out only in regions characterized by high density and
quality of ground based rainfall observations (e.g. rain gage and radars).
However, the current networks of surface observations are often not
sufficient or even inadequate for the quantitative assessment of the
error associated with SPE (Kidd et al. 2011). It turns out that evaluating
the performance of different SPE with ground based observations is
challenging because of the scarcity of such observations and/or of the
inherent error contained in their estimates.
Given three collocated datasets (a triplet), Triple Collocation (TC,
Stoffelen, 1998) offers a valid alternative to characterize their error, but
TC is subject to several assumptions such as the existence of an
uncorrelated error between the products of the triplet – a requirement
that is hardly satisfied in SPE because their retrievals share common
sensors. Thus, one needs a model and a ground based dataset along
with a SPE to apply TC for maintaining error independency. Given the
scarcity of surface observations the use of a ground based dataset is
challenging within poorly gauged areas of the world (i.e. Asia and
Africa). In this contest, the use of an independent satellite rainfall
source could offer a unique opportunity for applying the TC analysis
worldwide without any restriction.

Objective 
Use of a soil moisture (SM) derived precipitation product obtained 
through SM2RAIN method of Brocca et al. (2014) in the TC analysis 

as an INDEPENDENT dataset for retrieving the accuracy of two 
candidates satellite rainfall products without gauge information 

worldwide.

Strategy
1. Select a study area characterized by a high quality of ground 

rainfall observations (e.g. United States) such that their 
measurements can be considered a good proxy of the true rainfall 
field.

2. Calculate the performance of SPE by a direct comparison with the 
ground rainfall observations available in the study area.

3. Applying TC to the triplets formed by SM2RAIN, a reanalysis and 
the satellite precipitation products for calculating the 
performance with the truth via TC.

4. Testing the agreement between the performance obtained at 
point 2 with those obtained at point 3.

5. In case of consistent results, apply the method worldwide for 
characterize the accuracy of SPE on a global scale.

.

Study areas and datasets
The study area is the CONUS (CONtiguous United States) where
rainfall estimates from ERA-Interim (the reanalysis dataset, Dee et
al. 2014), SM2RAIN (from the ASCAT dataset, Warp. 5.5, Brocca et
al. 2014), CMORPH v.1.0 (raw, containing only satellite
observations, Joyce et al. 2004, CMOPRH onward) and TMPA
3B42RT v 6.0 (Huffman et al. 2007, 3B42RT onward) over the
period 2007-2012 were used. The precipitation data used to
evaluate the reliability of the TC analyses were the precipitation
estimates from the Climate Prediction Center (CPC) Unified Gauge-
Based Analysis of Global Daily Precipitation. Rainfall for all the
datasets were accumulated at one day and aggregated from their
original resolution grid to the 1°x 1° grid for speeding up the
analyses.

Conclusions and future developments
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SM2RAIN (Brocca et al. 2013) is a method used for precipitation
estimation from SM observations. The rainfall estimation is based on
the inversion of a simple water balance equation and has shown to
be very effective for precipitation estimation from daily to five-daily
scale (Brocca et al. 2014).

CPC gauge coverage during
2007-2012. Preliminary
evaluations of the TC
method to the triplets over
CONUS including CPC
dataset have shown high
accuracy of this product
with correlations close to
0.9. Thus, it approximates
very well the true rainfall
field.

We calculated the TC correlation by considering three triplets: (1) ERA-Interim - SM2RAIN - 3B42RT, (2) ERA-Interim - SM2RAIN - CMORPH and (3) ERA-Interim -
3B42RT - CMORPH. In addition the correlation was calculated through the Pearson correlation coefficient between CPC and 3B42RT, CMORPH, SM2RAIN and ERA-
Interim, respectively.

Correlation maps on the left show that:
1. The pattern of the correlation obtained through the TC analysis

looks very similar to the one obtained with CPC with better
correlation in Eastern and Western US for CMORPH, 3B42RT and
ERA-interim and in Central US for SM2RAIN

2. Correlations obtained through TC are overall higher than those
obtained with CPC because TC theoretically provides the
correlation with the truth

3. The triplet ERA-Interim - 3B42RT - CMORPH, which contains two
non-independent rainfall datasets (they use same sensors inside
the retrieval algorithm), provides results not in agreement with the
triplets where SM2RAIN is used and opposite results with respect
to those obtained with CPC.

Based on the correlation maps above
we calculated the rank (from the best –
number 1 –, to the worst -- number 3)
of the products for each pixel of the
domain of the analysis.
Results show that when using
SM2RAIN for ranking satellite products
with TC, the results are very close to
the ones obtained by using CPC, while
the same does not happen for the
triplet ERA-Interim - 3B42RT –
CMORPH.

Given the successful application of the method to the CONUS study area, we use the two triplets ERA-Interim - SM2RAIN - 3B42RT and ERA-Interim - SM2RAIN –
CMORPH for calculating the correlation on a quasi global (+50/-50°) scale of the 3B42RT and CMORPH products WITHOUT GROUND REFERENCE INFORMATION.
Results show similar performance scores of the products with slightly better correlation of 3B42RT in Southern and Eastern Africa, Southern Asia, Europe and Central
America while CMORPH performs better in Northern Africa and Central Asia.

Winner between 3B42RT and CMORPH

The Triple Collocation Analysis
Due to the different signal properties of precipitation, TC has been
applied to precipitation estimates according two different
methodologies: (1) in the classical way to the raw time series
(Roebeling et al. 2012) considering an additive error model, or (2)
to the log-normal transformation of precipitation (Alemohammad
et al. 2015) considering a multiplicative error model (not shown).
Here, considering the coarse spatial resolution (1°x1° degrees) we
assume the error to be Gaussian and additive. Thus we followed
the first methodology of Roebeling et al. (2012).
In addition, based on the Extended Triple Collocation (ETC) analysis
introduced by McColl et al. (2014), we focused only on the
correlation coefficient as a performance metric, because root
mean squared error (RMSE) is highly affected by the bias and
variance of the signal.
According to ETC the correlation coefficient between the 
product I and the  truth can be expressed as:
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1. TC analysis can be a powerful tool for characterizing the performance of satellite precipitation estimates provided that three independent rainfall datasets are used.
2. The introduction of SM2RAIN rainfall (which is an independent rainfall product) is the only option for the application of the TC method in poorly gauged areas and its

use along with a reanalysis product and a satellite precipitation estimate permits a global characterization of the specific satellite rainfall product without ground
information. This can finally solve the problem of the need of a benchmark for the validation of the satellite rainfall estimates.

Future developments will focus on testing the method across different scales and with different TC methodologies in order to explore the validity of the assumptions and
evaluating other satellite precipitation estimates.
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The algorithm is based on three parameters that can be spatially
calibrated on existing rainfall datasets. However, here we chose
constant parameter values for all the globe based upon past validation
studies to ensure error independency required by TC.

Rank maps obtained via TC
and with comparison with CPC

The map similarity (left TC) and right (vs. CPC) suggests the consistency between TC
results using SM2RAIN and the classical validation using ground information

Unfortunately, using two satellite products in the same triplet does not guarantee
consistent results

Correlation maps obtained via TC and comparison with CPC

Global correlation of 3B42RT and CMORPH products obtained without ground measurements
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