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! Relative to wet season (March) the CDRD reproduce the global shape of distribution, however tend to overestimate (by a factor 3) all rainfall classes 
and tends to extend the coverage area of precipitating systems. 

! The GPROF tend to overestimate (by a factor of 2) the light and moderate rainfall classes. The overestimation of moderate rainfall class in the version 4 
differs from the analysis made by Oliveira et al. 2016 for the GPROF 2014.

! Despite the small sample of precipitating pixels in the dry season (September) the CDRD and GPROF tend to overestimate the light rainfall and the 
CDRD reproduce some false detection of heavy rainfall meanwhile the GPROF misses the heavy rainfall. 

! Based on analysis of observational data as TB, DTB dispersion in relation to surface type classification, CDRD shows issues in classification of surface 
types (i.e., distinction between inland water/water bodies and land) which has strong influence on the retrieval in the studied area.

! In order to improve the surface type classification in CDRD, we initiated tests with SSI and MPDI indexes to verify the ability to detect several surface 
types over central Amazon region. As shown above the presence of clouds and precipitation over the river must be treated and eliminated on the future 
steps for the development of a dynamic surface classification using microwave frequencies.

! For future improvements, we intend to exploit the combination of more microwave channels, as well as to find an approach for surface classification for 
SSMIS and AMSR-2 sensors to be incorporated in CDRD algorithm. 

March 2014
Sat.

Mean
Rad.
Mean

ME RMSE SD FSE CORR

CDRD (h) 5.84 1.76 3.31 6.15 5.18 3.47 0.55

GPROF (h) 3.01 1.82 1.18 3.56 3.36 1.95 0.49

CDRD  (f) 1.35 - 1.35 1.92 1.36 - -

GPROF  (f) 0.86 - 0.86 1.34 1.03 - -

CDRD (m) - 0.44 -0.44 0.98 0.87 2.20 -

GPROF (m) - 0.34 -0.24 0.59 0.54 1.70 -

Chuva Project 

 What are the main challenges algorithms have in retrieving rainfall on the central Amazon? Are they able to detect 
and reproduce the distinct precipitation systems over Amazon?

" In order to address these issues, an evaluation of CDRD and GPROF (V04) has been carried out based on ground-
based measurements collected during Go Amazon/CHUVA (Machado et al. 2014) Intensive Operation Periods (IOPs – 
March and September 2014 – wet and dry season, respectively). Analyses of specific case studies over Amazonas is 
also carried out.

CDRD  (Cloud Dynamics and Radiation Database,  Casella et  al.  2013, Sanò et  al.,  2013) is  a physically-based 
Bayesian algorithm for conically scanning microwave radiometers developed within the EUMETSAT H-SAF program 
(Mugnai et al., 2013). In this study SSMIS F16, 17, 18 sensors are used (nominal CDRD resolution around 13.2 x 15 
km2). It uses an a-priori database built from cloud-resolving model simulations. 
GPROF (Goddard Profiling Algorithm, Kummerow et al., 2015) Baeysian algorithm is analysed here for the SSMIS 
F16, F17 and F18 sensors. The version 4 (V04) uses an a-priori database built from the combined GPM algorithm 
where GPM Microwave Imager and Dual-frequency Precipitation Radar (DPR) measurements are used.

Precipitation Products

Sipam Manaus Radar (Sband) – Rainfall estimates processed by Texas A & M University, obtained from CAPPI product.  Is based 
on the 240 km radial with 2km and 500m of resolutions (horizontal and vertical).

CHUVA Radar (XBand) – Rainfall estimates  from polarimetric variables based on Dual Polarization Surface Rainfall Intensity 
(DPSRI) algorithm.

Ground-based data

Fig. 1: Study area: a) location of Manaus and b) radius of Sband (red) and XBand 
(blue) radars located near of Manaus and Manacapuru cities (from Oliveira et  al. 
2016).

Fig.  2:  Mask  of  beam  blockage  applied  to 
SBand  (March  2014)  and  radar  coverage 
between 30 -110 km.

Considering  the  comparison  
made by Oliveira et  al.  2016, 
between  both  radars  it  is 
possible to use the SBand radar 
as reference to evaluate satellite 
precipitation  products.  With 
remarks  that  SBand can  have 
slight:
- Overestimation ! light 
rainfall
-Underestimation!heavy 
rainfall

Fig.3 – Example of Xband (left) and Sband (right) of 08/03/2014 04:20UTC and 
04:24UTC. It’s possible to see the attenuation of Xband and underestimation on 
Sband.

Fig. 4: Normalized rain accumulation by class of rainfall. The S-band radar rainfall is processed to match 
the satellite product nominal resolution. Only pixels where at least one (either ground or satellite) rainfall 
rate estimate is above 0.5 mm/h are considered.

March 2014 POD FAR CSI
CDRD 0.55 0.29 0.45
GPROF 0.58 0.12 0.53

September 2014
CDRD 0.07 0.33 0.07
GPROF 0.07 0.28 0.07

Study Case 19/03/2014
We analyzed this particular case due the formation of a convective system with line shape over Rio Negro and Amazonas, 
showing convective and stratiform rain. The convective line formed near Manaus and moved closer to Manacapuru in the 
morning. The pluviometers recorded 61,6 mm/h and 23 mm/h (Manacapuru and Manaus). 

Table 1: Categorical performance scores: Probability of Detection (POD), False Alarm Ratio (FAR) and  
Critical Success Index(CSI) for March and September of 2014 over Manaus. 

Fig. 6 : Brightness Temperatures at upper line:19H,37H, TB19V-TB19H and bottom line 91H,
183+-6H and rainfall (CDRD) for 19/03/2014 at 11:25UTC.

September 2014 Sat.
Mean

Rad.
Mean ME RMSE SD FSE CORR

CDRD (h) 4.07 1.49 2.58 5.75 5.14 3.86 0.59

GPROF (h) 1.84 1.88 -0.04 3.58 3.58 1.90 0.35

CDRD  (f) 1.60 - 1.60 2.09 1.34 - -

GPROF (f) 1.00 - 1.00 1.34 0.91 - -

CDRD (m) - 0.30 -0.31 0.63 0.55 2.02 -

GPROF  (m) - 0.30 -0.26 0.54 0.47 1.78 -

Table 2: Continuous statistical scores were considered for each specific categories: hits (h), far (f) and miss (m) 
for samples of March and September of 2014 (September statistics is affected by the low number of pixesl)."

Evaluation Methods – Probability distributions
 and Statistical Analysis

In order to assess the CDRD and GPROFV04 rainfall estimations over   
central  Amazon (Manaus)  the evaluation methods were applied to  all 
matching overpasses for each pairs of pixels (satellite-ground) and with 
minimal threshold of 0. 25mm/h. 

The normalized accumulations of rain for each rainfall class is given by :

Pixels Total 
(March)

Total 
(September)

SBand 3856 399
CDRD 9063 905
Sband 3893 516

GPROF 6342 608

Fig.7:  Scatter between CDRD rain rate (mm/h) and a) TB19V, b) 37V, c) 91V and d) 
183+-6V in 19/03/2014 at 11:25UTC. “Vegetated Land” pixels  (blue) and “coast” (land/
water transition) pixels (red) as classified by CDRD are shown.

a) b)

c) d)

Considering the evaluations and analysis of different case studies, it was 
possible to identify some algorithm limitation linked to surface type 
classification (i.e.  land, ocean, inland water,  among others) and their 
different  emissivity,  which  influences  the  selection  of  hydrometeor 
profiles in the a-priori database and, ultimately, the rainfall rate retrieval 
(both for CDRD and GPROF).
In  order  to  treat  this  issue,  we  intend  to  develop  a  dynamical  land 
surface classification. We applied the microwave polarization difference 
and scattering index (MPDI and SSI) (Tian et al.,  2015) to the GMI 
overpasses available for case studies analyzed in the Amazon region. 

Fig.8 : Classification of surface type of  a) CDRD (SSMIS) (1 = ocean; 2= vegetated land; 3 = 
“coast” and b) GPROF (SSMIS) over Amazon region. 

Fig.9: Example of  a) surface type classification based on MPDI and SSI indexes based on GMI  
and  b) corresponding scatter plot  of SSI x MPDI. Overpass of 12/03/2014 (05:43UTC).

Fig.10: a) SSI index field  and b) MPDI field relative to GMI overpass of 12/03/2014
 (05:43UTC).

Main Results

Surface classification 

In fig.7 it is possible to see an example of the result of the surface type 
classification  in  CDRD  [“vegetated  land”  and  land/water  transition 
(coast)  (see  also  fig.  8a)]  in  relation to  the  retrieval.  The criteria  is 
primarily based on a fixed map of surface type classification. 

In the fig. 9a it is possible to see that the combination SSI and MPDI using GMI is able to detect the distinct surface types. The presence of clouds and 
precipitation (seen in fig. 10a) contaminates the detection of the river (dark blue). This contamination is represented by yellow areas on the fig.9a, and it 
may lead to uncorrect surface type classification.  This is an important issue that needs further investigation. However, the criteria is very promising.

Fig. 10b shows the different classifications given by MPDI  and more tests will be made to find the fitting criteria for this area.

As initial verification, the same criteria above were applied to SSMIS sensor and a poor detection of different surface types was observed. This issue can be 
associated to the coarser resolution of SSMIS, but also might be improved with adjustments in the criteria used for the surface type classification for this 
sensor.

a) b)

a) b) a) b)
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In parallel with this analysis exposed here, we are extending the cloud-radiation database used as a 
priori  information for CDRD in order to improve the representativeness of the cloud model simulations 
for Brazil (the algorithm is currently optimized for Europe and Mediterranean area, recently extended 
to Africa and Southern Atlantic). Initial tests were carried out on selected case studies of the CHUVA/
Go-Amazon  campaigns,  using  different  cumulus  parameterizations  schemes  and  microphysical 
parametes. CHUVA campaign measurements and GPM observations will be used to verify the quality 
of the simulations.

Fig.5 : Matching of Sband radar to the nominal resolution of the satellite product CDRD (left) 
and GPROF (right) for 19/03/2014.




