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Abstract 
This work presents the climatology of the microphysics and the dynamics of 
weather systems in two coastal areas of São Paulo and the Espírito States at 
high spatial-temporal resolution as measured by two dual Doppler weather 
radars during the summer and early fall of 2015. Averages and respective 
standard deviations of polarimetric variables, namely, reflectivity (Z), diffe-
rential reflectivity (ZDR), differential phase (ϕDP), specific differential phase 
(KDP), copolar correlation coefficient (ρoHV), radial velocity (Vr), and the spec-
tral width (W) were obtained within a 240-km range on plan position indica-
tor (PPI), constant altitude plan position indicator (CAPPI) and vertical 
cross-sections to analyze overall horizontal and vertical precipitation micro-
physics and mesoscale circulation of prevailing weather systems, and their 
peculiarities over coastal and oceanic, and urban and rural areas. Overall, 
raindrops tend to be larger over the Metropolitan area of São Paulo from the 
surface to up to 6 km altitude indicating more vigorous updrafts caused by 
the heat island effect and the local sea breeze. The vertical microphysical 
structure is remarkably distinct over the Metropolitan Area of São Paulo 
(MASP) where thunderstorms can reach 20-km altitude in summertime un-
der sea breeze and heat island effects. On the other hand, there is a dominan-
cy of smaller drop sizes though larger ones observed close to the surface by 
the coast of Espírito Santo and at the land-ocean interface influenced by the 
local low-level jet and oceanic-type CCN. Convective cells tend to be smaller 
associated with Easterlies and more organized with Westerlies. The results 
indicate distinct features on hydrometeor types and circulation characteristics 
under these different surface and boundary-layer conditions in close agree-
ment with previous results in the literature. 
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1. Introduction 

[1] has made a thorough review of the polarimetric weather radar technology 
evolution from the 70s to the mid-90s used across the world and for a myriad of 
operational and science applications. These include climatological studies of the 
mesoscale weather systems. Murillo et al. [2] analyzed 23-yrs of data on severe 
hail over the Great Plains of the USA based on radar measurements and reana-
lysis data and concluded that it is useful to validate datasets and to improve 
modeling. Similar weather radar hail climatology based on a 55 dBZ reflectivity 
threshold for hail combined with lighting data has been carried out by 
Junghänel et al. [3] with a 10-yr database of hail events in Germany. Surowiecki 
and Taszarek [4] obtained the lifespan, morphology, and seasonal frequency of 
mesoscale convective systems (MCSs) and Derechos based on a 10-yr ra-
dar-based climatology for Poland and indicated it is a starting point to study 
warm-season precipitation for water resources and agriculture of Europe. Gou-
denhoofdt and Delobbe [5] performed a 10-yr climatology of storms in Belgium 
based on C-band weather radar measurements at 5-min intervals. They ana-
lyzed over a million storms to obtain overall statistics on periods, duration, di-
rection, and speed of storms. Burcea et al. [6] utilized a 15-yr weather radar da-
tabase over the Prut River Basin between Romania and Moldova to characterize 
the span, duration, direction, and speed of convective storm activity over that 
basin aiming at assessing the risks associated with severe weather episodes. 
Lengfeld et al. [7] derived climatology of hourly and daily precipitation accu-
mulation estimated by the weather radar network of Germany in a 16-yr 
weather radar database and concluded that the recurrence of heavy precipita-
tion events is affected by the topography. More recently, Kreklow et al. [8] have 
shown the importance of an improved weather radar quantitative precipitation 
estimation (QPE) by reanalyzing estimates integrated into ground measure-
ments to remove common radar artifacts, orographic, winter precipitation, and 
range attenuation.  

Kingfield et al. [9] analyzed 5-yr gridded weather radar rainfall estimation da-
ta to show the effect of the area of the four USA cities on the development of 
thunderstorms and concluded that larger cities might augment thunderstorms 
frequency and intensity downwind of the city. Vemado and Pereira Filho [10] 
observed similar characteristics in the Metropolitan Area of São Paulo (MASP), 
Brazil under heat island and sea breeze effects. Ihadua and Pereira Filho [11] 
used an X-band mobile weather radar to analyze the impacts of urban heat isl-
and (UHI), sea breeze, and baroclinic effects on thunderstorms microphysics in 
the MASP. Wu et al. [12] used a surface network of rain gauges in South China 
over a 46-yr period starting in the early 70s and found significant changes in 
hourly precipitation extremes related to urban effects. Davis and Parker [13] 
conducted a 4-yr weather radar climatology of tornadic and nontornadic vortic-
es in high-shear and low-CAPE over the mid-Atlantic and southeastern USA 
and showed distinct magnitudes of the radial shear but range limitations and 
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very short lead times and concluded that a denser weather radar network is re-
quired to nowcasting tornadic thunderstorms.  

Hadi et al. [14] studied sea breeze circulation in Jakarta, Indonesia, based on 
boundary layer radar measurements and satellite datasets. The climatology in-
cluded inland horizontal extent and topographic effects. The author pointed out 
that the available measurements at that time were not sufficient to refine the re-
sults. Wilson et al. [15] conducted a polarimetric weather radar experiment in 
Queensland, Australia in February 2008 and January and February 2009 to study 
the raindrop size variability in maritime and continental clouds. They analyzed 
the differential reflectivity ZDR and aerosol concentrations obtained with an on-
board probe on an aircraft. The results indicated the differences in raindrop size 
over land and the ocean with high (lower) aerosol concentrations, long air tra-
jectories, fast (slow) cloud-top growth, higher (lower) cloud tops, and higher 
(lower) ZDR. The authors proposed further experiments with additional polari-
metric weather radars for Dual-Doppler weather radar wind retrieval of vertical 
motions. Bumke and Seltmann [16] conducted a more extensive measurement 
campaign of 1-minute drop size sampling with an optical disdrometer placed in 
several sites over land, coastal areas, semi-enclosed seas, and open sea and found 
no differences in drop size spectra between continental and maritime areas, but 
at longer drop spectra time integration.  

Xu and Zipser [17] analyzed a 13-yr times series of reflectivity measurements 
onboard the Tropical Rainfall Mission Satellite (TRMM) to study the vertical 
structure of deep convection over continents, monsoon areas, and oceans and 
found significant microphysical structures within continental rainfall that are 
more intense due to mixed-phase microphysics, less remarkable for monsoon 
and least for oceanic convection. The main differences in the structure of storms 
are due to the mixed-phase updrafts and microphysics, rather than the cloud 
depth or ice depth. More recently, Radhakrishna et al. [18], based on more ad-
vanced DSD estimates of the global precipitation measurement dual-frequency 
precipitation radar, studied regional differences in raindrop size distribution 
within the Indian subcontinent and nearby seas between 2014 and 2018. Among 
the main finds, they concluded that microphysical and dynamical processes 
change the DSDs of continental rain. 

The above body of research work on precipitation climatology anchored on 
remote sensing, mainly weather radars of variable technologies and platforms 
have allowed a broader and deeper understanding of mesoscale convective sys-
tems at long and very high spatial-temporal resolution. In the present work, two 
twins Dual Doppler S-band weather radar systems installed one near the coast of 
São Paulo State and another by the coast of Espírito Santo State are used to cha-
racterize and contrast summer convection over continental and maritime areas, 
rural and urban areas, and orographic influences during the 2015 warm season. 
The two SPOL datasets are used to characterize hydrometeors of convective sys-
tems under different boundary-layer conditions over land, ocean, urban and ru-
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ral areas of São Paulo, and the Espírito States as shown in Figure 1. The hydro-
meteor types and associated microphysics and dynamics are examined by em-
ploying polarimetric variables such as ZDR (dB) and KDP (deg·km−1) to analyze 
CCN (ESWR) and differential heat island effects (SPWR) under those boundary 
layer types. The objective is to identify possible boundary layer effects on cloud 
microphysics and dynamics as well as the resulting rainfall rates and circulations 
about them. 

2. Materials and Methods 
2.1. Weather Radars  

The São Paulo Weather Radar (SPWR) and the Espírito Santo Weather Radar 
(ESWR) are both dual-polarization S-band Doppler weather radars installed in  

 

 
(a) 

  
(b)                                                  (c) 

Figure 1. Topographic map of South America (a). Red circumferences are the location with the location of the surveillance area 
(240-km radius) of the S-POL Weather radars in São Paulo—SPWR (b) and Espírito Santo—ESWR (c) States, Brazil. Latitudes, 
longitudes, and altitudes are also indicated. Altitudes are shown in colors from low (dark green) to high (brown). The main topo-
graphy features are the Brazilian high plains centered at (50W, the 20S), the Amazon Basin (55W, 5S), and the La Plata Basin 
(60W, 25S). Source: NASA/JPL/NIMA.  
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Salesópolis City, São Paulo State (Figure 1(b)) and Aracruz City, Espírito Santo 
State (Figure 1(b)) to survey weather systems within 240-km range. Complete 
volume scans are obtained every 5-min. at eleven elevation (SPWR) and six ele-
vations (ESWR) angles to monitor clear air and rain conditions at arbitrary con-
stant elevation (PPI) and constant altitude plan position indicator (CAPPI), and 
cross-sections (RHI) of polarimetric variables. They are briefly described below. 
Weather radar basics are found in Battan and Isaac [19] while dual-polarization 
radar characteristics are in Doviak and Zrnic [20]. 

Both SPWR and ESWR have identical features and their main characteristics 
are described in Pereira Filho et al. [21]. The polarimetric variables are measured 
horizontally and vertically simultaneously: 1) The horizontal (ZH) and vertical 
(ZV) effective reflectivity (mm6·m−3). Hydrometeors such as is raindrops, hail, 
graupel and snow have different backscatter cross-sections and concentrations 
within the radar beam volume. Since ZH and Zv vary from 0 to 106 mm6·m−3, it is 
converted to ( )1010 log dBZZ . Only ZH was used in this work; 2) Differential 
Reflectivity (ZDR) is the logarithmic ratio between ZH and ZV with units of (dB); 
3) Phase differential (fDP) is the difference between the electromagnetic wave 
phase (˚) emitted and received horizontally and the one emitted and received 
vertically. It increases with distance as the radar beam pulse goes through the 
hydrometeors within the clouds; 4) Specific phase differential (KDP) is the radial 
derivative of fDP between adjacent beam gates; 5) Copolar correlation (roHV) is the 
lag zero correlation between the horizontal and vertical polarization signals at a 
given gate; 6) The radial velocity (VR) is derived from the Doppler effect and 
measures the speed (m·s−1) of a target moving away (+) or towards (−) the radar 
and; 7) Spectral width (W) is the variance of the radial wind (m·s−1). The raw 
radar data is in spherical coordinates: antenna elevation angle, azimuth angle, 
and beam gate volume distance from the radar.  

2.2. Datasets and Statistical Analysis 

The SPWR and the ESWR datasets recorded between January to April 2015 and 
December 2014 to April 2015, respectively, were used in this research. The 
SPWR is installed at 916 m altitudes while the ESWR is at sea level. Volume 
scans are performed every 5 minutes for both radars but six (ESWR) and eleven 
(SPWR) elevation angles. So, the SPWR might have sampling issues given its 
faster antenna rotation.  

The lowest PPI and fixed cross-sections of non-null polarimetric variables 
were used to obtain time averages and the respective standard deviations (') of 
the polarimetric variables to analyze horizontal and vertical structures of weath-
er systems, respectively. Time averages and standard deviations of non-null data 
were obtained for Z (dBZ), KDP (deg·km−1), ZDR (dB), ROHV; V (m·s−1), and W 
(m·s−1). This approach was used to identify persistent microphysical and dy-
namical features of summer convection and radar artifacts caused by antenna 
rotation, ground clutter, anomalous propagation, etc. 
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2.3. Synthetic Hydrometeor Classification  

The definition of weather radar polarimetric variables and bulk hydrometeor 
classification based on polarimetric measurements are found in Straka et al. [22] 
and Ihadua and Pereira Filho [11]. A summary of Straka et al. [22] typical pola-
rimetric thresholds for main hydrometeor types is shown in Table 1. They are 
used in this work to qualitatively analyze different hydrometeor statistics.  

3. Results  

The radar beam elevation is at 1.0 deg and 1.3 deg elevations for the SPWR and 
ESWR, respectively. Roughly, the altitude of the PPI is at 2-km, 4-km, and 8-km 
in the 60-km, 120-km, and 240-km ranges, respectively. Radar vertically point-
ing measurements of the melting layer by Pereira Filho [23] showed that the 0˚C 
isotherm is at 3.5 km altitude in eastern São Paulo State. Thus, in general, warm, 
mixed, and cold microphysics have a higher probability of occurrence between 0 
km to 60-km, 60-km to 120-km and beyond the 120-km range, respectively.  

Figure 2 and Figure 3 show the lowest PPI averages (left) and respective 
standard deviation (right) of non-null polarimetric variables measured by SPWR 
and by ESWR, respectively. Figure 2(a) and Figure 3(a) are for the reflectivity Z 
fields. Both weather radars are affected by ground clutter contamination by 
mountains (Figure 1(a)), beam blockage (metallic structures and trees (SPWR) 
at the near field range, and far-field range (ESWR) caused by mountains west-
ward (Figure 1(b)).  

In Figure 2(a), Z  > 28 dBZ near the ground clutter and at Mantiqueira 
Mountain Range and at far ranges over the continent Z  ~ 20 dBZ. On the 
other hand, over the Atlantic Ocean Z  ~ 14 dBZ. Close to the SPWR the is 6 
dBZ < Z  < 14 dBZ due to clutter filtering. From 0 km to 40 km range Z' ~ 15 
dBZ mainly due to drop spectra variation near surface ground and Z' ~ 6 dBZ 
above the 200 km range due to cold microphysics near cloud tops. There are 
bean blocking features at about the 180˚ azimuth and also three others around 
the 90˚ azimuth. The variance of reflectivity decreases away from the SPWR due to 
the distance effect, bean filling and cold microphysics at higher altitudes. One 
might notice that continent oceanZ Z ′>′  at far ranges are related to lower cloud tops. Z' 
~ 6 dBZ over the ground clutter by mountain ranges. The increase of Z  at mid 

 
Table 1. Hydrometeor types and respective polarimetric thresholds for reflectivity Z 
(dBZ), differential reflectivity ZDR (dB), specific differential reflectivity KDP (km−1), and 
the correlation coefficient ROHV. Source: Straka et al. [22].  

Hydrometeor 
Type 

Polarimetric variable 

ZH (dBZ) ZDR (dB) KDP (km−1) RoHV 

Rain <60 >0 >0 >0.95 

Hail 45 - 80 −2 to 0.5 −0.5 to 1 <0.97 

Hail/Graupel 20 - 50 −0.5 to 2 0 to 1.5 >0.95 

Rain/Hail 45 - 80 −1 to 6 −0.4 to 0.9 <0.95 

Snow <45 −0.5 to 6 −0.6 to 1 >0.5 
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Figure 2. SPWR 1.0 deg. PPIs of mean (left) and standard deviation (right) of non-null polarimetric variables: Z 
(dBZ) (a); KDP (deg·km−1) (b); ZDR (dB) (c); VR (m·s−1) (d); W (m·s−1) (e) and ROHV (f) for the period of January 
to April 2015. Geographic boundaries, latitudes and longitudes, and scales are indicated. Cross-sections (aa) (pink 
dashed line) and (bb) (yellow dashed line) are shown in the radial wind field (bottom-left). The boundaries close to 
the SPWR are cities within the metropolitan area of São Paulo (MASP). The radius of SPWR surveillance is 240 km. 

 
ranges is caused by melting layer effect is clearly seen in Figure 2(a) and OHVR  
(Figure 2(f)). It has a broader radial range over the continent that suggests a 
higher altitude fluctuation of the 0˚ isotherm within the rainy season.  

Figure 2(b) shows two rings of DPK  where 0.14˚·km−1 < DPK  < 0.07˚·km−1 
at ranges about 120 km associated to the melting layer and 0.18˚·km−1 < DPK  < 
0.08˚·km−1 above the 200-km range related to cold microphysics. Furthermore, 

DPK ′  > 0.3 in between azimuths 270˚ and 360˚. The variability of DPK ′  tends to 
be lower over the Atlantic Ocean and in between 0.0.2˚·km−1 < DPK ′  < 
0.07˚·km−1. A nucleus of high DRZ  between 1.0 dB and 1.6 dB is seen in the 
NW quadrant as well as in DRZ ′  between 1.0 dB and 1.5 dB that is associated to 
long-lasting deeper convection and the melting layer with mixed phase micro-
physics which needs further investigation. The SPWR average radial winds RV  
in Figure 2(d) indicate that the direction of the zero isodop is NE-SW. So, the 
average winds in the troposphere are Northwesterly and consistent with synop-
tic-scale 700-hPa and 200-hPa winds shown in Figure 4. This prevailing NW 
flow advects Amazonia moisture specially so during episodes of stationary fronts 
for several days termed South Atlantic Converge Zone (SACZ), one of the most 
important circulation systems for the replenishment of the water supply for the 
Southeast region Pereira Filho et al. [24].  
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Figure 3. Similar to Figure 2.  

 

 
Figure 4. Mean composite of 200-hPa and 700-hPa wind fields between January and April 2015 obtained with 
NCEP/NCAR Reanalysis System by NOAA Physical Sciences Laboratory. Latitudes, longitudes, geographic boun-
daries, and wind directions (arrows) are indicated. Surveillance areas of ESWR and SPWR are indicated by the red 
circumferences. Wind speed in color scales.  
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The cross-sections (aa) and (bb) in Figure 2(d) were used to examine poten-
tially distinct vertical microphysical structures over continental-ocean (aa) and 
urban-rural (bb) interfaces. These are analyzed latter in this section by means of 

DRZ , DRZ ′ , OHVR  and OHVR′ . Figure 2(e) shows the average spectral width 
(W ) and respective standard deviation (W'). This polarimetric variable is asso-
ciated with the variance of radial winds (VR) and might be caused by radial wind 
shear, turbulence and antenna rotation. The average spectral width increases 
with range or, alternatively, with the altitude, from 0.8 m·s−1 to 2.2 m·s−1. The 
high nucleus of W  coincides with the one for DRZ  (Figure 2(c)) with maxW  
~ 2.2 m·s−1 and maxW ′  ~ 1.0 m·s−1, additional evidence of more vigorous vertical 
winds and turbulence associated with a preferred region of deeper convective 
systems.  

Figure 2(f) shows the ppis of OHVR  and ROHV. They are very similar to the 
ones in Figure 2(c) for DRZ  and DRZ ′ . Overall, ROHV varies between 0.9 and 
1.0 that indicates the good quality of the polarimetric measurements by SPWR. 
The lower OHVR  ~ 0.9 and higher OHVR′  ~ 0.08 suggest the impact of mixed 
phase microphysics in the region that tends to yield larger rain drops Ihadua and 
Pereira Filho [11]. The OHVR  field pattern is also similar to Z  in respect to 
the melting layer spatial distribution over the continent and over the ocean. 

OHVR′  varies much more over the continent where the diurnal diabatic heating 
increases buoyancy and deepens convection. Noteworthy, OHVR  is small in 
ground clutter areas produced by mountains while OHVR′  is higher. This cha-
racteristic is caused by the variation of the radar bean elevation under different 
lower troposphere refractivity that is a function of the vertical gradient of air 
temperature and moisture content.  

Figure 3 shows the statistics of the ESWR that includes the month of Decem-
ber 2014 dataset. The average reflectivity ppi field Z  in Figure 3(a) varies from 
0 dBZ to 28 dBZ. It increases with the distance away from the radar except where 
ground clutter returns by mountains (westward) are greater than 28 dBZ. The in-
crease of Z  caused by the bright band forms a more symmetrical belt about the 
ESWR between 120-km and 200-km range. This suggests that the 0˚ isotherm 
level is in general higher and variable given also that the ESWR surveys at lower 
latitudes where the troposphere is deeper. The standard deviation Z' is higher 
(~14 dBZ) at close ranges and lower (~5 dBZ) at far ranges mainly due to the 
larger raindrop variation near the ground surface and cold microphysics close to 
the cloud tops with a much lower complex index of refraction, respectively.  

Figure 3(b) for DPK  and DPK ′  shows less of a symmetric and almost no 
existing belt feature associated to the bright band over the Atlantic Ocean. Dee-
per convection westward over Minas Gerais State with DPK  ~ 0.16˚·km−1 is 
striking as well as the higher variance DPK ′  ~ 0.4˚·km−1 near the coast within 
60-km range. DPK ′  tends to be more homogeneous DPK ′  ~ 0.3˚·km−1 over the 
Atlantic Ocean with DPK ′  ~ 0.05˚·km−1. The statistics of the differential reflec-
tivity DRZ  and DRZ ′  is shown in Figure 3(c). DRZ  is more uniform beyond 
the 60-km range. It tends to be higher over the continent (~0.4 dB) and lower 
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over the ocean (~0.02 dB). The standard deviation DRZ ′  varies from 0.9 dB to 
1.8 dB over the continent and close to the coast of Espírito Santo State and from 
0.2 dB to 0.9 dB over the ocean, suggesting significantly large raindrop spectra 
variation. The larger drop sizes over the ocean near the ground surface is a very 
shallow microphysical feature that might be caused by the LLJ (Figure 3(d)) and 
maritime cloud condensation nuclei (CCN). 

Figure 3(d) shows RV  and RV ′  ppi fields. The zero isodop direction is 
NE-SW southward of the ESWR and has an inverted S-curvature northward or 
northwest winds south of the ESWR and warm advection with winds backing 
with height (Southern Hemisphere) away from the ESWR north of the ESWR, 
respectively. Radial winds near the ground surface are RV  ~ 7 m·s−1. A 
low-level jet (LLJ) is apparent. The magnitude of the winds is consistent with the 
ones from the reanalyzes in Figure 4. Figure 3(e) indicates that the wind spec-
tral width W  varies between 1 m·s−1 and 2.2 m·s−1 and W' between 0.4 m·s−1 
and 1.0 m·s−1. W  is less radially symmetric but increases with the distance away 
from the ESWR and varies more close to the coast, especially close to the Tu-
barão Harbor (Pereira Filho et al. [21]), a large by seen 50-km south from 
ESWR. Figure 3(f) shows OHVR  and OHVR′  ppi fields. Apart from ground 
clutter produced by the mountains westward with OHVR  ~ 0.9, it indicates the 
effect of the continental cold microphysics with OHVR  ~ 0.96 against the ocean 
warm microphysics with OHVR  ~ 0.98 virtually everywhere. OHVR′  is much 
higher over the coast (~0.08) than over the ocean (~0.04).  

These results indicate significant differences in microphysics over the conti-
nent and the ocean in two coastal areas of Brazil that also corroborate previous 
results briefly described in the introduction but with inedited higher spa-
tial-temporal resolution.  

To further analyze the vertical microphysical structure for both the SPWR and 
the ESWR polarimetric datasets, vertical profiles of DRZ , DRZ ′  and OHVR  and 

OHVR′  were obtained for the cross-sections indicate in Figure 2(d) and Figure 
3(d). Cross-sections (aa) and (bb) go across continental/ocean and urban/rural 
surfaces about middle way between them, respectively. On the other hand, 
cross-sections (cc) and (dd) go across continental/ocean surfaces perpendicular 
to the coast south and north of the ESWR. 

Figure 5 shows the cross-sections of DRZ , DRZ ′  and OHVR  and OHVR′  for 
the (aa) and (bb) directions shown in Figure 2(d). The overall vertical profile 
(aa) of DRZ  and ZDR´ indicate very distinct magnitudes below ( DRZ  ~ 1.0 
dB) and below ( DRZ  ~ 0.5) the 6-km altitude. Moreover, in cross-section (aa) 
the maximum maxDRZ  ~ 1.3 dB is below 4-km altitude over the continent and e 
ocean maxDRZ  ~ 0.8 dB. Similarly, below the 4-km altitude DRZ ′  ~ 1.2 dB over 
the continent and DRZ ′  ~ 0.8 dB over the ocean. This indicates that the rain 
drop spectra is constitute of large and more variable rain drops over the conti-
nent than over the ocean. On the other hand, the vertical profile of DRZ  and 

DRZ ′  of cross-section (bb) are similar but for urban/rural surface boundaries 
and deeper layers (~8-km).  
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Figure 5. Cross-sections (aa) and (bb) in Figure 2(d) for the mean (left) and standard deviation (right) of ZDR (dB) and 
ROHV for SPWR. Altitudes, longitudes, and color scales are indicated. 
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Thus, the vertical microphyssummertimeure is remarkably distinct over the 
Metropolitan Area of São Paulo (MASP) where thunderstorms can reach close to 
20-km altitude in summer time under sea breeze and heat island effects (Vema-
do and Pereira Filho [10]). The average copolar correlation coefficient is almost 
constant above 6-km altitude with OHVR  ~ 0.99 in both cross-sections (aa) and 
(bb) as shown in Figure 5. Below the 4-km altitude, is more variable over the 
continent ( OHVR′  ~ 0.06) than over the ocean ( OHVR′  ~ 0.03) as well as over the 
MASP ( OHVR′  ~ 0.08) than over rural areas ( OHVR′  ~ 0.02). Noteworthy, the ver-
tical transition of ROHV, from urban to rural is sharper than from continental to 
ocean one.  

Figure 6 shows vertical profiles indicated in Figure 3(d) for the ESWR for 
cross-sections (cc) (south) and (dd) (north) that go across the coast of Espírito 
Santo State to the Atlantic Ocean.  

Overall raindrops tend to be larger over the Metropolitan area of São Paulo 
from the surface to up to 6 km altitude indicating more vigorous updrafts caused 
by the heat island effect and the local sea breeze Pereira Filho et al. [25]. The 
ESWR average ZDR profiles indicate the dominancy of smaller drop sizes though 
larger ones observed close to surface Northward of ESWR right at the 
land-ocean interface that is suggested to be influenced by the observed LLJ 
(Figure 3(d)) and Ocean-type CCN. Cells tend to be smaller associated with 
Easterlies and more organized with Westerlies. Few convective events were mo-
nitored and measured with ESWR. Both weather radars have very good quality 
datasets as indicated by the maximum range of ROHV between 0.96 (Figure 2(f)) 
and 0.98 (Figure 3(f)) despite the smaller sampling time for SPWR and spatial 
resolution for ESWR. 

An instance of a convective system monitored by SPWR and ESRW is shown 
in Figure 7 and Figure 8, respectively. Given the selected cross-sections for the 
ESWR and the fewer elevation angles, just the second elevation PPI was used. 
Figure 7 shows PPIs and cross-sections of a convective episode over MASP at 
2025 UTC (1725 LT) on 7 January 2015. This convective system was associated 
with heat island and sea breeze effects, common features in MASP (Vemado and 
Pereira Filho [10]). The PPIs of Z (Figure 7(b)) and ZDR (Figure 7(a)) indicate 
higher Z and higher ZDR over MASP than elsewhere. Stronger updrafts (Figure 
7(e)), rich urban CCN, and moisture injected by the sea breeze (Figure 7(g)) 
result in intense rainfall rates Pereira Filho et al. [26]. The ZDR cross-section 
Figure 7(e) indicates larger drops up to 7-km altitude, where over-shooting tops 
in Z are greater than 15-km (Figure 7(b)), KDP above 3 deg·km−1 (Figure 7(d)) 
with strong radial convergence (Figure 7(g)) as well as turbulence indicated by 
W > 5 m·s−1 (Figure 7(h)). 

Figure 8 shows 1.3 deg. PPIs of the polarimetric variables for a case of a 
South-Eastward moving convective system at 2115 UTC (1815 LT) on 5 February 
2015. The reflectivity is higher Z ~ 40 dBZ (Figure 8(b)) at the NW quadrant 
where ZDR ~ 1.5 (Figure 8(a)). The region with lower Z ~ 25 dBZ (Figure 8(b)) 
westward and at more distance ranges (higher altitudes) has significantly higher  
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Figure 6. Cross-sections (cc) and (dd) in Figure 3(d) for the mean (left) and standard deviation (right) of ZDR (dB) and ROHV 
for ESWR. Altitude, longitudes, and scales are indicated. 
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Figure 7. SPWR 1.0 deg. PPIs of ZDR (a) and Z (b) and cross-sections in the direction (bb) in Figure 2(d) of Z 
(dBZ) (c), KDP (deg·km−1) (d), ZDR (dB) (e), ROHV (f); V (m·s−1) (g), W (m·s−1) (h) on 2025 UTC 7 JAN 2015. 
Geographic boundaries, latitudes, longitudes, heights, and scales are indicated. 
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Figure 8. ESWR 1.3 deg. PPIs of ZDR (a); Z (dBZ) (b); KDP (deg·km−1 (c); ROHV (d); V (m·s−1) (e), W (m·s−1) (f) 
on 2115 UTC 5 JAN 2015. Geographic boundaries, latitudes, longitudes, and scales are indicated. 

 
ZDR ~ 1.5 dB (Figure 8(a)) and almost constant KDP ~ 0.5˚·km−1 (Figure 8(c)) 
indicates a mixed-phase transition at mid-levels. Within the 120-km range, ROHV 
~ 0.98 (Figure 8(d)) and lower beyond this range with ROVH ~ 0.9 indicates a 
presence of ice crystals and liquid water. The radial winds (Figure 8(e)) are from 
NW in the upper levels and NE close to the surface. The maximum inbound 
winds over the continent are VR ~ 10 m·s−1 and the outbound winds VR ~ 20 
m·s−1 over the ocean and near coastline close to the surface ground. The spectra 
width W ~ 3 m·s−1 in this region (Figure 8(f)) coincides with ZDR > 2 dB. This 
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feature might be associated with strong winds near the surface that form ocean 
surface waves and high turbulence that splashes into the airdrops of ocean water. 
This type of mesoscale convective system shown in Figure 8 tends to be orga-
nized by westward-moving ordinary convection initiated over the Atlantic 
Ocean (not shown). Despite the higher Z NW of ESWR, ZDR is a larger N-S over 
the ocean close to shore. Winds (VR > 15 m·s−1) and turbulence (W > 3 m·s−1) are 
stronger in this region where larger drops tend to oscillate more and so reduce 
(ROHV < 0.9).  

4. Conclusion 

The new SPOL weather radars available in São Paulo and the Espírito Santo 
States and other regions of Brazil and of the world Zheng et al. [27] are very im-
portant new data sources to study specific cloud dynamics and microphysics 
under continental and oceanic and urban and rural environments. For instance, 
the heat island effect in the MASP produces very deep thunderstorms and is also 
influenced by the rich urban CCN boundary layer and mixed-phase microphys-
ics with distinct polarimetric variables as seen in the overall features with high 
values of ZDR at lower levels and negative KDP aloft. The vertical microphysical 
structure is remarkably distinct over the MASP under sea breeze and heat island 
effects. Below the 0˚ isotherm, warm microphysics is dominant with distinct 
characteristics over urban and rural/ocean areas. On the other hand, strong 
winds and turbulence over the shores of Espírito Santo seem to enlarge drops 
over the ocean and where maritime CCN is injected though in general shallower 
convection observed during the summer of 2015. Further studies are being car-
ried out to improve nowcasting tools based on these richer databases available at 
high spatial-temporal resolution.  
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