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ABSTRACT 

The Climatic Water Balance (CLIMWB) is very used in the climatic characterization and 

can also offer important contribution in the identification of the water demand for 

irrigation of a region. For this, reliable precipitation data with good spatial coverage is 

required. The Tropical Rainfall Measuring Mission satellite -TRMM-3B43-v7 is a 

partnership between NASA (National Aeronautics and Space Administration) and Japan’s 

Aerospace Exploration Agency (JAXA), which estimates rainfall data for the tropics 

region. The aim of this study is to evaluate the CLIMWB obtained by the Thornthwaite & 

Mather method (1955), with estimated rainfall data with the 3B43 product versus those 

generated with rainfall data and to map pixel-by-pixel water availability with good spatial 

coverage for the Doce River basin, located in the Atlantic Hydrographic Region, 

Southeastern Brazil, between the states of Minas Gerais and Espírito Santo. The 

CLIMWB variables generated with 3B43, together with the precipitation, showed a good 

correlation with those fed with surface rainfall data. The largest differences between the 

two datasets were found in some stations in the southeast and northeast of the basin. The 

CLIMWB variables presented a good correlation, with the best water excess (0.94), 

followed by water deficit (0.88), water availability (0.84) and real evapotranspiration 

(0.82). With TRMM - 3B43, we can characterize the CLIMWB in a similar way to that 

obtained with data observed by the gauges, providing much more extensive coverage. The 

use of the TRMM - 3B43 precipitation data allows a consistent characterization of the 

regional water availability, contributing to the agricultural planning and management, 

mainly to fill the gaps left due to the absence of rain gauges and to possible failures in the 

rain gauges’ data series. 
 

 

INTRODUCTION 

The water basin area of the Doce River (WBDR) is 

of great importance for the agricultural sector covering an 

area of 86.711 km² (82% - MG and 18% - ES) and 

contributes to the generation of expressive borders 

generated by coffee exports in the states of Minas Gerais 

and Espírito Santo, and fruit pulp in the state of Espírito 

Santo, as well as by forestry and livestock. 

In the WBDR, especially in the areas of the state of 

Espírito Santo, there is a great demand for freshwater, and 

a large number of allocations are registered for the 

irrigation of monocultures with capture in the Doce river, 

mainly in the municipalities of Linhares and Colatina 

(ANA, 2016).  

The knowledge of rainfall is of great relevance for 

the management of the water resources of a river basin. 

The rain gauges are distributed on the terrestrial surface 

and collect information only for a small area located in its 

surroundings.  The WBDR stations are poorly distributed 

and with low density.  

Several studies have been studying other forms of 

rainfall monitoring, such as the Tropical Rainfall 

Measuring Mission - TRMM. This satellite is a partnership 

between the National Aeronautics and Space 

Administration (NASA) and the Japan Aerospace 

Exploration Agency, to monitor and to study the rainfall in 

the tropics (Kummerow et al., 2000). 

The TRMM is composed of five instruments: 

microwave imaging; precipitation radar; non-visible and 

infrared sensors; sensor for the imaging of lightning and; 

radiant and cloud energy sensor (NASA, 2014). 
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The version seven (v7) is the last of the TRMM 

products and according to Xue et al. (2013), there was an 

improvement in precipitation estimation when compared to 

the v6. The 3B43-v7 product is the result of the 

combination of two products, the 3-hour estimate of the 

3B42-v7 algorithm and the precipitation observed by rain 

gauges from the Global Precipitation Climatology Center 

project and the Climate Assessment and Monitoring 

System on a monthly basis.   

Studies have been developed with TRMM 

precipitation data, applying them in several areas, such as 

drought monitoring (Du et al., 2013; Zhang & Jia, 2013; Li 

et al., 2013; Leivas et al., 2014, Santos et al., 2017), 

productivity (Silva-Fuzzo et al., 2015), weather forecast 

(Ferreira et al., 2012), hydrological models (Xue et al., 

2013; Li et al., 2012; Tuo et al., 2016; Wang, et al., 2016), 

rain estimation (Soares et al., 2016), evapotranspiration 

(Mateos et al., 2013), incidence of fire (Alves & Perez-

Cabello, 2017) and characterization of groundwater.  

Validation studies with the TRMM 3B43 have been 

carried out in recent decades, such as those of As-Syakur 

et al. (2013) in Indonesia, which compared data obtained 

with the TRMM with five rain gauges. Feidas (2010), in 

Greece, compared six satellite products at three different 

space resolutions and Dinku et al. (2007), in Ethiopia, 

evaluated ten products from different satellites, the 3B43 

being the one that presented the best performance. 

However, there is a lack of studies using rainfall 

data estimated by this satellite as input to the 

Climatological Water Balance (CLIMWB), mainly with 

the Thornthwaite & Mather method, such as the studies of 

Mahmud (2014) and Quirino et al. (2015). Mahmud (2014) 

used the rainfall data from the TRMM satellite and 

evapotranspiration estimated by the Satellite-based Daily 

Evapotranspiration to calculate water availability in the 

Malaysian Peninsula.  Quirino et al. (2015) analyzed the 

response of the CLIMWB proposed by Thornthwainte & 

Math (1955) with data from the TRMM in regions of the 

state of Goiás.  

The CLIMWB consists of the quantification of the 

inputs and outputs of water of a given soil volume, and it 

allows the estimations of the actual evapotranspiration of 

the area represented by the accounting and has been used 

as a priority in the regional climatic characterization. This 

can help in several areas of agriculture such as 

characterization of dry periods, irrigation, agroclimatic 

zoning and climatic characterization. The main inputs and 

outputs for CLIMWB are precipitation and 

evapotranspiration, respectively.  

The aim of this study is to compare the climatic 

water balance obtained by the method of Thornthwaite & 

Mather (1955), with precipitation data estimated by the 

3B43 product versus rainfall data, and to generate the 

pixel-by-pixel water availability mapping with good 

spatial coverage for the water basin of the Doce river.  

 

 

MATERIAL AND METHODS 

The water basin of the Doce River (WBDR) is 

located in the states of Minas Gerais and Espírito Santo. 

The boundary of the basin adopted for this study follows 

the Integrated Water Resources Plan of the Doce River 

Basin (Souza et al., 2010), which encompasses the Barra 

Seca river basin, for management purposes (Figure 1).  

 

 
FIGURE 1. Location of the water basin of the Doce River; 

Rain gauges represented in blue color and the center point 

of the pixels of the 3B43 - v7 product in red. 

 

The region is influenced by the oceans, causing 

higher air temperatures (Ta) in Baixo Guandu, Espírito 

Santo, Aimorés, Governador Valadares and Vale do Aço 

(Timóteo, Coronel Fabriciano and Ipatinga) in Minas 

Gerais. It presents spatial and seasonal variability of Ta 

(Cupolillo et al., 2008). The largest area of WBDR 

presents annual Ta between 20 and 26°C. The warmest 

period is found in the months from December to March, 

being recorded the highest Ta in the lower Doce river, 

region of the state of ES. In the west part, most of the 

upper Doce River, even in the summer, the average Ta 

does not surpass 26°C, being, therefore, the region with the 

milder Ta, corroborating with the study of Cupolillo et al. 

(2008). In the regions bordering the basin, especially in the 

mountainous areas, Serra do Caparaó to the southeast, 

Serra da Mantiqueira to the southwest and Serra do 

Espinhaço to the west, the Ta arrives at 5°C in the coldest 

month of the year, July (May to August). 

The climatic water balance (CLIMWB) uses easily 

obtained parameters, such as local air Temperature (Ta), 

Precipitation (P) and local Latitude (Lat). The Ta was 

estimated by multiple linear regression equations; the 

monthly and annual P data were estimated by the TRMM 

satellite from the 3B43-v7 product with regular grid-point 

in the ASCII format on the NASA site (NASA, 2013); the 

observed P data (OBS) came from the rain gauges of the 

National Water Agency - ANA, of the National Institute of 

Meteorology - INMET and the Capixaba Institute for 

Research, Technical Assistance and Rural Extension 

(INCAPER). An overview of the processes carried out can 

be obtained by the flowchart in Figure 2. 
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The observed monthly data of P of 80 rain gauges, 

located in the basin and 25 bordering ones, totaling 105, 

were used for preliminary analysis, as directed by Bertoni 

& Tucci (2004). 

The fault-filling was carried out using the regional 

weighting method and the consistency analysis by the 

Double Mass method developed by the Geological Survey 

(USA) (Bertoni & Tucci, 2004). For the regional 

weighting method, a series of 30 years (1983 to 2012) was 

used as recommended by the World Meteorological 

Organization (Pereira et al., 2002).  

The monthly P data estimated by the TRMM 

satellite come from the 3B43 product and other sources of 

monthly precipitation products, version 7 (3B43-v7). The 

3B43-v7 combines two products, the estimation every 3 

hours of the 3B42-v7 algorithm and the precipitation 

observed by rain gauges from the Global Precipitation 

Climatology Center (GPCC) project and the Climate 

Assessment and Monitoring System on a monthly basis.  

 

 

FIGURE 2. Flowchart overview of the procedures developed at study. (Error: difference originated by the nature of the P 

values of a rain gauge with those of the TRMM; r: correlation; RMSE: root mean square error; AAE: Absolute average error).  

 

The data are available free of charge from NASA’s 

TRMM website at 0.25° x 0.25° resolution. The data were 

acquired covering the entire WBDR boundary, totaling 

150 pixels central points (Figure 1). Of these, only the 

pixels in which there were rain gauges in their area of 

coverage were used, totaling 84 pixels. 

The determination of the CLIMWB for WBDR was 

carried out according to methodology proposed by 

Thornthwaite & Mather (1955). One with input data from 

P gauges (OBS) and one with P from 3B43-v7. The 

average of the historical series of the monthly P was 15 

years (1998 to 2012), due to the availability of the 3B43-

v7 P data be from 1998.The Thornthwaite & Mather 

method was developed to determine the water regime of a 

given site, without requiring direct measures of soil 

conditions. 

The CLIMWB was carried out using the “BHnorm” 

program, elaborated in EXCEL worksheet by Rolim et al. 

(1998). The available soil water capacity (AWC) was 125 

mm, as indicated for perennial crops by Pereira et al. 

(2002), since this region is a major producer of coffee, 

fruit growing and forestry.  

The CLIMWB started with the estimation of 

potential evapotranspiration (ETP) by the Thornthwaite 

method (1948) due to its simplicity of determination of 

potential evapotranspiration and is widely used, as in 

studies by Silva et al. (2013). This method was chosen 

because it requires only the air temperature (Ta) as input 

data and also because it presents small estimation 

deviations, as compared to the Penman-Monteith standard 

method, as observed by Sentelhas et al. (2008). 

The air temperature (Ta) was estimated by applying 

multiple linear regression equations with independent 

variables the altitude (Alt), the latitude (Lat) and the 

longitude (Long) of the gauges. Nine stations were used 

within the WBDR and 18, around the border of the same, 

being 12 in MG, 1 in RJ and 14 in ES with a historical 

series of 30 years (1983-2012). Castro et al. (2010) 
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verified a good coefficient of determination for Ta, from 

0.94 to 0.97.  

The adjusted coefficient of determination (R²) and 

the significance of the regression coefficients were 

obtained by Student’s t-test at 5% of probability. 

After the CLIMWB was carried out for the 105 rain 

gauges (OBS) of the WBDR with P data of the gauges, the 

CLIMWB with P data of the 3B43-v7 were processed for 

the same locations of the gauges, for later comparison. The 

P value for the central point of the pixel corresponds to the 

rainfall of an area of approximately 27 X 27 km2. 

Therefore, the analysis was carried out with the data of the 

gauge that is in the area of comprehension of the pixel and 

the value of the center point of the same one. 

The comparison between the CLIMWB was carried 

out using the calculation of Error (Bias), in which the 

variables generated by CLIMWB were subtracted from the 

variables generated by the CLIMWB with the 3B43-v7 

(3B43-v7 - OBS). The relative error was calculated to 

verify the percentage of how much the values 

underestimated or overestimated in relation to the 

observed, in which the Relative Error was calculated by 

the expression (ER) = 100x (OBS-TRMM)/OBS. We also 

used: Correlation of Person (r) and root mean square error 

(RMSE), as used by Quirino et al. (2015) and also the 

average absolute error (AAE). 

In order to map the WBDR water availability with 

good spatial coverage and potential for application in 

agrometeorology, a pixel-by-pixel CLIMWB was carried 

out, with rainfall data estimated by 3B43-v7 and Ta 

estimated by the linear regression equations.  

The pixel-by-pixel CLIMWB was carried out 

through a computational routine based on the methodology 

of Thornthwaite & Mather (1955). Lat., Long. and Alt. 

were used of the WBDR and the WCA of 125 mm. For the 

Alt. data, a digital elevation model (DEM), obtained by the 

SRTM (Shuttle Radar Topography Mission) radar data 

made available by the Brazilian Agricultural Research 

Corporation - Embrapa (Miranda, 2005). The 15 scenes 

used were mosaic and submitted to a refinement process. 

The generated DEM provided the geographic coordinates 

and the Alts. necessary to estimate the Ta. The spatial 

resolution of output was 0.02 °, equivalent to a spatial 

resolution of approximately 2.2 km. 

 

RESULTS AND DISCUSSION 

The results of the statistical analyzes between the 

CLIMWB and the data estimated by the TRMM satellite 

product 3B43-v7 versus observed data (OBS) of the 

rainfall gauges for WBDR are shown in Figure 3 and 

Table 1 (variables: P, ETR, DEF, EXC and ETR/ETP), 

along with the maximum and minimum values of each 

variable. The positive signals in error (E) and relative error 

(ER) indicate that satellite overestimated and the negative 

underestimated. 105 comparisons were made. 

 

 

FIGURE 3. Comparison between TRMM precipitation data (3B43) and rain gauges (OBS) for the water basin area of the Doce 

river, between 1998 and 2012. a. Scatter chart. B. P index and their respective error values (TRMM-OBS) and Relative Error 

(100x (OBS-TRMM)/OBS). 

 

The TRMM rainfall data presented good performance with r of 0.98, RMSE 18.6, ERROR 8.2 and EMA 74.3, with a 

tendency to overestimate P in this basin (Figure 3.a and b). However, the opposite was found by As-Syakur et al. (2011) in 

Bali - Indonesia for the period of 1998-2002. Li et al. (2012) in their study, observed, in the 6 years analyzed, that the TRMM 

underestimated in the first three years and overestimated in the other three. This demonstrates that the TRMM does not have a 

standard, presenting different results in each basin. This confirms the importance of validating this data in each region. 

 

TABLE 1. Statistical analysis of annual comparisons between CLIMWB variables generated with rainfall data estimated by the 

TRMM and rain gauge for the basin of the Doce River. 

 r 
RMSE 

(mm) 

E (Bias) 

(mm) 

EMA 

(mm) 

ER (%) TRMM (mm) OBS (mm) 

Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. 

P 0,92 18 8 75 8  110 348-5 102 378-3 

ETR  0,82 88 54 102 6 41 a -6,2 1046 1297 a 764 993 1327 a 754 

DEF  0,88 87 -54 90 -22 74 a -99,9 174 433 a 0 228 573 a 23 

EXC  0,94 92 54 195   288 813 a 0 238 1073 a 0 

ETR/ETP  0,84 0,06 0,04 0,06 6 41 a -6,2 0,9 1 a 0,7 0,8 1 a 0,6 

ETR = real evapotranspiration; DEF = water deficiency; EXC = water excess; ETR/ETP = water availability; r = coefficient of correlation; 

RMSE: Root of the mean square error. E (Bias) = average error; EMA = absolute mean error; ER = relative error; TRMM = with rainfall 

estimated by Tropical Rainfall Measuring Mission satellite; OBS = with the rain. observed by the rain gauges. 
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The TRMM data responds to seasonal climatic 

conditions in the region where the rainfall in the dry 

season is low and in the rainy season, is high (Figure 3), 

following the variations of the gauges, as can be observed 

in Figure 3.b. A seasonal pattern was also observed by As-

Syakur et al. (2013) in the archipelago of Indonesia and 

Silva-Fuzzo & Rocha (2016) in the state of Paraná. 

The correlation values were above 0.82. Values of r 

near this value were found by Quirino et al. (2015) for 

three cities of Goiás (Aragarças, Catalão and Formosa) for 

monthly values of 2013. The authors also evaluated ten-

days values with another TRMM product, the Real Time -

RT daily. According to the authors, this last product 

presented excellent performance, but less than the 

monthly, and proved to be useful for monitoring the water 

balance in near real time. 

The analyzes for the ETR, DEF, EXC variables 

were: the RMSE with 88 and 92 mm; Error of 54 mm, 

overestimating the variables, less for the DEF, where the 

3B43-v7 underestimated. This was due to the P influence, 

which in this basin tends to overestimate, as can be 

observed in previous data analysis; the EMA was from 90 

to 195 mm, showing higher value in the EXC. Quirino et 

al. (2015) observed this pattern in their study in GO, in 

which two-thirds of the comparisons overestimated. The 

relative error shows that the satellite overestimated on 

average 6% for the ETR and ETR/ETP, but the DEF was 

underestimated, 22%. 

The EMA for ETR/ETP is 0.06 mm, a similar value 

was found by Castro et al. (2010), when they evaluated 

different interpolators for this variable in the state of 

Espírito Santo. It is a low value, the station with the 

highest absolute error is 0.25 and the lowest is 0.01. These 

low values are justified because the ETR/ETP values vary 

between 0 and 1. The closer to 1 the lower will be the 

climatic risk of non-water supply.  

The 3B43-v7 product underestimated the ETR in 

15% of the comparisons. Among the 85% that 

overestimated, 14% are in the class of 10 and 20% and 4% 

in the class of 20 and 40%. Therefore, 84% presented an 

error within ± 10% of the OBS value.  

The regions that obtained the highest errors in the 

annual RTE, above 10%, were the Baixo Guandu (ER = 

40%) and Aimorés (ER = 35%) regions followed by 

Colatina, Santa Tereza, Conselheiro Pena, Laranja da 

Terra, Itaguaçu, Tarumirim and Tumiritinga. In this 

region, the satellite overestimated the P. Since the value of 

P minus the ETP was less than zero (P-ETP <0), the ETR 

was estimated by summing P plus Altitude (ALT), causing 

this difference. 

It is important to note that the negative values for P-

ETP represent a potential loss of water in the analyzed 

months, indicating, in these cases, dry months and soil 

with restricted water storage, while the positive ones 

indicate excessive rainfall (Pereira et al., 2002). 

According to Cecílio et al. (2012), there is a 

tendency to occur the highest values of ETR in the vicinity 

of the coast, with a consequent reduction towards the west 

of the state, which indicates marked influence of the 

longitude, the ocean and, mainly, the relief. The errors of 

ETR and DEF, EXC and ETR/ETP were higher in the 

region near the coast, in Lower Doce (ES) and part of theg 

Doce (MG).  

The DEF and EXC are very important variables, 

since the deficit can cause problems for agriculture and the 

EXC can increase the recharge in the aquifers and also 

generate problems in agriculture. According to the 

comparisons, the satellite data underestimated the DEF in 

85% of the comparisons. As the 3B43-v7 overestimated 

the P, it underestimated the DEF and overestimated the 

EXC. The highest percentage of DEF error is in the -29 to 

0% class and only 33% have errors above the 30% class. 

These classes are in the coastal region, in Jaguaré and 

Linhares, and also in Afonso Cláudio, Baixo Guandu and 

Laranja da Terra. 

Due to the importance of the ETR/ETP relation, in 

which the climatic risk of non-water supply of a region can 

be known, it was decided to space the monthly and annual 

relative errors (Figures 4a and 4b, respectively) to verify 

where and when they occurred the biggest mistakes. 

In the rainy months, there were minor relative 

errors, between November and March, between -10% and 

+ 10%, practically throughout the basin. However, from 

January onwards, the presence of errors between 10 and 

50% was observed. It was evident that in November and 

December the satellite data underestimated (up to 10%) 

across the basin and in January overestimated (up to 10%). 

In the months of February and March, it underestimated 

(up to 10%) in the region of Higher Doce and 

overestimated (up to 10%) in the Middle and Lower Doce. 

In the dry months, the largest relative errors 

occurred in most of the basin, as can be observed in Figure 

4a, with the highest percentage in July, when the satellite 

data overestimated over 100%. The region where the 

greatest errors occurred was between the Middle Doce and 

the Lower Doce. In this region, there were also larger 

errors in relation to P of 3B43-v7 and OBS, showing the 

influence of the overestimation of the P satellite data that 

may be related to the entry of cold air masses, affecting the 

region and influencing the estimation of precipitation due 

to rain shadow. 
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FIGURE 4. Spatial distribution of relative errors (RE) of water availability (ETR/ ETP) performed with the two sources of 

rainfall data, satellite (3B43-v7) and rain gauge (OBS). A. Monthly ER; B. ER annual. Red circles: Baixo Guandu, Jaguaré and 

Desterro de Melo. 

 

Figure 5 shows graphical examples of the comparison of estimated CLIMWB for the WBDR, showing the difference 

between the two data sources.  
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FIGURE 5. Comparison of climatic water balance extract with rainfall data (P) estimated by TRMM - 3B43-v7 (a1, b1, c1) 

and CLIMWB with the P data from rain gauge (DEF and EXC) and data ETP and ETR (a2, b2, c2).  

 
Three locations were chosen: Baixo Guandu - ES 

with an Alt. of 160 m (pixel 54.3 and OBS 1941009); 

Jaguaré - ES, East of the basin with Alt. of 47 m (pixel 103 

and OBS 1840008) - coastal and; Desterro do Melo - MG, 

south of the basin, with an Alt. of 780 m (pixel 02 and 

OBS 2143003). The location of these points can be seen in 

Figure 4b in highlights with red circles. 

Figure 5 shows the comparison of the simple 

extracts of the water balance, where there is the DEF 

and/or EXC during the year and the P data of the rain 

gauges and the data of P, ETP and ETR. In the graphical 

interpretation of the comparisons of the points located in 

the cities of Desterro do Melo - MG and Jaguaré - ES 

(Figure 5b and 5c), the 3B43 - v7 data presented 

homogeneity in relation to OBS, corroborating with the 

study of Quirino et al. (2015), who also observed 

homogeneity in their graphs. 

The city of Baixo Guandu (Figure 5a) presented a 

greater discrepancy in the results of CLIMWB among the 

105 analyzes. The 3B43-v7 underestimated the DEF, less 

for the months of November and December (Figure 5a). 

Although the satellite overestimated the P in all months, 

the ETR of November and December was equal. This is 

because P is greater than ETP in both months and therefore 

the ETR is equal to ETP. 

The comparison of the annual water balance the 

components shows that the different P data sources can 

change the value of the water balance components, but 

usually they meet the needs of the practical application, 

taking into account that in winter there is less ETR and 

less need of water resources. 
Getirana et al. (2011) used the TRMM as input to 

the hydrological model for large basins of the Instituto de 
Pesquisas Hidráulicas (MGB-IPH) for the Negro River 
basin and observed that it can reproduce the hydrological 
cycle reasonably well, even though it underestimated the 

precipitation. Li et al. (2012) evaluated the TRMM P as 
input to the hydrological model distributed to a basin in 
China (Xinjiang). They have noted that its use is feasible 
for the simulation of discharges and it has the potential to 
be an appropriate data source for poor data basins or 
without gauges. Mahmud (2014) used the rainfall data 

from the TRMM satellite and evapotranspiration estimated 
by the Satellite-based Daily Evapotranspiration to 
calculate water availability in the Malaysian Peninsula. 

a2 a1 

b2 

c2 

b1 

c1 
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The results of the CLIMWB pixel-by-pixel for the 

WBDR using the 3B43-v7 data are represented in Figure 6 

(a, b, c, d, e, f), with ETP, ETR, DEF, EXC, ETR/ETP 

relation known as water availability and precipitation, on 

an annual scale, respectively.  

Due to the fact that ETP (Figure 6a) is dependent 

on Ta, the regions that are located in Lower Doce, close to 

the Costal, and in the Middle Doce region have the highest 

values, between 1.300 and 1.500 mm. In the south and 

west region of the basin, in Higher Doce, the annual values 

that predominate remain around 1.000 to 1.200 mm.  

The ETR/ETP relation (Figure 6c) presented lower 

water availability in the central-north region of the basin, 

with values between 0.60 and 0.80 mm and DEF reaching 

450 mm (Figure 6d). This DEF is the result of low water 

availability and high evaporative demand. In the border 

region to the south and southeast and the border between 

the ES and MG states, the ETR/ETP relation is higher than 

0.90 mm, indicating that this region has a low risk of non-

water supply. In the southeast portion, where the Serra do 

Caparaó is, the values are above 0.95 mm. Pezzopane et al. 

(2006) found similar results in the Lower Doce region.  

The annual EXC (Figure 6e) for the WBDR is 

shown in Figure 6.e, where it is possible to observe the 

large difference in the area of the basin. The upper part of 

the basin, East (coastal) and North, presents 0-100 mm, 

indicating little volume of water supplying the water table 

during the year. Castro et al. (2010) also observed this in 

the area of Lower Doce - in the state of Espírito Santo. In 

the lower part of the basin, South-Southwest, high 

excesses were obtained reaching 800-900 mm. This is due 

to the higher water availability and lower evaporative 

demand. It is evident that in the upstream of the basin, 

there is a greater water excess in relation to the 

downstream.  

 

 

FIGURE 6. Resulting maps of water balance climatological pixel-by-pixel using rainfall data estimated by the TRMM satellite 

(3B43-v7) for the water basin of the Doce River. a. Evapotranspiration potential (ETP) annual accumulated; b. real 

evapotranspiration (ETR) annual accumulated; c. annual water availability (ETR / ETP); d. annual water deficit (DEF); e. 

annual water surplus (EXC); f. precipitation annual (Prec). 
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c. d. 

e. f. 
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The rainfall regime has two well-defined periods: 

rainy, from October to April, and dry, from May to 

September. The annual precipitation (Figure 6.f) is 

characterized by a west-east direction in the rainy season, a 

meaningful flow of the mountainous regions of Espinhaço 

and Mantiqueira to the coastal, being influenced by the air 

mass of Equatorial Continental. In the dry period it is 

inverted, being the P greater from east to the west, being 

influenced by the air mass that comes from the south, 

Tropical Atlantic and Polar Atlantic air mass. 

Figure 7 shows the monthly water availability 

(ETR/ETP). The months from November to March 

presented the lowest climatic risks of non-water supply, 

with values above 0.9 mm. In April, it began to present 

greater risks in the Northeast region. As the months go by, 

the area with the greatest risks increases, reaching 

practically the entire basin in the months of July and 

August. In the dry season, the coastal and southeastern 

region has a lower climatic risk of non-water supply in 

relation to the rest of the basin. 

 

 
FIGURE 7. Monthly water availability in the basin of Doce River, using rainfall data estimated by the TRMM satellite (3B43-v7). 

 

The use of precipitation data estimated by the 

TRMM 3B43-v7 satellite can be taken as an important tool 

in the characterization of regional water availability, thus 

contributing to agricultural planning and management, 

mainly because it fills the gaps left due to the absence of 

rain gauges in this basin area. 

 

CONCLUSIONS 

According to the results obtained, we can conclude 

that: 

The Climatological water balance with the TRMM 

3B43-v7 showed a significant correlation, with a value 

above 0.82.  

The highest percentage errors were found in some 

stations in the Southeast and Northeast of the basin (in the 

Lower Doce and Middle Doce). 

The 3B43-v7 product data characterized the 

climatological water balance in a similar way to the data 

observed by the gauges.  

The TRMM 3B43-v7 precipitation data showed 

good performance, responded to the seasonality of the 

region climate and overestimated the monthly precipitation 

in this water basin. 

The precipitation estimated by 3B43-v7 provided 

the realization of the climatic water balance of the Doce 

river basin with good coverage.  
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