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A B S T R A C T 

Quantifying and monitoring evapotranspiration in large natural forests is vital for monitoring the climate, water 

resources and biodiversity of the ecosystem, especially in an area with high climatic variability, water and biodiversity, 

such as Northeast Brazil. The objective of this study is to evaluate evapotranspiration in areas of the Atlantic Forest 

using remote sensing data and to determine how evapotranspiration can affect rainfall changes on a local scale. We used 

the Surface Energy Balance Algorithm for Land (SEBAL) and Thornthwaite models to estimate evapotranspiration. The 

input models used Landsat images and observations from agro-meteorological stations. An estimate of the actual 

evapotranspiration by the Thornthwaite method was over a 10-day period, and SEBAL was used over 24 hours. The 

daily actual evapotranspiration was between 5 and 6 mm/day. We computed the cross correlation coefficient and 

standard error with lag seven (10-day) for maximum evapotranspiration with SEBAL (Evap_SEBAL_max) and rainfall 

decennial (R10). The evapotranspiration had a positive correlation with rainfall. The correlation is significant for the 

last ten days (lag -1), with r=0.389. While this value does not indicate a strong statistical correlation by itself, physically 

it designates a positive influence of the local evapotranspiration on local precipitation, given all the other environmental 

aspects that influence precipitation. The results suggest that local evapotranspiration can be influencing the local 

rainfall. Thus, knowing the amount of water being used by the forest and released to the atmosphere is important. These 

results can be used for improve climate prediction and climate change models at the local scale. 

Keywords: SEBAL, energy balance, climatic variability, ecosystem. 

Introduction 

The evapotranspiration from vegetated 

surfaces transfers large amounts of water and 

energy (in the form of latent heat) to the 

atmosphere through the evaporation of water 

in soil and transpiration, in plants. Given the 

great concern over global water scarcity, it is 

increasingly necessary to quantify and 

monitor water availability at various spatial 

and temporal scales via soil-plant-atmosphere 

interactions. Quantifying and monitoring 

evapotranspiration in large natural forests is 

vital for monitoring the climate, water 

resources and biodiversity of the ecosystem, 

especially in an area with high climatic 

variability, abundant water and biodiversity, 

such as Northeast Brazil. 

“More than half of the solar energy 

absorbed by land surfaces is currently used to 

evaporate water. Climate change is expected 

to intensify the hydrological cycle and to alter 

evapotranspiration, with implications for 

ecosystem services and feedback to regional 

and global climate. Evapotranspiration 

changes may already be underway, but direct 

observational constraints are lacking at the 

global scale. Until such evidence is available, 

changes in the water cycle on land—a key 

diagnostic criterion of the effects of climate 

change and variability—remain uncertain” 

(Jung et al. 2010). 

Jung et al. (2010) showed that global 

annual evapotranspiration increased on 

average by 7.161.0 millimeters per year per 
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decade from 1982 to 1997. “After that, 

coincident with the last major El Nino event 

in 1998, the global evapotranspiration 

increase seems to have ceased until 2008. 

This change was driven primarily by moisture 

limitation in the Southern Hemisphere, 

particularly Africa and Australia. In these 

regions, microwave satellite observations 

indicate that soil moisture decreased from 

1998 to 2008. Hence, increasing soil-moisture 

limitations on evapotranspiration largely 

explain the recent decline of the global land-

evapotranspiration trend. Whether the 

changing behavior of evapotranspiration is 

representative of natural climate variability or 

reflects a more permanent reorganization of 

the land water cycle is a key question for 

earth system science”. 

The amount of water used by 

vegetation can be reliably estimated by 

analyzing evapotranspiration data. Studying 

the temporal and spatial variations of 

evapotranspiration in large forests can 

improve climate and hydrological forecasts 

and assist in the mitigation of natural disasters 

that are caused by severe drought or flooding. 

The existing information of 

evapotranspiration in Brazilian forests rely on 

eddy covariance data systems that record 

continuous latent heat fluxes observed at 

meteorology stations. These observations are 

scarce and limited to singular locations; 

therefore, the data do not represent the spatial 

variations found in large forests. Remote 

sensing techniques can compensate for such 

limitations. Currently, remote sensing has 

provided accurate estimations of 

evapotranspiration at various temporal and 

spatial scales using data from the thermal 

electromagnetic band (Silva et al. 2012A; 

Silva et al. and 2012B, Oliveira et al. 2011). 

Evapotranspiration can be used to 

infer soil moisture, assess climate systems, 

assess drought and flood and even serve in 

several military applications. At broad spatial 

scales, the patterns of evapotranspiration are 

essential as input to mesoscale and general 

circulation models because they affect the 

water cycle and energy balance of the earth-

atmosphere-ocean system (Anderson et al. 

2012). 

Climate change has emerged as 

another issue of great concern worldwide. The 

IPCC (2007) has forecasted diminishing water 

resources, particularly in arid and semiarid 

regions of the world. The estimation of 

evapotranspiration helps monitor water 

resources. Furthermore, evapotranspiration 

has a strong relationship with the amount of 

carbon that is sequestered by forests (Moura 

et al. 2012 and Galvíncio et al. 2012) and the 

amount of moisture in the atmosphere, which 

causes changes in rainfall. 

“Increases in greenhouse gases 

increase the radiative forcing and thus not 

only increase surface temperatures but also 

enhance the hydrological cycle as much of the 

heating at the surface goes into evaporating 

surface moisture” Thenbert (1998). Global 

temperature increases signify that the water 

holding capacity of the atmosphere increases 

and, together with enhanced evaporation, the 

actual atmospheric moisture increases, as is 

observed to be happening in many places 

(Hense et al. 1988; Gaffen et al. 1991.1992; 

Gutzler, 1992, Ross and Elliot, 1996). Of 

course, enhanced evaporation depends upon 

the availability of sufficient surface moisture 

and over land; this depends on the existing 

climate. This factor is one further 

complication in terms of the expected 

response and a likely to be model dependent. 

However, it follows that naturally-occurring 

droughts are likely to be exacerbated by 

enhanced potential evapotranspiration, both in 

nature and models Gregory et al. (1997). 

Thenbert (1998) raises several questions, such 

as, “what are the processes by which rainfall 

is changed?  Globally there must be a balance 

between evaporation and rainfall, but what is 

the relationship locally?” 

According to Jung et al. (2010), the 

land evapotranspiration (ET) is a central 

process in the climate system and a nexus of 

the water, energy and carbon cycles. Global 

land ET returns about 60% of annual land 

rainfall to the atmosphere. Terrestrial ET can 

affect rainfall, and the associated latent heat 

flux helps to control surface temperatures, 

with important implications for regional 

climate characteristics such as the intensity 

and duration of heat waves. 
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Thenbert (1998) analyzed the 

implications for rainfall rates and climate 

change due to atmospheric moisture residence 

times and cycling. The main questions of this 

study were: “what is the relationship among 

changes in evaporation, changes in moisture 

content of the atmosphere, and changes in 

rainfall? What are the factors that should be 

taken into account to explain the changes?” 

The IPCC 1995 report (IPCC, 1996) states 

that several models indicate an increase in 

rainfall intensity, suggesting a possibility for 

more extreme rainfall events. It is further 

argued that one reason why we should expect 

spotty increases in rainfall is because of 

mismatches in the rates of the rainfall versus 

evaporation. 

Previous studies conducted worldwide 

were performed on large scales (or global 

scales); studies on small scales or local scales 

do not exist, especially in Brazil.  Of course, 

evapotranspiration depends on the availability 

of water and the climate on the local scale. 

However, many areas are dry due to high 

evaporation and scarce water availability 

(lack of rainfall) over the years, for example, 

the semiarid area of NE Brazil.  

Even with all of these global 

problems, Brazil has advanced strategies for 

monitoring and conserving natural resources, 

especially water resources. Additionally, the 

United States has a strategic plan that 

monitors and protects water resources and 

uses satellite imagery to monitor 

evapotranspiration, as in (Anderson et al. 

2012). 

In Brazil, several studies have been 

conducted that use remote sensing to estimate 

evapotranspiration in irrigated agricultural 

areas (Gusmão et al. 2012; Bezerra et al. 

2012, Santos et al. 2010; Santos el at. 2009; 

Teixeira et al. 2008A) and in natural forest 

areas (Machado et al. 2012; Machado et al. 

2010 and Teixeira et al. 2008B). These 

authors have obtained excellent estimates 

when compared to data observed at 

micrometeorological stations. 

It is possible to estimate 

evapotranspiration with high accuracy using 

satellite images; furthermore, 

evapotranspiration is related to local rainfall. 

The increase in moisture content in the 

atmosphere promotes heavy rain events and 

flood risk, as observed in various areas of the 

world (Karl et al. 1996). Some models used 

by the IPCC (2007) suggest decreased rainfall 

in northeastern Brazil; however, the models 

are still uncertain. Therefore, 

evapotranspiration at the local level may be 

useful for climate models of regional 

circulation. These uncertainties in rainfall 

scenarios stem from the partial quantification 

of moisture in the atmosphere and the amount 

of moisture at specific locations that directly 

affects the rates of rainfall on the local scale. 

Trenberth and Guilemont (1996) show 

that the temporal variability of evaporation is 

much less than that of rainfall and, so the 

latter dominates both the spatial and temporal 

variability of the fresh water flux evaporation- 

rainfall.  

In climate studies, we seek to 

synthesize knowledge of complex 

environmental interactions through models 

that can quantify, qualify and manage water 

resources available for precipitation. The 

importance of forecasts and climate 

simulations increases when these predictions 

are often used to save lives, especially in 

humid and semi-arid regions of the world 

exposed to floods and high rates of 

evaporation or affected by severe drought, 

with low space-time rainfall rates, high 

evaporation and uneven distribution of these 

factors. In these regions the water is a key 

element in the socio -economic framework of 

the region, creating the need for 

rationalization of its use. Therefore, 

monitoring and predicting climate becomes 

fundamentally important in such areas, for 

establishing guidelines to follow to provide 

better fit and decision making when climatic 

extremes occur. 

Using a model synthesizes past, 

present and future conditions, however, there 

are differences between the events observed 

and their model estimation. These differences 

represent the uncertainties of the models, and 

a way to minimize them is to select the model 
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based on physical criteria of the system. 

These criteria can be represented by 

mathematical, statistical, or stochastic-

mathematical expressions. For example, one 

method used for such purposes is cross 

correlations analysis. 

In an attempt to find relations between 

different spatial and temporal climatic 

variables, many scientists around the world 

have used statistical analysis of the different 

climatic and environmental conditions, 

(Runge et al. 2014; Long et al. 2014; 

Galvincio et al. 2013; Galvincio et al. 2013A; 

Vassolera and Zebende 2012; Sang et al. 

2012; Zhang et al. 2011; Galvincio et al. 

2010; Silva and Galvincio, 2009; Pinto et al. 

2006; Hidalgo 2005; Galvincio and Sousa, 

2002; Galvincio et al. 2002; Sukharev et al. 

2001; Sousa and Galvincio 2000; 

Padmanabhan and Rao 1990 and Katz, 1988). 

Finding connections or correlations among 

data is one of the central themes of many 

scientific studies. A good example is climate 

research and forecasting, which has far 

ranging applications to agriculture, fisheries, 

ecosystems, water resources, energy 

infrastructure, and disaster planning. Given 

the many complex interactions among the 

Earth’s oceans, atmosphere, land, ice and 

biogeochemistry, and the sheer size of 

observational and climate model data sets, it 

is often difficult to identify which processes 

matter most for a particular climate 

phenomenon. A useful approach has been to 

examine correlations among different 

variables to identify relationships, (Sukharev 

at al. 2001). 

Time series analysis deals with the 

estimation of the characteristic properties and 

times of stochastic processes. This can be 

achieved either in the time domain by 

studying the autocovariance function, or in 

the frequency domain by studying the 

spectrum.  

According to Runge et al. (2014), 

lagged correlation analysis is a simple and 

very common method in many fields of 

science, popularized in climate research 

already by the seminal works of Walker 

(1923, 1924). This method is the first step to 

gain insights into the possible interaction 

mechanisms between different processes. 

Specifically, the cross-correlation lag 

function is used to assess the time delay and 

to quantify the strength of the link mediated 

by a certain mechanism. To name just a few 

examples, Lanzante (1996) computed lag 

correlations of sea surface temperatures 

between different tropical regions to assess 

their mutual interaction. Klein et al. (1999) 

studied the mechanism by which the El Nino–

Southern Oscillation (ENSO) influences the 

Atlantic and Indian Oceans and southern 

China. 

The Atlantic Forest, one of the most 

important forests of Brazil, is the major 

tropical forest of South America. The forest 

contained major wealth that was exploited by 

the colonizers.  The original forests are nearly 

completely gone and continue to experience 

devastation and fragmentation. The forest is 

threatened to become extinguished. 

The original area of the Atlantic Forest 

in Brazil was 1,315.460 km2, whereas today 

the forest only totals 8.5% of the original 

(SOS Mata Atlantic, 1998). CEPF (2001) 

indicates that the deforestation indices are 

major in Northeast Brazil. Despite the 

massive deforestation and fragmentation of 

the Atlantic Forest, the forest is extremely 

rich in biodiversity. It harbors a high 

proportion of Brazilian species and has high 

levels of endemism. Even with the high rate 

of deforestation in the Atlantic Forest, it still 

represents 16% of the total area of the 

Amazon Rainforest. 

The Atlantic Forest contributes to the 

water balance and climate via 8 mm/day/m
2
 

of evapotranspiration. This is equivalent to 8 

liters/day/m
2
. The total area of the Atlantic 

Forest is 111,000 km
2
. This is equivalent to 

324,000,000,000 liters/day of 

evapotranspiration. Much of the energy is 

used to transform liquid water into vapor 

form. Furthermore, the forest is important to 

the energy balance. 

 

Forests are of great importance for the 

maintenance of the current climate. Restoring 

forests can mitigate or even reverse 

atmosphere climatic changes, such as global 

warming. Continued deforestation will affect 

rainfall. To understand the importance of 

forests in the climate system, especially to 
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rainfall and temperature, scientists must study 

phenomena at local scales, with local 

specificity, rather than extrapolating 

phenomenon occurring at distant and large 

extents. The variations of hydrological cycles 

on a local scale must be understood, 

especially evapotranspiration.  

The purpose of this study is to 

evaluate the evapotranspiration estimate in 

areas of the Atlantic Forest using remote 

sensing data and infer how the 

evapotranspiration affects rainfall changes on 

a local scale, using cross correlation. 

 

Materials and Methods 

Study area 

 Fig. 1 displays the location of the 

study area. The area belongs to the Brazilian 

Atlantic Coastal Forest in northeastern Brazil, 

which is in Pernambuco state. The area is 

covered with dense and humid forests and has 

little variation in temperature. The area does 

not have a dry season. The wettest months are 

July and August, whereas less rainfall occurs 

in October and November (Fig. 2). The 

coldest month is August, and the warmest 

month is February. The Atlantic Forest is an 

ecosystem that is greatly important to Brazil; 

however, much of the area has been 

deforested and replaced by sugar cane 

plantations.  

 

 

Figure 1 – Location of the Atlantic Forest in the study. 

 The Google maps adapted. The imagery at the 

top right is Landsat 5 of Mar/29/2004.
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Figure 2 – Climatology of the study area. 

Data 

In this study, we used Landsat images 

that correspond to nine dates: Feb/15/2006, 

Mar/29/2004, Apr/01/2005, Jun/02/2010, 

Aug/18/2003, Aug/26//2006, Sept/08/2005, 

Sept/26/2000 and Oct/08/2010. These images 

were obtained from the INPE-National 

Institute for Space Research and initially 

downloaded as georeferenced images through 

the GLOVIS portal of the United States 

Geological Survey (USGS). The spatial 

resolution of Landsat 5 is 30 meters in the 

visible and near infrared and 120 meters in 

the thermal range. The satellite revisit time is 

16 days. The area of this study is covered by 

the path and row of 214/65. We selected 

images that were cloud-free over the study 

area.  

We also used data (wind speed and 

direction, air and soil temperature, pressure, 

solar radiation, humidity and rainfall) from 

the weather station at Carpina, Pernambuco 

state, located at longitude -35.24° and latitude 

-7.85°. 

Methods 

This study used the SEBAL 

methodology (Energy Balance Algorithm for 

Land) to estimate the daily evapotranspiration 

and Thornthwaite (1955) to estimate 

evapotranspiration over ten days. Figure 3 

was adapted from the article of Sander et al. 

(2010) to indicate the schematic 

representation of SEBAL. Detailed 

procedures of the SEBAL algorithm can be 

found in (Machado et al. 2012; Bezerra et al. 

2008; Teixeira et al. 2008; Zwart and 

Bastiaanssen 2007; Bastiaanssen et al. 2005; 

Bastiaanssen and Ali 2003; and Bastiaanssen 

et al. 1998). 
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Figure 3 - Visual representation of the SEBAL inputs that are required to calculate biomass 

production and actual evapotranspiration from Landsat images, including the performance 

indicators. Adapted from Sander et al. (2010). 

 

All of the images were processed in 

ERDAS Imagine 9.3, which is licensed by the 

Department of Geographical Sciences of 

Federal University Pernambuco state. 

 

Criteria for methods evaluation 

The SEBAL method has been 

evaluated and validated in several studies, 

such as Silva et al. (2012), Gusmão et al. 

(2012), Machado et al. (2012), Santos et al. 

(2011), Mendonca et al. (2009), Bezerra et al., 

(2008), Teixeira et al. (2008A), Teixeira et al. 

(2008B), Meireles et al. (2007), Zwart and 

Bastiaanssen (2007), Bastiaanssen et al. 

(2005), and Bastiaanssen and Ali (2003). 

Bastiaanssen et al. (1998) provided accurate 

estimates. To verify the accuracy of the 

estimates in this study, we consider the 

previously published estimates in SEBAL 

evaluation studies as the reference data. 

To evaluate the role of surface 

evapotranspiration in influencing rainfall, we 

investigated the cross correlation coefficients 

for seven lag times. 

The data were analyzed using Cross 

Correlation Coefficients. 

 

Cross Correlation Functions (CCF) and 

Lagged Regressions (R) 

When analyzing the relationship 

between two time series (yt and xt), the series 

yt may be related to past lags of the x-series.  

The sample cross correlation function (CCF) 

is helpful for identifying lags of the x-variable 

that might be useful predictors of yt. 

In R, the sample CCF is defined as the 

set of sample correlations between xt+h and yt 

for h = 0, ±1, ±2, ±3, and so on.  A negative 

value for h is a correlation between the x-

variable at a time before t and the y-variable 

at time t.   For instance, consider h = −2.  The 

CCF value would give the correlation 

between xt-2 and yt. 

Lagged regression models 

Consider a lagged regression model of the 

form 
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Where Xt is an observed input time series, yt 

is the observed output time series, and Vt is a 

stationary noise process. 

This model is useful for identifying the (best 

linear) relationship between two time series 

and forecasting one time series from the 

other.  

Cross-Correlation Function - CCF 

 The cross-correlation function of 

jointly stationary Xt and Yt ( Storch and 

Zwiers, 1999) is  

 

Where  but . In 

this study we used Standard Error (Std. Error) 

to investigate cross-correlation.  

 

Results and discussion 

Fig. 4 depicts the actual 

evapotranspiration average and maximum 

estimates with SEBAL. Note that the Landsat 

image for February 15, 2006 generated the 

largest values of the actual evapotranspiration, 

followed by April. This is expected because 

the summer in Brazil is December to April. 

The solar radiation is very high and causes 

high evapotranspiration. 

 

 

Figure 4 – Actual evapotranspiration over 12 days and 9 months during 2000 to 2011. Contour red 

is summer and contour black is winter. 

 

Data Analyssis when N=9 

We analyzed the relationship between 

actual evapotranspiration using SEBAL and 

rainfall over ten days, at a local scale. We 

computed the cross correlation coefficient and 

standard error with a lag of seven days for the 

maximum evapotranspiration using SEBAL 

(Evap_SEBAL_max) and rainfall decennial 

(R10) (Table 1). Prior to rainfall, the 

evapotranspiration had a positive correlation 

with rainfall, lag 0. For lags 1 and 2 the cross 

correlation was negative. For lags -1, -2, -3, -

4, -5, -6 and -7 the cross correlations were 

positive. This means that evapotranspiration 
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had a positive influence on rainfall. That is, 

the increased evapotranspiration produced 

rainfall increases. While this value does not 

indicate a strong statistical correlation by 

itself, physically it designates a positive 

influence of the local evapotranspiration on 

local precipitation, given all the other 

environmental aspects that influence 

precipitation. It is noteworthy that the interest 

in this correlation value in our study is from a 

physical interpretation and not statistical. This 

value is considered significant for climate 

data, since the climate data are very 

heterogeneous, with high spatial and temporal 

variation. The evapotranspiration is not the 

only variable influencing the rainfall; other 

environmental variables too determine the 

amount of rainfall. Galvincio and Sousa 

(2002) analyzed the relation between rainfall 

and El Nino events in Sao Francisco basin 

and obtained similar correlation values to this 

study. In Galvincio and Sousa (2002) 85% of 

values have no statistical significance, but the 

interest in correlation values of was physical 

and not statistical. 

 

igure 5 shows CCF of lags. Note that 

results are similar with the no resample data. 

For lag -1, N=9, r=0.38 and for N=50, r=0.31. 

This study shows a positive relation 

between evapotranspiration and rainfall. With 

climate change, we could probably expect an 

increase in evapotranspiration, which can lead 

to an increase in local rainfall.  Jung et al 

(2010) show that evapotranspiration in the 

area of this study will increase. “It is hard to 

evaluate whether this is part of the natural 

climate oscillation, or a climate-change signal 

in which land evapotranspiration becomes 

more and more supply limited in the long 

term. The latter would imply that there is a 

limit to energy- and temperature-driven 

acceleration of the terrestrial hydrological 

cycle and that it may have been reached. The 

consequences would be a decreasing 

terrestrial productivity and a reduced 

terrestrial carbon sink, preferential 

partitioning of energy fluxes at the land 

surface into sensible, rather than latent, heat 

flux and thus accelerated a land-surface 

warming, and intensified regional land–

atmosphere feedback” (Jung et al 2010). 

  

Table 1- Cross correlation results. Series pair: Evap_SEBAL_max with R(10) 

Lag Cross Correlation Std. Error
a
 

-7 .092 .707 

-6 .085 .577 

-5 .010 .500 

-4 .277 .447 

-3 .332 .408 

-2 .293 .378 

-1 .389 .354 

0 .226 .333 

1 -.196 .354 

2 -.010 .378 

3 .346 .408 
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4 .157 .447 

5 .165 .500 

6 -.142 .577 

7 -.432 .707 

a. Based on the assumption that the series are not cross correlated and that one 

of the series is white noise. 

  

 

Figure 5 – Cross correlation with series pair: Evap_SEBAL_max with R(10), data resamples, N=50.

 The above analyses show a moderate 

correlation relationship between precipitation 

rates and evapotranspiration.  

 If local evapotranspiration have 

influence about local rainfall is possible that 

the local rainfall frequency and intensity be 

impacted. This situation can be worrying 

because Trenberth (1998) declared that is 

important to consider the frequency of 

precipitation events. According to Trenberth 

(1998) if rain rates increase faster than rain 

amounts, then the frequency of rain 

occurrence could decrease. Similar results had 

been published for studies near the city of 

Recife. Souza and Azevedo (2012) analyzed 

the climate change effects derived from 

rainfall and maximum and minimum 

temperatures in Recife, using the RClimdex 

software. They used daily data of rainfall and 

temperatures (maximum and minimum) in the 

period 1961 to 2008 in Recife, assigned by 

INMET. The results derived from the 

precipitation did not show significant trends 

of reduction. On the other hand, they noted an 

increased frequency of extreme rainfall events 

from 1980, with daily rainfall exceeding 100 

mm. Compared to the temperatures 

characteristics for this area, all temperature 

observations indicate positive trends, 

indicating an increase of the maximum and 

minimum temperatures around 1 °C 
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throughout the 47 years analyzed, with 

increased frequency of hot days and nights, as 

noted by the increase in heat waves in the 

region. Recife city is situated in the area of 

the Atlantic forest. 

In a study by Haylock et al. (2005) on 

trends in total and extreme rain to South 

America, it was observed that there were large 

regions with spatial coherence in the signals 

of the trends as well as overall agreement 

between the indices. All proposed climatic 

indices, related to rainfall, except CDD 

(Consecutive Dry Days), showed a tendency 

to increase with moisture conditions. The total 

annual precipitation (PRCPTOT) showed 

general features that are also present in other 

indices, such as increased of moisture in the 

southernmost part of Brazil and Paraguay, 

northeastern Argentina and Ecuador and 

northwestern Peru, increased tendency to 

drought in the southernmost part of Chile and 

Peru and southwestern Argentina. The rain 

gauges in the north and northeast of Brazil 

showed no sign of a consistent trend. 

Previously, Hastenrath and Greischar (1993) 

and Marengo et al. (1998) found positive 

trends in precipitation in northeastern Brazil. 

In the Northeast region, some researchers, 

such as Souza and Azevedo (2009), Santos 

and Brito (2009 and 2007), Silva and 

Azevedo (2008), have used the RClimdex to 

monitor trends climatic in some states of the 

region.  

The scientific community has given 

great emphasis to climate change as a result of 

global warming, particularly since the 

publication of the 4th Report of the IPCC 

(IPCC, 2007). This report mentions that in 

Brazil the natural disasters of atmospheric 

origin are likely to continue increasing, 

especially storms and intense rainfall events 

over the south and southeast regions of Brazil 

and the worsening drought in the northeast 

and advancement on the northern and central 

regions. 

In this study, we showed that the 

evapotranspiration has positive influence on 

rainfall, at local scale. It’s important to study 

the spatial and temporal variable of 

evapotranspiration because the spatial 

variability of evapotranspiration can be 

influencing the local rainfall. However, 

knowledge of spatial variability of 

evapotranspiration and rainfall yet is 

precarious in Brazil. The spatial distribution 

of climate stations is not sufficient to 

determine the spatial characterization of 

rainfall and evapotranspiration at local scale, 

in Brazil. The precariousness of climate data 

with spatial distribution at local scale was in 

part resolved with remote sensing data. Other 

studies have showed that estimating the 

evapotranspiration with remote sensing 

methods is possible, with good results 

(Machado et al. 2012; Silva et al. 2012A; 

Silva et al. and 2012B, Gusmão et al. 2012; 

Bezerra et al. 2012, Oliveira et al. 2011, 

Santos et al. 2010; Machado et al. 2010, 

Santos el at. 2009; Teixeira et al. 2008A and 

Teixeira et al. 2008B).  

In Figure 6, we show the spatial and 

temporal variation of evapotranspiration 

estimated with remote sensing in the study 

area. The actual evapotranspiration appears 

more homogeneous between 2006 and 2011 

than during 2000. As shown previously, the 

evapotranspiration increases from December 

to April in Brazil (i.e., summer). The solar 

radiation is very high and causes high 

evapotranspiration. In this study, the months 

of April (Figures 6 C and D) and September-

October (Figures 6 G and H), have high 

evapotranspiration. In general, the 

evapotranspiration in Atlantic forest was 5 to 

7 mm/day. In built areas (coastline) the 

evapotranspiration was less than 1mm/day 

(red area), although these areas used to belong 

to Atlantic Forest areas prior to urbanization.  

This situation contributes to the change in 

local climate, temperature increase and 

possibly alterations in rainfall spatial 

distribution (intensity and frequency) at local 

scale. 

The increase in evapotranspiration 

during September-October may be due to the 

end of the wet period. The wet period occurs 

between May and August (Fig. 1). 

Precipitation also has a strong influence on 

the evapotranspiration. Therefore, it is 

recommended that this process is studied 

further. These results will improve climate 

prediction and climate change models at the 

local scale. 
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Figure 6–Daily actual evapotranspiration in A- 09-06-2000; B – 08-18-2003; C-03-29-2004; D-.04-

01-2005; E-09-08-2005; F- 02-15-2006; G – 08-26-2006; H-04-07-2007; I – 09-30-2007; J – 06-02-

2010; L – 10-06-2010 and M – 08-25-2011. 

It is important to mention that in this 

study area we do not have climate stations 

with vapor flux monitoring 

(evapotranspiration) and therefore, it is only 

possible to estimate evapotranspiration at 

local scale with remote sensing data. We 

recommend the implementation of similar 

studies in other areas with similar climate 

conditions to validation this statement, 

especially in areas with large forests in urban 

areas and cities with coastline.  

 

Conclusion 

Cross-correlation lag functions are 

commonly used to identify interaction 

mechanisms between climatological 

processes, in particular to assess possible time 

delays of a mechanism and as a measure to 

quantify the strength of the link mediated by 

the mechanism. In this article, we investigated 

how evapotranspiration interferes in local 

rainfall based on mean correlations that 

typically occur in time series analysis of 

evapotranspiration and rainfall for Atlantic 

forests. This mean correlation of a simple 

cross-correlation lag function’s maximum 

value and lag has potential to give a physical 

explanation of the effect of evapotranspiration 

in rainfall and come to the conclusion that 

cross-correlation can be used for such 

analyses. 

The cross correlation coefficient 

between maximum evapotranspiration and 

rainfall decennial had positive values for all 

negative lags, which indicates a  positive 

influence of evapotranspiration on rainfall. 

The correlation r =0.389 was the largest 

relation for the last ten days (lag -1). The 

correlation is near 0.3 to the last 40 days. 

Thus, local evapotranspiration may influence 

the local rainfall. 

The monitoring of instantaneous, 

hourly and daily evapotranspiration in forests 

is possible using Landsat imagery. Thus, 

understanding the amount of water used by 

the forest and released to the atmosphere 

makes it possible to improve climate models 

and infer rainfall changes at local scale. In 

this study, we observed that the estimation of 

evapotranspiration using satellite images can 

help in the forecasting of local rainfall. 
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