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Abstract Spatial distribution of climatic

. water balance in different
To know the weather from year to year is of great value to

a proper agricultural planning. The study was conducted rainfall Tegimes in the State of

in the State of Pernambuco, with data basis of temperature Pernambuco

and rainfall of at least 20 years of observations of 45

meteorological stations. The function of density probability Alexsandro Oliveira da Silva?
of the incomplete gamma distribution was used to evaluate Jodo Thomas Gabriel Queluz?

the occurrence of dry, normal and rainy years. The monthly
climatic water balance was estimated by the method
proposed by Thornthwaite and Mather (1955) and interpolation of data for the plot was made using the Kriging method.
The results indicated that the highest rainfall occurred in the Zone da Mata in the south of the State with around 2800 mm
year”. The water excess presented its highest levels in the Zona da Mata mesoregion with availability of nearly 1200 mm
year™ for the rainy years and water deficit was higher in the Sertao Mesoregion of Sertéo of San Francisco reaching 1000
mm year, being required full irrigation for the crops.

Antonio Evaldo Klar?

Key words: Water deficit, evapotranspiration, irrigation.

Distribuicdo espacial do balango hidrico climatologico em diferentes regimes de
chuva no Estado de Pernambuco

Resumo

Saber as condi¢des climaticas anuais é de grande valor para um planejamento agricola adequado. O estudo foi realizado
no Estado de Pernambuco, com bancos de dados de temperatura e de precipitacdo pluvial de séries historicas de no
minimo 20 anos de observacdes de 45 estacdes climatologicas. A funcdo de densidade de probabilidade da distribuicéo
gama incompleta foi utilizada para avaliar a ocorréncia de anos secos, normais e chuvosos. O balanco hidrico climatico
mensal foi estimado pelo método proposto por Thornthwaite & Mather (1955) e a interpolacao dos dados para a plotagem
foi feita utilizando o Método de Krigagem. Os resultados indicaram que as maiores precipitacdes ocorreram na Zona
da Mata, Sul do Estado com cerca de 2800 mm ano™. O Excedente hidrico apresentado atingiu seus maiores indices na
Messoregido da Zona da Mata com disponibilidade de aproximadamente 1200 mm ano™ para anos chuvosos, e o deficit
hidrico apresentou-se maior nas Mesorregides do Sertdao do Sdo Francisco e Sertdo alcancando os 1000 mm ano™, sendo
exigido irrigacdo plena para cultivo.

Palavra-chave: Deficit hidrico, evapotranspiracao, irrigagao.

Distribucion espacial del balance hidrico climatico en diferentes regimenes de
lluvias en el Estado de Pernambuco

Resumen

Conocer las condiciones climéticas anuales es de gran valor para una adecuada planificacién agricola. El estudio fue
conducido en el Estado de Pernambuco, con bases de datos de series temporales de precipitacion y temperatura de al
menos 20 afos de observaciones de 45 estaciones meteorolégicas. Se utilizé la funcién de densidad de probabilidad de la
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distribucién gamma incompleta para evaluar la ocurrencia de afios secos, normales y himedos. El balance hidrico mensual

ha sido estimado mediante el método propuesto por Thornthwaite y Mather (1955) y se obtuve la interpolacién de los

datos para plotage por el método de Krigage. Los resultados indicaron que las mayores precipitaciones se produjeron en la
Zona da Mata, Sul del Estado con cerca de 2.800 mm afio™. El excedente hidrico presentado llegé a sus niveles mas altos en
la Mesorregion de la Zona da Mata, con disponibilidad de aproximadamente 1.200 mm afio™ para los afios lluviosos, y el
déficit hidrico fue mayor en las Mesorregion del Sertdo de Sao Francisco y Sertao, alcanzando 1.000 mm afio?, requiriendo

riego completo para desarrollar la agricultura.

Palabras clave: Déficit hidrico, evapotranspiracion, riego.

Introduction

The agrometeorological information assume
an important role in the planning of an irrigated
crop, being the climatologic water balance the
main information to be considered (PEREIRA et al.,
2002). In this context, the knowledge of the annual
weather conditions and the rainfall forecast for the
year is of huge value for an adequate agricultural
planning. The annual climatic risks and the lack
of meteorological data in certain regions make the
agricultural producers to demand a greater quantity
of water for the crop than is really necessary,
leading to extra expenses burdening even more the
production and putting into risk all the productive
potential of the crop, due to the weather interference
in its physiological cycle. Thus, indentifying the
periods with excess in water deficit and its respective
intensities, it is defined the type of crop system to be
used, rainfed or irrigated, and the period in which
each of them should be conducted (MONTEIRO,
2009).

Due this, the knowledge of spatial variability
of the climatologic elements as the water deficit of the
soil, water excess, potential evapotranspiration (PET),
real evapotranspiration (RET) and water availability
(RET/ PET) become indispensable in planning and
implantation of an agricultural activity (PEREIRA
etal., 2002; SENTELHAS et al., 2008; CASTRO et al.,
2010), and thereby, benefit producers in regions that
do not have posses stations of climate observations
for the irrigation management in their areas. There
are several studies about the methods of spatial
interpolation of climatic data, however the same do
not consider in their studies the different pluvial
regimes which happen in a series of years, having
only an average representative of the rainfall without
considering the weather phenomena which alter the
rain regimes and temperature of the regions, such
as the el nifio, which interferes significantly in the
rainfall regimes of the Brazilian Northeast as Stated
MOURA et al. (2009).

The water balance is an accounting system
of monitoring ground water, and results from the
application of the principle of conservation of mass
to the water in a volume of vegetated soil, it can
be an excellent tool to study the viability of the
implementation and monitoring of irrigation systems
or drainage in a region (PEREIRA et al., 1997). Due to
the variability of rainfall in the regions and capacity
of storage of the soil can differ significantly from
a year to another, making that the management of
irrigated areas fit to the changes to a greater efficiency
of water use, mainly for the semi-arid, as is the case
of the west region of the Pernambuco State, in which
the variability of rains is elevated.

The objective of this study is to evaluate the
climatic water balance in different rainfall regimes
and the spatial distribution of the same to the
State of Pernambuco for the appropriate irrigation
management.

Material and Methods

The study was conducted in the State of
Pernambuco, situated between the parallels 7°18'17"
and 9°28’43" of south latitude and the meridians of
34°48"15” and 41°21°22” of longitude at west, in the
Brazilian Northeast. Pernambuco is subdivided into
five mesoregions: Sertdo of Sdo Francisco, Sertdo,
Agreste, Zona da Mata and Metropolitan Recife as
shows Figure 1%. Two climatic types according to
Koéppen characterize the State, the weather As” and
BSh, i. e. rainfall in autumn and winter in the coastal
part of the State and semiarid warm in the outback
(Annual average temperature > 18 °C), respectively.
The database used in the study originated from
records of weather stations (SUDENE, 1990). The
stations selected for the study were those that
presented historical series of at least 20 years of
observations, being used in the work 45 weather
stations (Figure 1B).

For that could be made the spatial distribution
of the information through the GIS (Geographic
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Figurel. Map of Pernambuco with Mesoregions (A): Metropolitan (1), Zone of Forest (2), Agreste (3), Sertao
(4) and Sertdo of San Francisco (5). SUDENE climatologic stations in the State of Pernambuco (B).

Information System) used in this study, were used
data of stations which are found distributed in the
five mesoregions of the State of Pernambuco. The
dataset was georeferenced through the latitudes
and longitudes of stations, where in a file of the type
“worksheet”, containing information X, Y and Z, where
X is the latitude, Y is longitude of the stations and
Z is the value of the variable to be spatialized. The
vector map of the contour of the State of Pernambuco,
used as a “mask”, was obtained through the ITEP /
LAMEPE - Technological Institute of Pernambuco
/ Meteorology Laboratory of Pernambuco. The
interpolation of the data for the plotting in the
contour of the State was made using the Kriging
method within the program Surfer ® demo version
8.3 (Golden Software, 2006).

The probability density function of incomplete
gamma distribution was used to assess the occurrence
of dry years, normal and rainy in all the data of the
stations as shown in equation 1:

-xy

9y = [ [Py e (1)

Where y and p are parameters to be defined
for the particular sample which whether is needed
to adjust the distribution, p is the sample average.
The symbol is being used to designate the known
gamma function, that is (equation 2):

I'(z) = [t¥le7tdt ) )

Being e the base of the natural logarithms: The
function of distribution associated to the equation (1)
is(equation 3):

G(x,y,2) = [ﬁ]f: vV le™Vdv (3) (3)
Where: v =y x/u=x/, com G(x, y, v) =0 when

x<0eP=p/y.

In this work we applied the incomplete
gamma distribution as made by MOURA et al,,
(2008) applying to the total annual rainfall. The
parameters P and y were obtained with the method
of verisimilitude. The values of precipitation were
divided into: “dry” periods, those in which the
total annual rainfall was equal to or less than 25%
probability; “normal” periods with probability
greater than 25% and less than or equal to 75%, and
“rainy” periods with probability higher than 75%.

Due to lack of climatic variables, beyond
the temperature and rainfall in the climatologic
stations analyzed, the potential evapotranspiration
was calculated from the method proposed by
THORNTHWAITE (1948) and by means of the data,
we calculated the climatic water balance monthly,
by the method proposed by THORNTHWAITE
and MATHER (1955), with the assistance of the
program “SEVAP”, assuming a Maximum Capacity
of Storage of water in the soil (CAD) equal to 100
mm. The parameters of the calculated water balance
were real evapotranspiration (RET), potential
evapotranspiration (PET), water storage in the soil
(WS), accumulated negative (ACUM NEG) alteration
of water in the soil (ALT), water deficit in the soil
(WD) and water excess (EXC).

Results and Discussion

In possession of all the climatologic water
balance data of the 45 meteorological stations
distributed in the State, an analysis was performed
of these variables for each mesoregion.

Rainy years

The amount of rainfall in rainy years reached
for the mesoregion Zona da Mata around 2700 mm
year”, with with the highest rainfall concentrated in
the months from April to July (Figure 2A). The Agreste
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mesoregion presented annual rainfall averages of
1400 mm year * with higher concentrations in the
months from April to June (Figure 2B). The Sertao
do Sao Francisco and Sertdo mesoregions presented
800 and 950 mm year respectively with higher
concentrations of rain in the months from January
to April (Figure 2C and 2D). Despite do not affecting
none of the metabolic processes of the plants, the
rains affect directly the growth and development of
crops as States HOOGENBOOM (2000) described
by MONTEIRO (2009), besides contributing to the
water availability of the soils for absorption of water
by some crops.

The potential evapotranspiration presented
variations during the whole period, in the Zona da
Mata reached the highest ratios in the months from
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January to February with an average of 140 mm
month? (Figure 3A). In the Agreste mesoregion of
the State, the PET reached the highest values in the
months from January to February and from October
to December (Figure 3B). To the mesoregions of the
Sertdo do Sao Francisco and Sertdo there was an
average of 160 mm month™ (Figure 3C and 3D). The
highest values of PET were found in the seasons of
less rains during the year as found by LEMOS et
al. (2007) in studies of evapotranspiration in Minas
Gerais.

The figure 4 presents the spatial distribution of
the components of climatologic water balance for the
whole State. The Zona da Mata mesoregion presented
the best conditions for the cultivation of rainfed, due
to the high rainfall ratios with an average of 2200
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Figure 2. Rainfall for the rainy years of the mesoregions: Zona da Mata Zone of Forest (A), Agreste (B), Sertao

(C) and Sertdo do Sao Francisco (D).
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Figure 3. Monthly potential evapotranspiration for rainy years of the Zona da Mata (A), Agreste (B), Sertao

(C) and Sertdo do Sao Francisco (D).

mm year” (Figure 4A) and average PET of 1200 mm
year?! (Figure 4B) being representative for the crops
of sugarcane, in which, according to MONTEIRO
(2009), the tillering and development of the same,
corresponds to the conditions of temperature and
high rainfall. The Agreste mesoregion presented
values of average rainfall of 1500 mm year
(Figure 4A), potential evapotranspiration (Figure
4B) with an average of 1050 mm year”, relative
evapotranspiration of 0.7 mm year” (Figure 4C),
ideal for temporary crops as the carrot, in which,
according to SANTOS et al. (2009) the consumption

for the crop is of approximately 800 mm year” in
conditions of full irrigation. The Sertdo and Sertdo do
Séo Francisco mesoregions presented water deficit of
550 and 750 mm year, respectively, (Figure 4E) and
water excess of 130 and 100 mm year™, this conditions
are ideal for the annual crops as the vine (Vittis),
which according to MONTEIRO (2009) must have an
water supply in the phase formation of berries and
a period of maturation in conditions of low rainfall
and high temperatures, but is necessary to take into
consideration a necessary agricultural planning for
the favoring of this crop in the Pernambuco Sertdes.
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Figure 4. Spatial distributions of annual precipitation in Pernambuco (A), Potential evapotranspiration (B),
real evapotranspiration (C), water availability (RET/ PET) (D), water excess (E) and water deficit (F) obtained
by rainy years using kriging.

5A) the Agreste region presented average rainfall of
115 mm month™ (Figure 5B), while the Sertao region
presented ratios of 40 mm month™ (Figure 5C) and
the smallest values were found in the Sertdo do Sao

Regqular years

The years with regular rains regime presented
variations in the rainfall in all mesoregions, presenting
the highest values in the Zona da Mata mesoregion ~ Francisco region with an average of 30 mm month
with an average rainfall of 150 mm month® (Figure (Figure 5D).
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Figure 5. Rainfall for regular years in the State mesoregions: Zona da Mata (A), Agreste (B), Sertao (C) and

Sertdo do Sao Francisco (D)

The potential evapotranspiration presented
averages of 112 mm month™ for the Zona da
Mata (Figure 6A), 93 mm month”, for the Agreste
mesoregion (Figure 6B), 111 mm month?, for the
Sertdo (Figure 6C) and 123 mm month”, for the
Sertdo do Sao Francisco (Figure 6D). The irrigation
management must be done mainly in the months

from January to May in the Sertdao mesoregions.
SILVA et al. (2011) States that even in the different
rain regimes, the cultivation in rainfeds does not
become adequate for the Sertdo regions of the State,
being only necessary for crops which are not adapted
to the use of irrigation.
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Figure 6. Potential evapotranspiration years of regular rainfall: Zone of Forest (A), Agreste (B), Sertdo (C)

and Sertdo do Sao Francisco (D).

Figure 7A shows the spatial distribution of the
State rainfall regime, the Zona da Mata mesoregion
presented the highest rates of rainfall with variation
between 2300 to 1800 mm year™. The potential
evapotranspiration achieved high levels in the Sertao
and Sertao do Sao Francisco mesoregions with 1300
and 1400 mm year, respectively, the lowest values
were found in the southern Agreste, due to the
low temperatures and high altitudes in the region
(Figure 7B), being propitious for the development of
plants sensible to high temperatures as affirmed by
MEDEIROS et al. (2009) studying the zoning of the
Alpinia purpurata for the State. The spatial distribution

of the real evapotranspiration presented the highest
rates in the Zona da Mata with 1200 mm year?, and
the smallest values in the entire Sertao region with 350
mm day” (Figure 7C). The greater water availability
(Figure 7D) and water excess (Figure 7E) are found
in the south part of the Zona da Mata, due to the
high levels of rainfall, stimulating the cultivation in
rainfed, as indicated by SILVA et al. (2011) studying
the zoning of the Surinam cherry crop for the State.
The water deficit (Figure 7F) was higher in the Sertdo
and Sertdo do Sao Francisco, reaching the 1000 mm
year?, being necessary irrigation almost the whole
year for this regions.
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Figure 7. Spatial distributions of annual precipitation in Pernambuco (A) Potential evapotranspiration (B)
Real evapotranspiration(C), water availability (RET/PET) (D), water excess (E) and water deficit (F) for
regular years.

Dry years
average of 73 mm month™, with greater levels in the

The rain regime in the dry years presented for =~ months from March to July (Figure 8B). The Sertao
the Zona da Mate mesoregion the highest rates from  and Sertdo do Sao Francisco mesoregions presented
March to August with an average of 230 mm month®  averages of 22 mm month™ and greater levels from
(Figure 8A). The Agreste mesoregion presented an  January to April (Figures 8C and 8D).
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Figure 8. Rainfall for dry years in the regions of the State: Zona da Mata (A), Agreste (B),Sertdo (C) and Sertao
do Sao Francisco (D).

The potential evapotranspiration for the the PET presented average of 99 mm month™ (Figure
mesoregion presented monthly average of 111  9B) and greater levels in the months from October
mm month?, with higher water demand in the to December. The Sertdo (Figure 9C) and Sertdo do
months from January to March and from October to ~ Sao Francisco (Figure 9D) mesoregions presented
November (Figure 9A). In the Agreste mesoregion  averages of 120 and 124 mm month?, respectively.
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Figure 9. Potential evapotranspiration for dry years: Zona da Mata (A), Agreste (B), Sertdo (C) and Sertao

do S&o Francisco (D).

The spatial distribution presented rainfall of
1700 mm year” for the Zona da Mata mesoregion,
1200 to 1000 mm year™ for the Agreste region, 100
to 400 mm year™ for the Sertdo and Sertdo do Sao
Francisco mesoregions, in average (Figure 10A).
The PET presented variability in all mesoregions,
with the lowest values in the southern Agreste with
1000 mm year” (Figure 10B). The RET (Figure 10C)
presented low rates in the Sertdo and Sertdo do Sao
Francisco mesoregions with 400 year, probably due
to the low water availability during the whole year
in the region (Figure 10D). Figure 10E presents the
spatial distribution of the water excess for the State, it

was observed in this, the lowest values for the Sertao
and Sertao do Sao Francisco mesoregions, showing
the necessity of irrigation for the crops during the
whole year. The water deficit (Figure 10F) achieved
the lowest values in the Zona da Mata, due to the
high level of rains during the year in the region, and
the highest rates in the Sertdao and Sertao do Sao
Francisco with 1450 mm year™. According to SILVA
et al. (2010) in studies of zoning, the cultivation in
areas of elevated periods of water deficit, like the
Sertdo and Sertdo do Sdo Francisco mesoregions,
the crops must present adaptability to the weather,
beyond being adequately irrigated.
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Figure 10. Spatial distributions of annual precipitation in Pernambuco (A) Potential evapotranspiration (B) Real
evapotranspiration (C), water availability (RET/PET) (D), excel water (E) and water deficit (F) for dry years.

Conclusion this context, the spatialization of the environmental
data becomes an important tool for the management
The results obtained in this study suggest  of water resources. However, the rainfall regimes
that the spatialization of values of climatologic  and the variations of temperature due to the climatic
water balance through the geostatistic can assist the ~ phenomena should be taken into consideration,
producers with a more adequate management of  for the determination of the studies with spatial
irrigation and, consequently, provide a considerable  distribution.
decrease in the demand for water for the irrigation. In
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