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(1,000 ha), IN PIRACICABA, SP, BRAZIL, AND ITS
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ABSTRACT: Daily rainfall variability at a local scale (1,000 ha) was studied at Piracicaba, SP, Brazil, for the period
of one year (1993-1994), in order to better understand the process of soil water recharge. Coefficients of variation
of daily data for ten observation points varied from 2.2 to 169.3% and the variability was independent of rain type,
i.e. whether convective, frontal or of other origin. Data were not related to separation distances between observation
points and it is concluded that one observation point does not represent areas as far as 1,000 to 2,500 m apart, for
daily, monthly or even quarterly averages. Yearly totals for the ten observation points presented a coefficient of
variation as low as 3.06%, indicating that all points can replace each other in annual terms.
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VARIABILIDADE DIARIA DA CHUVA EM UMA ESCALA LOCAL (1000 ha)
EM PIRACICABA, SP, E SUAS IMPLICACOES NA RECARGA DA AGUA DO SOLO

RESUMO: A variabilidade didria da chuva em uma escala local (1000 ha) foi estudada em Piracicaba,SP, Brasil,
pelo periodo de um ano (1993-1994). Os coeficientes de variagio de dados didrios para dez pontos de observagio
variaram de 2,2 a 169,3 % e a variabilidade independeu do tipo de chuva, isto ¢, se convectiva, frontal ou de outra
origem. Os dados nio apresentaram correlagio com a distincia entre os pontos de observacio e concluiu-se que um
ponto de observacdo ndo representa dreas distantes dele de 1000 a 2500 m, para médias didrias, mensais ou mesmo
trimestrais. Os totais anuais dos dez pontos apresentaram um coeficiente de variagio de apenas 3,06 %, indicando
que cada ponto pode representar qualquer outro em termos anuais.
Descritores: variabilidade, chuva, precipitagio pluvial, recarga da dgua do solo

INTRODUCTION representative points is a difficult task. In Brazil
rain gauge networks started only at the end of the

It is well known that rainfall events in the last century, and up to date, in the most advanced

tropics can have great variability over short
distances. Commonly one observes that it is raining
at a place and very close to it there is no rain. In
many circunstances it is possible to observe on the
ground the moving limit of the wetted front. These
facts are extremely important in the planning of
rainfall measurements in space and time.

This variability has great implications
in the establishment of weather networks.
Networks usually represent a collection of point
data, the accuracy of each depending on the
sensor characteristics, calibration, and proper
exposure. Assuming as minimal the instrumental
errors at each observation point, the selection of
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part of the country, they represent a collection of
points, each belonging to one county. As an
example, in the network of the State of Sdo Paulo,
the county of Piracicaba with an area of 142,100
ha, is represented by only one observation point.
How well does this point represent the county ?
Piracicaba, having an advanced sugar-
cane agro-industry, has several other rainfall
observation points; these, however, are not
considered part of the official state network. Their
data will be used in a later study, to characterize
the daily rainfall space variability on a medium
space scale. The present study considers this
variability on a smaller space scale, here called
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“local”, which represents an area of the order of
1,000 ha, which is about the size of the Campus of
the University of Sdo Paulo at Piracicaba. Since it
is common to rain in one part of the campus and in
another not, it is important to characterize this
variability.

The most frequently weather variable
referred to in the literature is rainfall. Of special
interest are the network design studies of
EAGLESON (1967), MORIN et al. (1979) and
SHIH (1982). Among the reports on rainfall spatial
variability, HUBBARD (1994) is a study of several
weather variables including rainfall, using data of
24 stations of a medium scale network in USA. He
concludes that to monitor precipitation at a level to
explain > 90% of the variation between sites, the
spacing between them should be less than 5 km.

With respect to the effect of rainfall
variability on soil water changes and on consequent
yield, on a local basis, no reports have been found.
VILLAGRA et al. (1995) present an analysis on
the effect of soil wvariability in estimating
evapotranspiration from the water balance equation.
Since their experimental plot is a strip of 5x125
m?, they considered the rainfall as being constant,
although the rain gauge was located about 200m
from the center of their plot. Which would be the
minimum size of an experimental area in order to
be allowed to consider precipitation constant ? This
paper represents an effort to answer these kind of
questions.

MATERIAL AND METHODS

Nine rainfall collection points were
choosen as randomly as possible within the area of
the Campus of the University of Sdo Paulo, in the
county of Piracicaba, SP, Brazil (22°44°S; 43°33’
W), at an altitude of 580 m above sea level, 250km
inside the continent. The tenth collection point,
considered as a standard, is the official weather
station of the campus, for which 78 years of
rainfall data are available. Figure 1 indicates the
distribution of the collection points, which cover an
area of about 1,000 ha. The closest and the farest
points from the standard are, respectively, 990 and
2,550 m apart.

The raingauges choosen have a collection
area of 300 cm?, installed 1.5m above ground
level, being free of any obstacle in a circle of at
least 20 m radius. Their accuracy of measurement
is 0.1 mm. Data collection started November 1993
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and ended October 1994, completing one full year.

Since it is permitted to calculate the
statistical moments of any population without
knowing their distribution, data were used to
calculate means, standard deviations, and
coefficients of variation, without fitting them to any
distribution. Correlation between data of each
observation point and the standard observation
point was also performed.

RESULTS AND DISCUSSION

For the kind of study here focused it is
important to the reader to observe the raw data, in
order to obtain a fecling of the variability that can
be expected. Table 1 presents the raw data for the
period of one year, for all ten observation points,
together with their means, standard deviations, and
coefficients of variation.

Data for the first eight collection dates in
TABLE 1 are incomplete because not all rain gau-
ges were installed at the same date. Other missing
data correspond to days in which the rain gauge tap
was found open. This problem could not be avoi-
ded because several locations permit the access of
the people. Zeros are days in which there was no
rain at the specific observation point. Daily C.V.
varied from 2.2% to 169.3%. From the 87 rainy
days of the year, 15 presenta C.V. below 10% and
8 above 100 %. For the days with C.V. below
10%, precipitations were indistinctly of low and
high intensities, however for the days with C.V.
above 100%,precipitations were all of very low
intensity, most of them including several zeros, i.e.
with several observations very close to the accura-
cy of the rain gauges. During the collection period
it was also observed that the magnitude of the
variability was independent of the type of rain, i.e.
whether it is of convective, front or other origin.

In order to calculate the cumulative
precipitation for the whole observation period,
missing data were replaced by the respective daily
averages. HUBBARD (1994) replaced missing data
by weighted averages using five nearest stations
and the inverse separation distance law. Since the
data of this study did not present any correlation
with distance, simple averages were taken to
replace missing data, however only for the purpose
of estimating yearly totals. These values are
presented at the bottom of Table 1. Minimum and
maximum values are, respectively, 1,020 and 1,141
mm, and the coefficient of variation is 3.06.
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Figure 1 - Location of the obsevation points: P1=Pivot at Fazenda Aredo; P2 = Museum “Luiz de
Queiroz”; P3=Faculty Club Restaurant; P4= Center for Nuclear Energy in Agriculture;
P5=SINFESALQ Recreation Area; P6=Crop Production Experimental Area; P7=Center for
Biotechnology; P8=Pasture; P9=Piracicaba Astronomic Observatory; PO=ESALQ
Meteorological Station (standard).
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Figure 2 - Regression of rainfall data at each observation point as a function of standard point data

Another convenient form to observe the against the standard observation point. Although
overall variability is presented in Figure 2, in data present a great variability, they are distributed
which data of each observation point is plotted along the 1:1 regression line, as expected.
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TABLE 1 - Rainfall data (mm) for all ten observation points over the whole observation period (November
1993 - October 1994). Blancs are missing data and zeroes are no rain.

Date P1 P2 P3 P4 Pé » | ] | ] PO Ave. 8.D. C.V.

Nov. 2 6,2 5,6 6,1 5,6 6,9 6,08 0,54 8381
Nov.6 11,5 11,8 11,8 122 12 11,86 026 2,20
Nov. 7 9 8,8 8,8 8,6 7 8,1 8,38 0,74 8,88
Nov. 17 7 6,8 32 126 45 4 6,35 3,42 5389
Nov. 18 1 0,8 0,2 1,6 0,4 1,2 0,87 052 59,58
Nov. 22 10,2 24,6 15 248 276 25 21,20 6,92 32,64
Nov. 23 3 3 2,8 3 3 2,4 2,6 2,5 2,79 025 9,08
Nov.25 52 36 7.8 38 24 4,8 34 35 4,31 1,65 3831
Nov. 26 30,6 29 324 21,2 278 308 226 266 284 27,71 3,774 13,49
Dec. 3 13,6 0 10 7,8 22,8 5,6 42 428 16,3 16,8 13,99 12,19 87,13
Dec. 4 1,2 58 0 0,6 7,6 52 2,4 4,4 3,4 9,3 3,99 3,06 76,66
Dec. 8 10,6 7.4 11 7.4 9 38 10,6 48 8,08 2,73 33,78
Dec. 11 174 142 152 41,8 186 148 13,6 13,8 20 18,82 891 47,32
Dec. 15 2,2 3 32 7,6 2,6 2,8 42 1,8 4,6 3,56 1,76 49,42

Dec. 17 158 18,8 152 142 222 21 18,4 222 16,2 16,4 18,04 294 16,32
Dec. 19 12,8 12 128 112 85 12 10,6 158 14 12,9 12,26 196 16,02
Dec. 26 152 20,5 11,8 16 32,1 17,5 182 224 13,1 20,5 18,73 5,77 3082
Dec. 28 278 27,2 284 295 243 284 275 318 29,6 289 2834 194 6,84

Dec. 30 108 9,6 132 104 144 11,6 10,5 11 10,9 11,9 11,43 1,43 12,49

Jan. 3 3 3,6 34 3,7 3,5 33 33 32 3 2,9 329 027 8,6

Jan. 13 48,6 51,3 49,4 493 499 50,6 48,5 57 51,9 50,72 2,62 5,17

Jan. 18 5 3,7 3,9 4,1 3,9 3,7 33 38 5,7 4 4,11 0,71 17,22
Jan. 19 2 1,7 1,8 3 0,2 2,1 4 0,6 1,3 0,3 1,70 1,19 70,21
Jan. 22 3,3 6 1,8 5 3.1 4,3 6,3 1 12,7 2,3 4,58 3,35 73,05
Jan. 25 11,8 8,6 9,5 10,7 98 8,8 9,6 10 10,3 8,4 9,75 1,03 10,60
Jan. 27 45,5 48,9 51 46,7 63,7 493 50,1 563 51 54,4 51,69 5,30 10,26
Jan. 28 2,7 4 4,8 1,5 3,7 5.6 4,2 7 3,1 71,5 4,41 1,88 42,52
Jan. 31 0 0 0,7 0 0,2 0,3 0 2,1 0 1.6 049 0,76 154,96

Feb. 5 41 42,8 345 53,6 54 418 428 284 41,8 398 42,05 7,65 18,20
Feb. 7 15,5 153 144 155 23,7 18,5 168 16,2 14,9 18 16,88 2,73 16,19
Feb. 9 11,7 28,6 24,2 30,1 4,4 318 36 5,6 1,3 9,5 18,32 13,08 71,41
Feb. 12 0 1,2 43 0,6 0 2,8 2,1 2,9 0,5 3,3 1,77 1,52 8581
Feb. 13 0 8,9 17,7 6,7 1,1 14 6,2 11,2 0 158 8,16 6,52 79387
Feb. 15 0 0 0,1 0,2 0 0,4 0,2 0,3 0 0,3 0,15 0,15 100,62
Feb. 16 0,1 0 0,2 0,4 0 0,4 0,3 0,3 0,1 0,3 021 0,15 72,57
Feb. 19 1838 22 0,5 132 223 68 17,7 151 17,6 123 1463 681 46,55
Feb. 20 16,6 28,5 151 23,5 26 22,6 34 17,5 32,6 24,04 6,86 28,54
Feb. 22 4,7 6 53 2,6 19,6 42 43 10,2 3,1 8,3 683 505 73,9
Feb. 26 0 0,4 0,5 0,3 0 0,6 0 2,1 0,5 1,1 0,55 0,64 116,66
Feb. 27 172 1,7 78 22 3,1 6 38,5 3.5 5,7 8,41 11,49 136,61
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Feb. 28 14,7 13,1 7 3,1 83 59 8 158 78 930 427 4595
Mar. 1 354 38,7 30,1 20,1 29 263 372 38,1 328 31,97 621 19,41
Mar.7 0 1 0 0,5 0,7 0 0,7 0 1,4 048 0,52 108,14
Mar. 11 51,4 455 52,5 47,6 61 62,4 32,6 45,1 49,76 9,53 19,14
Mar. 17 0O 1,1 13 25 3 3,1 28 3,7 0 22 1,97 130 66,23

Mar. 19 60,5 40,3 52,1 51,1 408 49,7 51 42,2 59,5 45,9 4931 7,14 14,48
Mar. 20 168 10,5 15,3 14,4 9,3 15,6 14,8 16,2 17,3 13,9 14,41 2,61 18,11

Mar. 21 4,5 6,7 3 8,3 5,1 4,8 7,4 1,8 2,1 2,5 4,62 229 49,62
Mar. 24 0 1,2 0,8 0,3 0 0,8 0,8 0,5 0 0,7 0,51 0,42 82,39
Mar. 25 385 344 37,7 32,1 346 42,3 445 43,1 35,6 38,7 38,15 4,12 10,79
Mar. 26 0 33 2,5 1,8 0,5 1,6 1,7 1,4 0 2 1,48 1,06 71,71

Mar. 31 37,7 288 32 133 36,4 228 203 44,1 40,1 37 31,25 9,80 31,37

Apr. 1 0 0,6 1,2 0 0 0,3 0 0,5 0 0,4 0,30 0,39 131,47
Apr. 6 0 0,8 1,4 1,5 0 2,4 2,5 1,8 0 2,2 1,26 1,00 79,65
Apr. 13 1,8 1,5 3,5 2 1,1 22 23 2,7 1,7 2,8 2,16 0,70 32,53
Apr. 18 1,8 3.4 52 6,8 9,4 19,6 3,2 2 2 2,1 555 553 99,64

Apr. 21 53,1 48 49,5 56 55,8 50,6 56,6 52,3 50,5 49,4 52,18 3,09 592
Apr. 22 11,8 143 246 12,4 26,6 15,3 12,6 28 13,3 32 19,09 7,77 40,71
Apr. 24 0 0,8 0,4 0,5 0 0.5 0,3 1,1 0 0,8 0,44 0,38 86,51
Apr. 25 5,5 0 0 3,3 0 0 0 0 6,7 0 1,55 2,62 169,34
Apr. 26 15,5 8,8 29,9 12 35 16,6 6,4 30,2 16,8 245 1642 9,33 56,80

May 13 6 6,6 67 62 63 7 63 64 58 6,4 637 034 539
May 14 1,8 2,1 22 24 22 1,9 2 2,3 2,3 22 2,14 0,19 887
May15 27,1 30,7 304 366 30,7 322 271 273 285 31,1 3017 292 968
May 22 0 02 07 05 01 05 08 05 0,2 0,6 041 027 6550
May 23 12 09 L1 1,4 13 1 1,1 09 1,5 L1 1,15 020 17,51
May26 28 3 25 22 15 26 25 3 0,7 26 234 0,72 3083
May27 103 11,4 11,5 11 10,6 11,6 107 12,5 10,5 11,8 11,19 0,69 6,17

Jun. 4 0 0,5 1,3 1,4 2 09 13 09 0 1,1 094 0,63 67,13
Jun. 8 3,4 3,1 3,4 3 3,1 33 29 3 32 3 3,14 0,18 566
Jun, 21 3,4 3,5 32 3,5 3,5 3,4 2,8 3,3 32 32 3,30 0,22 6,55
Jun. 22 149 15 143 148 148 13,7 13,9 14 14,7 143 14,44 046 320
Jun. 24 53 48 9 65 81 85 56 6 7.2 8 6,90 1,47 2125
Jun. 25 83 9,1 7 6,5 72 73 15 83 9 71 1,73 0,89 11,49
Jul. 8 2 3,1 17 174 25 17,1 163 1,6 2.2 2,1 8,3 7,61 9355
Jul. 22 158 18,6 24,1 232 22 19,4 188 20,6 254 223 21,02 2,92 13,90
Jul. 23 0,1 0,4 04 05 0,1 03 03 02 0 03 026 0,16 60,68
Sep. 30 1,2 1,5 0,5 1,7 05 1,08 0,5 51,72
Oct.1 35 22 32 64 0 1,7 1,4 06 2,3 06 2,19 1,86 8500
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Oct. 16 388 38,7 383 193 286 22 255 393 266 30,79 8,02 26,06
Oct. 20 3,5 45 44 47 2,8 2 5,7 3,3 55 4,04 124 30,54
Oct. 22 22 32 12 35 25 3,6 51 23 1,8 25 2,79 1,10 39,50
Oct. 24 11,5 102 10,7 88 11,8 12,1 9,6 103 9 9,9 10,39 1,14 10,93
Oct. 26 21,5 322 263 31,7 364 286 341 225 337 245 29,15 523 17,95
Oct. 27 297 32,5 349 302 271 33 322 355 40,1 366 33,18 3,76 11,34
Oct. 28 16,7 23,6 207 21,1 163 186 19,5 223 1 19,1 18,89 3,59 19,02
Oct. 30 0 0,6 0 0,3 0 0,5 2,1 1,1 0 03 049 0,67 13621
accum. 1024 1043 1103 1075 1087 1109 1073 1141 1069 1106 1083,8 3320 3,06
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Figure 3 - Correlation between data of pairs of observation points with distances

To quantify the spatial variability RODDA
(1962) and HOPKINS (1979) plotted the correlation
coefficient between data of pairs of observation
points, with respective separation distances. This
approach was also here used, and is presented in
Figure 3. As can be seen, there is no correlation
with distance. This fact indicates that, although
there is a great variability among observation sites,
this variability has a random characteristic. The
fact that a more dense cloud is positioned over
some specific rain gauges is a completely randomic
process at the studied scale. Therefore it is not
possible to estimate at which distance a given
observation explains a given fraction of the
respective observation at the standard observation
point, as HUBBARD (1994) did. The results
however show the importance of the variability in
space. Authors avoided to take monthly and
quarterly averages because the number of rainfall
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days is very variable, and because the available
data correspond only to one year of observation.
Data, however, clearly indicate that rainfall data
collected at the standard observation point do not
represent areas as far as 1,000 to 2,500 m apart,
for daily, monthly or even quarterly averages,
which is the case of annual crops. For yearly totals
the coefficient of variation was 3.06%, indicating
that any of the observation point can replace the
standard observation one.

CONCLUSIONS

Coefficients of variation of daily rainfall
data collected at ten obsevation sites distributed
randomly over an area of about 1,000 ha, and over
the period of one year (1993 - 1994), at Piracicaba,
varied from 2.2 to 169.3%. For days with C.V.
below 10%, precipitations were indistinctly of low
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and high intensities, however for days with C.V.
above 100%, precipitations were all of low
intensity, most of them including several zeros.
The magnitude of the variability is independent on
the rain type, i.e. whether convective, frontal or of
other origin. Correlations between data from pairs
of observation sites were not related to separation
distances, indicating that at this scale of distances
the variability is a randomic process. The observed
variability shows that rainfall data collected at one
observation point does not represent areas as far as
1,000 to 2,500 m apart, for daily, monthly or even
quarterly averages. For yearly totals the coefficient
of wvariation was 3.06%, indicating that all
observation points can replace each other.
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