CLIMATIC FLUCTUATIONS AND HOMOGENIZATION
OF NORTHEAST BRAZIL USING PRECIPITATION DATA'
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ABSTRACT - In order to assess the cyclic variations in the precipitation series and to homogenize the
precipitation regimes of the Northeast Brazil 70-years annual precipitation data of 105-locations were
subjected to power spectrum analysis, In terms of some cycles the regions above and below 898 lat,
differ significantly, Also regions between 4-808 lat. are different in some respects from regions above
408 lat, This is true with respect to coefficient of variation of annual precipitation. The auto-regres-
sion of Fortaleza data of ]849 to 1981 revealed the presence of four cycles, namely 52, 26, 13 and
6.5 years, The integrated curve of these four cycles is compared with the observed precipitation, The
agreement in general is good with few exceptions. The same predicted curve is also used to compare
with the observed precipitation at few other locations. The agreement is good only for few regions,
The coefficient of variation of annual precipitation presented a non-homogeneity over regions above
898 lat. compared to regions below 898 lat, This is also true even with the observed cycles. This type
of discrepancy is attributed to the non-homogeneity in the data series, which is also substantiated
with few examples. This study demonstrates that the basic precipitation data must be corrected for’
homogeneity before they are actually used in the agricultural productivity estimates or planning
strategies using regression approach.

Index tems: cycles, power spectrum.

FLUTUAGOES CLIMATICAS E HOMOGENE!ZAGCAD DO NORDESTE DO BRASIL
UTILIZANDO DADOS DE PRECIPITAGAD

RESUMO - Objetivando conhecer a variagio ciclica nas séries de precipitagdo e homogeneidade do re-
gime pluviométrico do Nordeste do Brasil, dados de 70 anos de precipitacio anual de 105 locais fo-
ram submetidos a andlise do poder de espectro. Em terrmos de alguns ciclos as regifes acima e abaixo
de BY de latitude diferem significativamente, Também regiSes antre 4-8° de latitude sdo diferentes em
relagdo as regides acima de 4° de latitude em alguns aspectos, Isto certamente também & correto com
relaglo ao coeficiente de variacdo da precipitagdo anual. A auto-regressdo dos dados de Fortaleza de
1849 a 1981 indica a presenga de quatro ticlos, normalmente de 52, 26, 13 e 6,5 anos. A curva inte-
grada deste quatro ciclos é comparada com a precipitagio observada, A precisao em geral é boa, com
poucas excegdes, A mesma curva estimada é também usada para comparar com precipitagdes observa-
das em outros locais, A precisdo ¢ boa somente para poucas regifes. O coeficiente de variagio da pre-
cipitacfo anual apresenta uma ndo-homogeneidade sobre regifes acima de 82 da latitude comparade
a regifes abaixo de 8C de latitude, Isto certamente também § correto. Este tipo de discrepincia & atri-
buido & ndo-homogeneidade da série de dados, a qual & também evidenciada com poucos exemplos.
Este estudo demonstra que os dados basicos de precipitagdo deve ser corretamente homogeneizado,
antes de ser utilizado em estimativa ds produtividade agricola ou estratégias de planejamento, utili-
zando métodos de regressio,

Termos para indexa¢do; ciclos, poder de espectro,

INTRODUCTION

not make full and efficient use of available

The objective of the wider study of which this
paper is only one component is to divide the
Northeast Brazil into Agronomically relevant
zones in terms of crops/cropping pattern and land
and water management practices, Traditional
crops, varieties and croping systems’ often do
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soil and water resources. If the climate presents
significant cyclic variation with time with alternati-
ve long dry and humid periods, the supgested new
improved - farming systems should be flexible
according to these variations.

Among the several climatic parameters, the
precipitation has close bearing on the agricultural
productivity of a region in the tropics. Also,
several climatic parameters are directly related to
the precipitation over the Northeast Brazil; for
example, potential evapotranspiration that defines
the water need at a place (Reddy & Amorim 1984)
and global solar radiation (Reddy et al. 1984),
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Therefore, the study of cyclic variation in the

precipitation is very important in the tropics

for appropriate long term planning of agriculture.

In the past some efforts have been made to under-

stand the cyclic variations in the precipitation of
the Northeast Brazil (Strang 1979, Girardi 1983,
Carlos et al. 1982). Majority of these studies used
Fortaleza data series only. However, the precipita-
tion patterns in terms of seasonal variation and
commencement of humid period present high
variations with latitude and longitude over the
Northeast Brazil (Reddy & Amorim 1983).

Therefore, the specific objective of this study is
to identify periodicities in the long series of preci-
pitation data over different parts of the Northeast
Brazil and homogenize the precipitation regimes
according to identified cycles and point out
the non-homogeneity in the precipitation series
of the Northeast Brazil. For this study 70-years
annual precipitation data of 105-locations over the
Northeast Brazil (excluding Maranhio and Piauf)
were used. :

 MATERIAL AND METHODS

The basic data consists of 70-year annual precipitation
for the duration of 1912-1981 for about 105 locations
over Northeast Brazil (Fig. 1 and Table 1). The data
were supplied by the SUDENE (Recife). ¥ only one or
two-month data were missing, then these were filled with
the average monthly values. In the case of Fortaleza, the
data are from 1849 to 1981,

The annual precipitation data were subjected to
power spectrum analysis of Blackman & Tukey (1958) as
presented in World Meteorological Organization (1966)
technical note no, 77. To achieve satisfactory resolution
in the spectrum a maximum lag of 25 was chosen. The
spectral estimates were smoothed by “Hanning method”
with weights 0.23, 0.54 and 0.23. The spectra exhibit
many peaks and troughs. To test whether these peaks
are accidental due to sampling effects or the series indicate
any significant tendency te oscillate, the sampling theory
of Tukey (1950) was used. The null hypothesis for this
purpose are considered in accordance with the fact that
the series revealed any persistency or not. If the persisten-
o2 is of the “Markov linear type", the appropriate red-
-noise spectrum and the associated 99, 95 and 90%
limits were calculated and the individual peaks were
tested with reference to these limits. If the lag 1 correla-
tion was significantly greater in magnitude than zero but
higher lag correlations did not taper off exponentially,
the spectral estimates in the first half was tested with
reference to the red-noise spectrum and the rest against
white noise. In the absence of any persistency, the spectral
estimates were tested against white-noise spectrum. Out
of 105 locations 47 presented persistence. Such bands can
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FI1G. 1. List of locations.

cause errors in the spectral estimates where there is less
power (Jenkins & Watts 1968), It may be advantageous to
filter the data digitally in order to improve the estimates at
these frequencies. In the present study the time series
represent only 70 values. It is, therefore, not attempted
to filter the data series using either *‘Band pass filter” or
“difference filter”, as this process reduces the number of
data points available for spectrum analysis. Also, there is
no difference between the pattern of spectrum either
with red-noise or white-noise.

RESULTS

Table 2 presents the significant cycles at the
105 locations over Northeast Brazil. In this table
the numbers 1, 2 and 3 respectively stand for the
90, 95 and 99% levels of significance. The periods
or cycles (in years) that correspond to different
harmonics along with the class interval are present-
ed in Table 3. Table 3 also presents the number
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TABLE 1. List of locations used in the analysis.

tMumbers Name Stage Latitude Longitude Altitude
o ' o ' {m})
1 Sertdnia Pernambuco o8 05 37 16 605
2 Brejo da Madre de Deus Pernambuco 08 09 36 .23 646
3  Salgueiro Pernambuco 08 04 39 07 415
4 Bom Jardim Pernambuco 07 48 35 35 325
5 Timbauba Pernambuco 07 k] 35 19 190
6 Belém de 8. Francisco Pernambuco 08 46 38 58 305
7 Fambé Pernambuco 09 23 40 30 376
8 Petrolina Pernambuco 09 23 40 30 376
g9 Mundo Novo Bahia 1 51 40 28 480
10 Paratinga Bahia 12 42 43 10 420
1 Andaral Bahia 12 49 41 20 386
12 Brumado ‘ Bahia 14 12 41 40 457
13 Condelba Bahia 14 52 4 89 695
14 Barra Bahia 11 Q05 43 09 410
15 Curaca Bahia 08 59 39 54 341
16 Casa Nava Bahia 09 24 M a8 380
17 Patamuté Bahia 09 25 39 29 400
18 Juazeiro Bahia 09 25 40 30 an
19 Remanso Bahia 09 41 42 04 378
20 Uaug Bahia 09 50 39 29 439
21 - Pildo Arcado Bahia 10 10 42 26 -
22 Montes Santo Bahia 10 26 29 20 489
23  Senhor do Bonfim " Bahia 10 27 40 1 544
24 Euclides da Cunha Bahia 10 30 39 01 523
25 Cicero Dantas Bahia 10 36 33 22 420
26 Araci Bahia 1 20 a3 57 212
27 Morro do Chapéu Bahia 1 32 41 08 1012
28 Serrinha Bahia 1 39 39 00 377
29 Rio de Contas Bahia 13 34 41 49 1002
30 ltuagu Bahia 13 49 41 18 527
31 Caetité Bahia 14 04 42 29 826
32 Paripiranga Bahia 10 41 37 51 430
33 Brejo do Cruz Paraiba 06 21 a7 30 180
34 Catolé do Rocha Paraiba 06 21 37 45 250
35 Cajazeiras Paraiba 06 53 as 34 291
36 Antenor Navarro Paraiba 06 44 38 27 240
37 Pombal Paraiba 06 46 37 49 178
28 Santa Luzia Paraiba 06 52 36 56 290
as Picui Paraiba 06 AN 36 22 450
40 Araruna Paraiba 06 N 35 44 580
41 Bananeiras Paraiba 06 46 35 38 562
42 Areia Paraiba 06 68 35 42 445
43 8. Jodo do Cariri Paraiba 07 24 36 32 445
44  Soledade Paraiba 07 7. ] 36 22 560
45 Alagoa Nova Paraiba o7 04 35 47 500
45 Ingd . Paraiba 07 17 35 37 144
47 Itabaiana Paraiba 07 20 35 20 45
48 Conceicio Paraiba 07 33 38 31 370
49 Princesa |sabel Paraiba 07 44 38 o1 660
50 Areia Branca Rio G. do Norte 04 51 37 o8 5
51 Gov. Dix-Sept Rosado Rio G. do Norte 05 238 37 N 36
52 Touros Rio G. do Norte 05 12 35 28 4
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TABLE 1. Continuation.

Numbers Name Stage Latitude - Longitude ' Altitude

o ' o - {m)
53  Caralbas Rio G.do Norte 05 47 37 34 146
54 Augusto Severo Rio G.do Norte 05 51 37 19 65
55 Angicos - Rio G. do Narte 05 40 36 36 109
56  Santana do Matos _Rio G, do Norte 05 58 a8 39 140
57 Taipu Rio G, do Norte [+ 37 35 36 50
58  Jardim de Angicos Rio G. do Norte 05 39 36 00 150
89 Luis Gomes Rio G. do Norte 06 25 38 24 640
60 Martins Rio G.do Norte D6 05 37 Bh 645

61 Porto Real do Colégio Alagoas 10 11 38 50 30 -

62  Nossa Senhora da Gléria Sergipe 10 13 a7 27 290
63  Simdes Dias Sergipe 10 44 37 43 283
64  5.J. do Jaguaribe Ceard 05 17 38 t6 60
65  Mombaga Ceard 05 45 39 38 223
66 Assaré Ceari 06 62 29 52 435
67 Santana do Cariri Ceard oy 11 39 44 480
68 Crato Ceard 07 13 39 23 421
69 Brejo Santo Ceard 07 29 38 59 490
70 Parteiras Ceard o7 N 39 08 520
Al Jardim Ceara 07 35 39 17 630
72 Camaocim Ceard 02 54 40 50 5
73 Acarad Ceard 02 53 40 07 7
74 Grania Ceard 03 07 40 50 9
75 Meruoca Cearé 03 27 40 29 450
76 Vigosa do Ceara Ceard 03 M 41 s} 685
77 Tiangud ° Ceard D3 44 40 59 795
78 Ubajara Ceard 03 B1 40 56 870
79 Ibiapina Ceard 03 65 40 53 B85
80 Ipaguassu Ceard 03 30 40 16 75
81 Tambeoril Ceard 04 B0 40 20 360
82 Aracatiagu Ceara 03 53 40 02 190
83 S. Beneditg Ceara 04 03 40 52 903
84 Guaraciaba do Norte Ceara 04 1 40 45 380
85 Bonito Ceard 04 21 40 36 170
86 Ipueiras Ceard 04 33 40 43 238
87 Tamboril Ceard 04 50 40 20 360
88 Paracuru Ceard 03 23 39 05 10
89 Itapipoca Ceara 03 30 . 39 " 35 a8
g0 ltapagé Ceard 03 41 39 35 280
91 Irauguba Ceard 03 44 39 47 180
92 5. Luiz do Cury Ceard 03 40 39 14 35
93 Caucaia Ceara 03 44 38 39 32
94 Fortaleza (Central) Cears Q3 44 38 32 26
95 Maranguape Ceard 03 53 38 41 67
926 Aquariz Ceard 03 54 338 23 30
97 ' Acaraps Ceard 04 13 38 " 43 76
98 Baturité Ceard 04 20 38 63 123
99 Cascavel Ceard 04 08 38 14 30
100 Cedro Ceard 04 58 39 D4 190
101 Caio Prada Cears 04 39 38 58 m
102 Santa Antdnio de Russas Ceara 04 50 38 10 40
103 Araripe Ceard n7 13 40 o8 605
104 Boa Viagem Cears 05 08 39 44 235

105 Uruqua Ceard 05 09 39 10 214
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TABLE 3, Harmonics and the corresponding periods*®.

S.J. REDDY

Harmonic Significant number of locations (%) Period (class interval)
numbers {years)
0 38 {36.2} ©99.99 (1000.0 - 100.0)
1 41 (39.0) 50.00{ 100.0 . 33.3)
2 45 {42,9) 25.00{( 33.3- 2000
3 21 {20,0} 16.67 { 20.0- 14.3)
4 50 {47.6) 1250( 14.3- 11.1)
5 38 (36.2) 10,00{ 11,1+ 9.1}
6 6 (05,7) 833( 941- 11
7 1 {01.0) 794 T.7- °86.7)
8 4 (03.8) 625( 67- 59
9 21 {20.0) 556( 59- 5.3)
10 14 (13,3} 5.00 | £3- 418)
1 18 (17.1) 4558{ 48- 4.3)
12 23(21.9) 417{ 43- 40
13 17 (16,2} 38{( 40- 3.7
14 16 {15.2) 3571 3.7-  34)
15 23(21.9) 3.33( 34- ‘ 3.2)
16 21{01.9) 3.13 ¢ 3.2- 3.0}
17 1 (01,0} 294( 30. 29
18 0 (00.0) 278( 29- 2.7
19 5 104.8) -263( 27- 28]
20 7 {06.7) 250( 28- 2.4)
21 7 (06,7} 238( 24- 23)
22 4 (03,8} 227( 23- 22)
23 2 {01.9) 217( 22. 2.1)
24 7 (067) 208( 21- 20)
25 31(02.9) 2.00¢( 2.0'- 2,0}

* data polints = 70 and lags = 25

of locations (in percent) are significant out of the
105 locations in different harmonics,

Harmonics 0, 1, 2 and 4-5 are significant at
more than 35% of locations (Table 3), Harmonics
9-15 and 3 are significant at more than 10% of
locations. The band 9-12 harmonics are more
confined to northwestern parts; while the band
12-15 harmonics are more confined to.central
parts. The very high harmonics {16-25) are more
confined to southern parts. The persistence and
the harmonics ‘0’ and '1’ are more confined to
regions above 100§ latitude, while the harmonic
‘2’ is significant at many locations below 508 lat®,
The harmonics 4-5 are significant at locations
above 1008 lat.

3 . Here above and below certain value of latitude refer

to towards the equator and towards south pole respec-
tively,

Pesq. agropec. bras., Brasflia, 19(5):529-543, maio 1984,

Fig. 2 depicts the mean annual precipitation
and its coefficient of variations (CV) at 105 loca-
tions. The CV’s are uniformly lower in South
Bahia State. The CV’s are irregular over 4-80§
lat. belt. .

Fig. 3-7 depict the detailed spectrum results at
few selected locations, The data series present white-
-noise at Fortaleza and Taipu red-noise at the other

 three locations, In all these diagrams the significant

levels (90, 95 and 99%) represent that of white-

“-noise, In fact, the significant levels for red-noise

decrease exponentially from 0 harmonic with
incresing harmonics. Hence, at Concei¢io and Rio
de Contas, respectivelly, the peaks at harmonics
24, 15 and 44, which are not statistically significant
according to white-noise levels, are significant at -
red-noise levels. At Fortaleza, in addition to 0, 1,
2 harmonics, 4 is also significant. At ltabaiana,
hamonics 1, 2, 20 and 25 are significant. At Taipy,
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FIG. 3. Spectrum results of Fortaleza (Ceard) precipita-
tion data,
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"FIG. 4. Spectrum results of Itabaiana {Parafba} precipita
tion data,

B7, Taipu
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FIG. 5. Spectrum results of Taipu {Rio Grande do Norte)
precipitation data.

hamonics 1, 2, 3 and 15 are significant. At Concei-
¢io, the harmionics 0,1, 2, 13 and 24 are significant
while at Rio de Contas harmonics 1, 2, 15 and 21
are significant.

Fig. 8-13 depict the time series of precipitation
expressed as the ratio of average precipitation
ie. P} = [(Pi -j’)!f’] » where P, is the precipitation
of year i, and P is the average precipitation of the
series at few select locations. These series are
compared with the predicted curve estimated as
follows:

Pesq. agropec. bras., Brasilia, 19(5):529-543, maio 1984.
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FIG. 6. Spectrum results of Conceigdo {Paraiba) precipita-

tation data.
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FIG. 7, Spectrum results of Rio de Contas {Bahia)
’ precipitation data.
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From the long-period (133-years) annua! preci-
pitation seri¢s during 1849-1981 of Fortaleza the
P! values are computed and subjected to auto-
regression analysis. This analysis revealed cycles
of 52, 26, 13 and 6.5 years as sighiﬁcant. These
four cycles can be integrated through trignometric
function of the form:

4 2Ai :
lsl-jf AjSm Tj' +¢j-|

were Aj, ¢. and T, respectively stand for amplitude,
phase angfe an&)period'of the cycle j;and i= 1, 2,
3... inwich 1, 2, 3 ... stand for consecutive
years with ¢, répresenting at i= 0 yeat. .

The valdes A. and ¢. are obtained through
iterative regression analysis and are presented in
Table 4. For the four cycles the phase angles are
different while the amplitudes (normalized) of
cycles 1 is same as 4 and 2 is same as 3 with the
amplitude of cycles 2 and 3 is greater than 1 and
4.

Using the data set of Table 4 in the above
equation, the predicted curve (P}} is estimated
with the base year as 1911 {i= 0) and are depicted
in Fig. 8-13 in the case of Fig. 8-11, the predicted
curves are shifted by 3-years.

The agreement between observed (P}) and predic-
ed (P! values is good with few exceptions for
Fottalleza (Fig. 13) and for Rio Grande do Norte
{average of 12-locations) (Fig. 12). The agreement
is poor for locations in Bahia State (Paratinga and
Condeuba - Fig. 8), for Porto Real do Colégio
{Alagoas - Fig. 9) and També (Pernambuco -
Fig. 10), |

At many locations the rainfall pattern presents
below average pattern during 1920-1960 for
about 35 years with few exceptions Petrolina
{Fig. 10), Touras {Fig. 9), També (Fig. 10),
Ipeucas (Fig. 11). By shifting the i~ o year from
1911 to 1914, the agreement between observed
and predicted curves are good for years before
1920’s and after 1955’s at Petrolina, Touras
etc.; and without this shift it agrees more or less in
the case of Sta. Luzia (Fig. 11) and Ipeucas
(Fig. 11). '
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FIG. 8. Time series of Paratinga and Condeuba precipitation.

61. Porto Real do Colégio (Alagoas) 52. Touras {Rio Grande do Norte)
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FIG.9. Time series of Porto Real do Colégio and Touras precipitation.

Pesq. agropec. bras., Brasilia, 19(5):529-543, maio 1984,
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8. Petrolina (Pernambuco) 7. Tambe {Pernambuco}
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FIG 10. Time series of Petrolina and Tambe precipitation.
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FIG. 11, Time Series of Sta. Luzia and Ipeucas precipitation.
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DISCUSSION

Eventhough at many locations the data series

2.3. Joko da Salug present persistence, the spectral density pattern
3. Serra Nogre do Narta . . .

4 Now Crus did not show much difference between locations
. Canjusrerama K . . .

§ Arva Sranca with petsistence and without persistence (Table 2),
g;?n;';;':" The difference in the spectral density patterns
1 E G among the nearby locations is more associated

12, Jucurute

with non-homogeneity in the data series. This
character is also revealed in the coeffficient of
variation {CV) of annual precipitation as irregular
behavior (_Fig. 2) in general CV decreases with
increasing precipitation. These features are clearly
evident in annual rainfall pattern presented in Fig.

14 and 15. Therefore, it is very important to isolate

FIG. 12,

DEVIATIONS FROM AVERAGE

FIG.13.

»n

Time series of the precipitation averages of 12
locations from Rio Grande do Norte,

wn 1952 1872 1952

all those locations that do not fit into the general

pattern of the surrounding locations and correct

YEARS

Lat.: 3946’ Long.; 38°34°30m

them using regression approach or grid method of
extrapolation, The best way of identifying the
non-homogeneous locations is through principal

1,0
3
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0.6 4 _ Predicted
0, 4
0,0 ’|'l!ll|ll. Uil sl (IR lll il L)
| I | “ I T I ] I[ ” I 1385 mm
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1.0 1 T T T T ¥ Y T 1
1849 1870 1890 1910 1930 1950 1970 1950 2010
YEARS

Time saries of Fortaleza [Ceard) precipitation,

Pesq. agropec. bras,, Brasflia, 19(5):529-543, maio 1984,
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TABLE 4. Amplitudes and phases of different cycles in

Fortaleza data.

Cycle . Phase**
Amplitude* -

{Years) mplitude {degrees}

52 0.1875 6.923
26 0.3125 318.462

13 0.3125 110.769

6.5 0.1875 0.000

* Normalized amplitude presents the deviations from the
average as a ratio of averags.

-+

L4

This phase angle corresponds to 1911 at Fortaleza.

Bom Jerdien |1912-1081]
T4r MO 3B m

Petomuts {Bahis}
1R 2.1081)
P XN A0m

s ¥ 5 s EE

ANNUAL FRECIPITATION, mom

FIG. 14, Annua! rainfall pattern at Patamute and Bom
Jardim.

component analysis this is not attempted in this
study.

In terms of significant cycles, the Northeast
Brazil can be divided into three homogeneous
zones, namely: '

Region I - locations above 498 lat.

Region II - locations in between 4-895 lat.

Region 111 - locations below 895 lat.

The boundaries of individual regions are variable
between 4-5 and 8-1098 lat.

In all these regions, harmonics 0, 1 and 2 are
significant at many locations. Harmonics 4-5 are
significant at many locations above 8-10°§ lat.
(ie. Regions I and II). Similarly, harmonies
9-12 and 13-15 are mainly confined to Regions 1
and II; while harmonic 9-12 is more prominent in

Pesq . agropec. bras., Brasilia, 19(5):529-543, maio 1984,
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FIG. 15. Annual rainfall pattern for two growps of loca-

tions in Piauf.

Region I and harmonic 13-15 is more prominent
in Region II. The harmonic 16-25 {QBO) is mainly
significant in Region III. In Region III, the CV of
annual precipitation is more uniform and presents
slightly lower values compared to other regions.
The CV is highly irregular in Region II and next
in order comes Region L

The autoregression analysis of 133-year data
series of Fortaleza (Region 1) during 1849-1981
revealed four cycles, namely 52, 26, 13 e 6.5
years, The first three cyclesare closer to harmonics
1, 2 and 4; while the fourth cycle (6.5 years) is
slightly different from harmonic 9-12 (Fig. 3)
the - latter cycle is not significant in spectrum
analysis of Fortaleza data series. Through iterative
regression the normalized amplitudes and phase
angles for these four cycles are found (Table 4).
It is seen from Table 4 that the amplitudes of
cycles 26 and 13 yearsare slighty higher than those
of 52 and 6.5 years cycles. Strang (1979) reported
a 13-year cycle in Fortaleza data. Girardi (1983)
reported 26-year cycle. Carlos et al. {1982) found
cycles 26 and 13 years as significant. However,
they stated that these two cycles explained only
24% of variance in the data series. Reddy (1977)
found cycle of 52-years in the data of onset of
monsoon over a low latitude Kerala Coast (India).
However, this cycle lags behind about 15-years
to Fortaleza data. In the case of South Africa at
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a slightly higher latitude zone cycles of 60, 30, 20
and 10 are significant (Reddy & Singh 1981).

The integrated curve from these four cycles
(Table 4) matches well with those locations in
Region I and II. The matching is very poor in the
case of Region 1II. Few locations present good
agreement between observed and predicted curves
pricr to 1920’s and later 1955%. There is a discre-
pency during 1920’s to 1955’s. Fig, 15 depicts the
rainfall pattern of two groups of locations in Piauf,
During 1920’s to 1955’s the two groups present
opposite behaviour. Similar pattern is also evident
in Rio Grande do Norte. However, the average
pattern presents the solid line pattern (Fig. 12).

The observed cyclic variations in the climatic
parameters were attributed to several forms of
solar and lunar phenomena However, the pre'sent
data series did not show any relation to either
single or double sunspot cycles.

The major differences in the observed cycles
in Region Il when compared to Regions I and II
may be due to the differences in the mechanisms
that bring precipitation over these regions of the
Northeast Brazil.

CONCLUSIONS

1. According to the cycles that are present in
the annual precipitation data, the Northeast Brazil
(excluding Maranhdo and Piaui) could be divided
into three homogeneous zones, namely: Region 1
comprises regions above 4-59S lat.; Region III
comprises of regions below 8-10°S lat.; and in
between these two regions Region 1.

2. It is evident from the auto-regression analysis
that in Region I, the dry period (below average
precipitation) commenced in 1979 may continue
upto 1995 with a break for three years in 1988-
1990, The wet period {above average precipita-
tion) may commence in 1996 and terminate in
2003. Similar patterns are not evident clearly
in Regions II and III, eventhough Region II
resembles Region L.

3. The precipitation data of some locations
present a non-homogeneity with time. This
emphasises the importance of the checking and
correcting the data series of different stations

543

of the Northeast Brasil before they are actually
used in any study.

4. The differences in the observed periodicities
in the precipitation data may be due to either non-
-homogeneity in the data series or due to the dif-
ferences in the mechanisms that bring precipita-
tion to different parts of the Northeast Brazil
or both,
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