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ABSTRACT. An analysis of the rainfall series (12-month rumghimeans) of the 5° x Sfridded data in the
Amazon river basin and its vicinity (15° N — 20°3° - 80° W) indicated that the rainfalls weretijgvariable both
from year to year and from region to region. Catiehs with even nearby regions hardly exceede@, Qttough
correlations were better (up to 0.70) in the regioear the eastern coast of Brazil. Moderate cglghip with ENSO
indices was obtained for the Amazon river basin #me regions to its north, and for NE Brazil, whileoderate
relationship with South Atlantic SST was obtained fNE Brazil and the region immediately to itssiveAll other
relationships (with 30 hPa wind, North Atlantic @stion Index, etc.) were obscure.

Key words— ENSO, SST, OLR, Sub-tropical westerly jets, ktepical convergence zone.

1. Introduction Amazon basin, Marengo (1992) mentioned that whereas
northern Amazonia showed strong El Nifio signals,
The Amazon basin plays a very prominent role in the southern Amazonia seemed to be more independé#it of
South American region. The precipitation may vary Nifio, and rainfall anomalies in northern Amazoniarev
considerably from one small region to another msame  associated with distinct circulation patterns ia thopical
basin. In coastal Peru, heavy rainfall is consideas one  Atlantic. Also, ENSO effects may be different for
of the criteria for identifying an El Nifio event @@n et different sizes of the basins. Marengo and Hastenra
al., 1978, 1987; Quinn, 1992). Recently, Kane (2000) (1993) presented case studies for the moderatelyear
showed that the rainfall characteristics at Huaocay 1986 and the extremely dry El Nifio year 1983 inttmem
(central Peruvian Andes) were different from thafe  Amazonia, where differences in locations of inteptcal
coastal Peru. Tarras-Wahlbeetj al (2003) showed that convergence zone (ITCZ), strength of subtropicadtesmy
for rainfall patterns and river flows in southweste jets (STWJ), and vertical motions and convectioardhe
Ecuador and northern Peru, El Nifio events were itapdb Amazon basin were noticed. Zeng (1999) made an
in regulating rainfall, but their significance dmghed analysis of the Amazon basin hydrological cyclengsi
inland of the coastal plain. On the other hand, BNS data of rainfall and historical Amazon River disc®and
effects on rainfall in South America are reportedbe reported a correlation with ENSO (ElI Nifio/Southern
mostly droughts in NE Brazil and excess rains ie th Oscillation) of 0.8 for 1985-1993 and 0.56 for 19//%96.
southern parts, including Chile (Quinn and Neal83;9 Fuet al.(1999) examined the influence of atmosphere and
Aceituno, 1988; Ropelewski and Halpert, 1987, 1989; land surface on the seasonal changes of conveictithre
Rutland and Fuenzalida, 1991; Pisciotteatoal, 1994; tropical Amazon, while Fuet al. (2001) explored the
Diaz et al, 1998; Grimmet al, 1998; Robertsort al, influence of tropical SST on the seasonal distrdyut
2001; see detailed references in Kane, 2002). Rer t of precipitation in the equatorial Amazon. Marerg al
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Fig. 1. Map of the Amazon basin and its vicinity, latiteds° N - 20° S, longitudes 30° - 80° W

(1993) reported that abundant rainy seasons irh@ort  association between SST anomalies in the tropical
Amazonia were associated with cold SST in the tapi Atlantic and Pacific and the onset and end datgsits of
eastern Pacific and negative/positive anomalieshia the Amazon. Liebmann and Marengo (2001) found that
tropical North/South Atlantic, accelerated Northdesdes areas of rainfall exhibiting strong relationshipttwiSST
and a southward displaced ITCZ. Liebmastral (1998) were confined to the equatorial region of the Braazi
compared the rainfall, Outgoing Longwave Radiation Amazon.

(OLR) and divergence over the Amazon basin anddoun

moderate correlation (~0.6 or less). The major aeas In the present communication, the rainfall
transitions from dry to rainy regimes were captuvesl| characteristics are examined for the Amazon basihiiz

by OLR while the mean diurnal cycle was representedvicinity for a fine latitude-longitude grid of 5° 5°, in the
reasonably well by the 150 hPa divergence. Marengd broad range of 15° N - 20° S, 80° W - 30° W, whigre
(2001) examined the onset and end of the rainyoseims  river Amazon and its tributaries are mainly in ttamge

the Brazilian Amazon basin and found an apparent0-10° S, 70 - 50° W (Fig. 1).
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Fig. 2. Correlations between adjacent grids (B1 with B2 with B3 etc., B1 with C1, C1 with D1, etc.). @Gaations 0.50 or more are circled

2. Data

Data for gridded rainfall (Mitche#t al 2002) were
obtained from the website http://www.cru.uea.lcuw/
data/hrg.htm. Data for seven climatic indices, ngm@)

30 hPa low latitude zonal wind, EI Nifilo/Southern
Oscillation (ENSO) indices (2) Southern Oscillationex
represented by Tabhiti (T) minus Darwin (D) atmospmhe
pressure difference T-D; and (3) Pacific Sea serfa
temperature SST for region Nino 1 +2,0-10° &, 9
80° W), (4) North Atlantic Oscillation (NAO) X, (5)
North Atlantic SST, (6) South Atlantic SST, (7)opical
Atlantic SST, were obtained from the websites
http://www.cpc.ncep.noaa.gov/data/indices/, htywmi.
cru.uea.ac.uk/ftpdata/nao.dat. For rainfall, thigsude and
longitude belts were designated as :

Alat. 15°N-10N 1Llong. 80°W -75°W
B Lat. 10° N - 05N 2Long. 75°W-70°W
C Lat. 05°N-00° 3 Long. 70°W -65°W
D Lat. 00°-05°S 4 Long. 65°W -60°W
E Lat. 05°S-10S% 5Long. 60°W -55°W
F Lat. 10°S-15% 6 Long. 55°W -50°W
G Lat. 15°S-203 7 Long. 50°W -45°W

8 Long. 45°W -40°W

9 Long. 40°W -35°W

10Long. 35° W - 30° W

Reliable continuous data for rainfall were avaiabl
only for 1965-1990.
3. Climatology
The average rainfall seasons were not similaafior
grids. Details of the climatology are not studieereh
Instead, the average monthly values (climatologsg
subtracted from the monthly values and thus, deseas
monthly values are obtained. For further smoothing,
12-month running means are calculated.
4. Intercorrelations of rainfall series
To see whether the rainfall variations were simiitar
any regions, the yearly values are intercorrelatedy. 2
shows the correlation values (x100) for adjacegtores
(A2 with A3, A3 with A4 etc.; A2 with B2, B2 with £
etc.). As can be seen, many correlations are vany |
even negative. Correlations of 0.50 or more arekethby
circles. Most of these are near the coastal aretieeieast
part of the S. American continent. Thus, in thd céghe
region, individual grids have intercorrelations dethan
0.50, indicating only ~25% coherence, and largeloan
componentsj.e., highly localized characteristics due to
various geographical reasons, including orographic
effects. As such, global effects would be diluted.
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Fig. 3. Plots of the 12-month running means 3 months afdastalues per year) for 1965-1990 for climatic

indices (1) 30 hPa wind; (2) ENSO index T-D; (3)&Nindex SST Nino 1+2 in Pacific; (5, 6, 7), SST in
North, South and Tropical Atlantic, and rainfalfies (8-14) for latitudes A-G in the longitude thél
(60° - 65° W). Positive deviations are painted kland negative deviations are shown hatched (fbr T-
plot 2, negative deviations implying El Nifios ar@med black and positive are shown hatched). For
30 hPa wind (plot 1), maxima are indicated by dwotd numbers indicate spacings in months between
successive maxima. Arrows imply: pointing downinfall deficit; pointing up - rainfall excess; caes -

no effect

5. A sampleplot

(4 values per year) for the longitude belt 4 (6@5< W)
for latitudes A-G (15° N - 20° S). Positive dewviats

Fig. 3 (lower half) shows a sample plot of the 12- (excess rains) are shown black, and negative dengat

month running means of rainfall, centered 3 moiaibart

(deficit rains) are shown hatched. The upper hafig. 3
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Figs. 4(a-f). Correlations of rainfalls in various grids with @) hPa wind, (b) ENSO index T-D, (c) North Atlanti

Oscillation Index NAO, (d, e, f) North Atlantic, 8t Atlantic and Tropical Atlantic SST. Crosseswho
missing data. Small, medium and big circles indicatrrelations in the ranges 0.40-0.50, 0.50-0&fiie
than 0.60. Full shaded circles indicate positiveatations and open circles indicate negative ¢atirns

shows plots for seven climatic indices considered f indicating El Nifios. There were five major El Nifio
relationship with rainfall. The top plot is for 3tPa low events, in 1965, 1972, 1976-1977, 1982-1983, 19851

latitude zonal winds

and shows mainly a Quasi-b@nn with spacings of 84, ~54, 72, and 48 months (4-drg)e

oscillation (QBO) with peak spacings in the rande33 Their relationship with rainfalls is indicated byr@ws on
months (1.8-2.8 years). The next plot is for theitBern the rainfall plots, a downward pointing arrow imiply
Oscillation Index T-D. The negative values are show deficit rainfall, an upward pointing arrow implyirexcess

black and indicate th
is for Pacific SST for

e presence of El Nifios. Tire ghlot rainfall, and a cross implying no effect. As candeen,
the Nino 1+2 region (0 - 19°90° - some latitudes show deficit rains, others show sxce

80° W), and the positive values are shown blackirag rains, and some show no relationship at aboAhot all
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El Nifios are equally effective. In addition, seVeteficit with T-D, negative with SST, orice versy Hence, only
rainfalls seem to have occurred when there weré&iho T-D is considered. Figs. 4(a-f) shows the corretatifor
Niflos. Thus, rainfall relationship with El Nifio/Sbern each grid of rainfall (latitudes A-G, longitudesl®) with
Oscillation (ENSO) phenomenon is highly variablenfr six climatic indices (a) 30 hPa wind, (b) T-D, (dAO,
region to region and is uncertain. Plots similaFig. 3 for (d) North Atlantic SST, (e) South Atlantic SST, (f)
longitude belt 4, were made for other longitudets€l -3, Tropical Atlantic SST. The crosses indicate missing
5-10). All showed similar uncertainties and variidpiof rainfall data (grids A1, C5, E3, E6, F2, F6, GBositive
ENSO effects. Some of the variations in rainfa#lynmot correlations are shown with full circles of diffatesizes:

be related to ENSO but may be related to othempatiers small, correlation 0.40-0.50; moderate, 0.50-0.6@ge,

(NAO, Atlantic SST, etc.). 0.60 and more (classification arbitrary). Negative
correlations are shown with open circles, in simd&ze
6. Rainfall correlationswith climatic indices ranges. The following may be noted:

The various rainfall series were correlated with (i) In (a), there are only three small correlatioose
seven climatic indices. The ENSO indices T-D andifita moderate correlation, and no large correlationsusTh
SST showed almost exactly opposite correlationsi{jpe relationship with 30 hPa wind is almost non-existen
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(i) In (b), there are large correlations with T-Dyim a
restricted region (B5, B6, C6, D3, D5, D6) whichmsists
of the Amazon river and the regions to its norttoddrate
correlations are seen in D, E, F; 7, 8, 9, 10, Wwhicthe
region NE Brazil.

(iii) In (c), the NAO has virtually no moderate or karg
correlations in any region.

(iv) In (d), the North Atlantic SST has large negative
correlations mostly for NE Brazil.

(v) In (e), the South Atlantic SST has large positive
correlations with NE Brazil and the region immedigtto
its west.

(vi) In (f), the tropical Atlantic seems to have a faigh
negative correlations in the region north of Amazaver
(Guyana, Surinam).

Overall, the T-D and South Atlantic SST seem to
have a reasonably good relationship with rainfallthie
Amazon basin and the NE Brazil. All other relatibips
are poor.

7. Spectral analysis
To obtain quantitative estimates of the spectral
characteristics of the inter-annual variabilitye theries in

Fig. 3 (about 100 seasonal values) were subjeated t
spectral analysis by MEM (Maximum Entropy Method,

357

Figs. 5(a&b) shows the spectra (amplitudesisus
periodicitiesT detected by MEM) for the seven climatic
indices and for the various rainfall series. Onlgaks
significant at a @ or better level are shown. The
following may be noted:

(i) The first row refers to the seven climatic indice

(i) The 30 hPa wind has only QBOs, one prominent
periodicity at 2.3 years (28 months) and a subsidia
periodicity at 2.7 years (32 months), resultinghia wide
range of spacings (21-33 months) in the 30 hPa iplot
Fig. 3.

(i) The ENSO indices T-D and Pacific SST are
characterized by two prominent periodicities at (€3 O,
quasi-triennial oscillation) and 4.9 years and bsgliary
periodicity at 2.6 years (QBO).

(iv) NAO has one major periodicity at 4.1 years and a
minor periodicity at 2.1 years (QBO, different fratime
2.3 years of 30 hPa wind or 2.6 years of ENSO ggjic

(v) The North Atlantic and Tropical Atlantic SST haxe
major periodicity at ~3.5 years (QTO) and a minor
periodicity at ~4.8 years, almost the same as 8&rsy
(QTO) and 4.9 years of the ENSO indices. Hence, the
effects of North and Tropical Atlantic SST cannat b
distinguished from those of ENSO indices.

(vi) The South Atlantic SST has a major periodicity at

Burg, 1967; Ulrych and Bishop, 1975), which locates 5 5 years (QBO, same as 2.3 of 30 hPa wind) anharm

peaks much more accurately than the conventional BT

(Blackman and Tukey, 1958) method. However, the
amplitude (Power) estimates in MEM are not veriatgé
(Kane, 1977, 1979; Kane and Trivedi, 1982). Hence,
MEM was used only for detecting all the possiblakse

Tk (k = 1 ton), using LPEF (Length of the Prediction Error
Filter) as 50% of the data length. Thégevere then used

in the expression:

()= A+ [ sin2at/T, )+, cof2nt/T, )] + E

k=1

=A +Z:rk sin(2nt/T, +@ )+E

k=1

where f (t) is the observed series aidthe error
factor. A Multiple Regression Analysis (MRA, Beviiog.
1969) was then carried out to estimagda,. b,), and their

periodicity at 3.9 years (different from the 3.5ag® of
ENSO indices, but almost similar to 4.1 years ofQNA

The other rows show the spectra for the various
rainfall series (latitudes A-G, longitudes 1-10@llBwing
may be noted:

(i) The periodicities are not all similar in all theinfall
grids, as expected. Characteristics are partlylainand
partly different.

(i) Most of the rainfall series have a small but
statistically significant (aboved peak near 1.7-1.9 years
(20-23 months). No climatic index has such a peak.

(i) Many rainfall series have prominent QTOs near 3.5

standard errors (by a least-square fit). From theseYears and subsidiary peaks in the QBO region, thus

amplitudesr, and their standard errax (common for all
re in this methodology, which assumes white noisejewe
calculated. Anyr, exceeding & is significant at a 95%
(a priori) confidence level.

indicating ENSO influence. However, a few regions
(marked by a full dot) namely, D6; E4, E5; F4, k&,
have a QBO (2.0-2.7 years) more prominent than the
QTOs. These regions are to the south of the Amaxzen
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up to the Bolivian border (Fig. 1) and their raitgé may ENSO effects in different parts of the globe have
be related to 30 hPa winds (QBOs at 2.3 years and 2 been reported since long (Ropelewski and Halp&8&71
years) or South Atlantic SST (major QBO at 2.2 gear 1989) but these are never one-to-one. Also, theseften
distorted by other effects. For example, in southgart of
(iv) Many regions show periodicities at 3.5-3.6 years South America (including southern Brazil), El Nifiase
(11 regions: A3; B1; C1, C6; D5, D7, D8; E1, E9; BE%) very well related to excess rains, but in NE Brakoiv

and 4.7-5.0 years (8 regions: A4, A5; B1, B2, B3; B2; latitude Atlantic temperature increases combinedh wi
G6) and these probably indicate ENSO effects (ortiNo favorable winds towards the Brazilian coast camdiin
and Tropical Atlantic SST effects) near 3.5 andy&érs. moisture which may neutralize the drought-like dtads

caused by EIl Nifios. In other parts of the world, toiher
(v) Some regions show periodicities at 3.1-3.4 yearsfactors complicate the ENSO relationship. In India,
(7 regions : B2; D2, D3; F4, F5; G3, G7), which ac interannual variability of All India summer monsoon
similar to the ENSO indices or to any other cliroatidex. rainfall and its relationship with ENSO as well with
other factors (snow mass covers etc.) has beestrdhed
(vi) Some regions show 3.7 years (7 regions: C3, @4; D by many workers (Kripalanét al, 1996, 2003; Krishna
D4, D6; E8, E10), 3.8 years (A2; F1), 3.9 years;(E?; Kumar et al, 1999; Krishnamurthy and Goswami, 2000;
F3; G2), 4.0 years (D9; F7, F8), 4.1 years (B}, years Rajeevan and McPhaden, 2004), and prediction scheme
(B5), 4.5 years (G5), which are significantly largkan are used with eight or more parameters where omyi®
the ~3.5 years and smaller than the 4.7-5.0 yewgeraf ENSO (Thapliyal and Rajeevan, 2003). In the Amazon
the ENSO indices, and cannot be identified basin, one would have expected that the vicinityth®e
unambiguously as ENSO effects but some could bePeru-Ecuador coast (birth place of El Nifio) woudgduit
related to the 4.1 years of NAO and the 3.9 yea&oath in strong ENSO effects. This does not seem to happe
Atlantic SST. probably because of other interfering effects ltkese
related to tropical Atlantic, or local circulatigmatterns
Overall, no effects are overwhelming (earlier, related to orographic effects, etc.
correlations hardly exceeding 0.7, so 50% or more
variance remained unexplained), but moderate ENSO

effects and/or South Atlantic SST effects exist $ome The spectral peaks in the Amazon rainfall series in

regions. This agrees with the correlation indigadioof the range 1.7-1.9 years (20-23 months) are intigui

Fig. 4. Indian rainfall series do not show significant peak this
range (Kane, 1999), but some solar, interplanetarg

8. Conclusionsand discussion geomagnetic parameters do show peaks in this range

(Kane, 2005). The possible connection with rainfelties
An analysis of the rainfall series (12-month rumnin is not obvious and needs further exploration.
means) of the 5° x 5jridded data in the Amazon river
basin and its vicinity (15° N - 20° S, 30° - 80° W)
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