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lkj & vestu unh csflu vkSj blds fudVorhZ {ks=ksa ¼15° m-& 20° n-] 30° & 80° i-½ dh o"kkZ ds 

5°× 5° xzhM;qDr vkadM+ksa dh Ja[kykvksa ¼12 ekg dh vof/k ds xfreku ek/;ksa½ dk fo’ys"k.k djus ls ;g irk 
pyk gS fd bl nkSjku gqbZ o"kkZ izfr o"kZ vkSj izfr {ks= nksuksa esa vR;kf/kd :Ik ls ifjorZu’khy jgh gSA ;gk¡ rd 
fd fudVorhZ {ks=ksa ds lkFk lglac/ak  0-50 ls vf/kd ugha jgs gS tcfd ;s lglaca/k ckzthy ds iwohZ rV ds 
fudVorhZ {ks=ksa esa blls csgrj ¼0-70 rd½ ik, x, gSaA bulks ds v{kkadksa lesr vest+u unh csflu vkSj blds 
mRrj esa fLFkr {ks=ksa rFkk mRrjiwohZ czkthy ds lkFk lkekU; laca/k jgs gSaA tcfd nf{k.k ,VykafVd ,l- ,l- 
Vh- ds lkFk mRrjiwohZ czkthy vkSj blds if’pe ds ,dne fudVorhZ {ks=ksa ds lkekU; laca/k jgs gSaA vu; lHkh 
laca/k ¼30 gS- ik- iou] mRrjh ,VykafVd nksyu lwpdkad vkfn lfgr½ vLi"V FksA 

 
ABSTRACT. An analysis of the rainfall series (12-month running means) of the 5° × 5° gridded data in the 

Amazon river basin and its vicinity (15° N – 20° S, 30° - 80° W) indicated that the rainfalls were highly variable both 
from year to year and from region to region. Correlations with even nearby regions hardly exceeded 0.50, though 
correlations were better (up to 0.70) in the regions near the eastern coast of Brazil. Moderate relationship with ENSO 
indices was obtained for the Amazon river basin and the regions to its north, and for NE Brazil, while moderate 
relationship with South Atlantic SST was obtained for  NE Brazil and  the region immediately to its west. All other 
relationships (with 30 hPa wind, North Atlantic Oscillation Index, etc.) were obscure. 

 
Key words – ENSO, SST, OLR, Sub-tropical westerly jets, Inter-tropical convergence zone. 

 
 
 
1. Introduction 
 

The Amazon basin plays a very prominent role in the 
South American region. The precipitation may vary 
considerably from one small region to another in the same 
basin. In coastal Peru, heavy rainfall is considered as one 
of the criteria for identifying an El Niño event (Quinn et 
al., 1978, 1987; Quinn, 1992). Recently, Kane (2000) 
showed that the rainfall characteristics at Huancayo 
(central Peruvian Andes) were different from those of 
coastal Peru. Tarras-Wahlberg et al. (2003) showed that 
for rainfall patterns and river flows in southwestern 
Ecuador and northern Peru, El Niño events were important 
in regulating rainfall, but their significance diminished 
inland of the coastal plain. On the other hand, ENSO 
effects on rainfall in South America are reported to be 
mostly droughts in NE Brazil and excess rains in the 
southern parts, including Chile (Quinn and Neal, 1983; 
Aceituno, 1988; Ropelewski and Halpert, 1987, 1989; 
Rutland and Fuenzalida, 1991; Pisciottano et al., 1994; 
Diaz et al., 1998; Grimm et al., 1998; Robertson et al., 
2001; see detailed references in Kane, 2002). For the 

Amazon basin, Marengo (1992) mentioned that whereas 
northern Amazonia showed strong El Niño signals, 
southern Amazonia seemed to be more independent of El 
Niño, and rainfall anomalies in northern Amazonia were 
associated with distinct circulation patterns in the tropical 
Atlantic. Also, ENSO effects may be different for 
different sizes of the basins. Marengo and Hastenrath 
(1993) presented case studies for the moderately wet year 
1986 and the extremely dry El Niño year 1983 in northern 
Amazonia, where differences in locations of inter-tropical 
convergence zone (ITCZ), strength of subtropical westerly 
jets (STWJ), and vertical motions and convection over the 
Amazon basin were noticed. Zeng (1999) made an 
analysis of the Amazon basin hydrological cycle using 
data of rainfall and historical Amazon River discharge and 
reported a correlation with ENSO (El Niño/Southern 
Oscillation) of 0.8 for 1985-1993 and 0.56 for 1979-1996. 
Fu et al. (1999) examined the influence of atmosphere and 
land surface on the seasonal changes of convection in the 
tropical Amazon, while Fu et al. (2001) explored the 
influence of tropical SST on the seasonal distribution         
of  precipitation in the equatorial Amazon.  Marengo et al.  
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Fig. 1.  Map of the Amazon basin and its vicinity, latitudes 15° N - 20° S, longitudes 30° -  80° W 

 
 
 
(1993) reported that abundant rainy seasons in northern 
Amazonia were associated with cold SST in the tropical 
eastern Pacific and negative/positive anomalies in the 
tropical North/South Atlantic, accelerated Northeast trades 
and a southward displaced ITCZ. Liebmann et al. (1998) 
compared the rainfall, Outgoing Longwave Radiation 
(OLR) and divergence over the Amazon basin and found 
moderate correlation (~0.6 or less). The major seasonal 
transitions from dry to rainy regimes were captured well 
by OLR while the mean diurnal cycle was represented 
reasonably well by the 150 hPa divergence. Marengo et al. 
(2001) examined the onset and end of the rainy season in 
the Brazilian Amazon basin and found an apparent 

association between SST anomalies in the tropical 
Atlantic and Pacific and the onset and end dates in parts of 
the Amazon. Liebmann and Marengo (2001) found that 
areas of rainfall exhibiting strong relationship with SST 
were confined to the equatorial region of the Brazilian 
Amazon. 
 

In the present communication, the rainfall 
characteristics are examined for the Amazon basin and its 
vicinity for a fine latitude-longitude grid of 5° × 5°, in the 
broad range of 15° N - 20° S, 80° W - 30° W, where the 
river Amazon and its tributaries are mainly in the range    
0-10° S, 70 - 50° W (Fig. 1). 
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Fig. 2.  Correlations between adjacent grids (B1 with B2, B2 with B3 etc., B1 with C1, C1 with D1, etc.). Correlations 0.50 or more are circled 
 
 
2. Data 
 

Data for gridded   rainfall (Mitchell et al. 2002) were 
obtained from the website   http://www.cru.uea.ac.uk/cru/ 
data/hrg.htm. Data for seven climatic indices, namely, (1) 
30 hPa low latitude zonal wind, El Niño/Southern 
Oscillation (ENSO) indices (2) Southern Oscillation Index 
represented by Tahiti (T) minus Darwin (D) atmospheric 
pressure difference  T-D; and (3) Pacific Sea surface 
temperature SST for region Nino 1 + 2, 0 - 10° S, 90° - 
80° W), (4) North Atlantic   Oscillation (NAO)  Index, (5) 
North Atlantic SST, (6)  South Atlantic SST, (7) Tropical 
Atlantic SST, were obtained from the websites 
http://www.cpc.ncep.noaa.gov/data/indices/, http://www. 
cru.uea.ac.uk/ftpdata/nao.dat. For rainfall, the latitude and 
longitude   belts were designated as : 
 
A Lat. 15° N - 10° N                            1 Long.    80° W - 75° W 
B Lat. 10° N - 05° N                           2 Long.    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 - 10° S                            5 Long.    60° W - 55° W 
F Lat. 10° S - 15° S                            6 Long.    55° W - 50° W 
G Lat. 15° S - 20° S                            7 Long.    50° W - 45° W 
  8 Long.    45° W - 40° W 
  9 Long.    40° W - 35° W 
  10 Long.    35° W - 30° W 

Reliable continuous data for rainfall were available 
only for 1965-1990. 
 
3.  Climatology 
 

The average rainfall   seasons were not similar for all 
grids. Details of the climatology are not studied here. 
Instead, the average monthly values  (climatology) are 
subtracted from the monthly values and thus, deseasoned 
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 similar in 
any regions, the yearly values are intercorrelated.  Fig. 2 
shows the correlation values (×100) for adjacent regions 
(A2 with A3, A3 with A4 etc.; A2 with B2, B2 with C2, 
etc.). As can be seen, many correlations are very low, 
even negative. Correlations of 0.50 or more are marked by 
circles. Most of these are near the coastal areas in the east 
part of the S. American continent. Thus, in the rest of the 
region, individual grids have intercorrelations less than 
0.50, indicating only ~25% coherence, and large random 
components, i.e., highly localized characteristics due to 
various geographical reasons, including orographic 
effects. As such, global effects would be diluted.  

 

http://www.cru.uea.ac.uk/cru/%20data/hrg.htm�
http://www.cru.uea.ac.uk/cru/%20data/hrg.htm�
http://www.cru.uea.ac.uk/cru/%20data/hrg.htm�
http://www.cpc.ncep.noaa.gov/data/indices/�
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Fig. 3.  Plots of the 12-month running means 3 months apart (4 values per year) for 1965-1990 for climatic 
indices (1) 30 hPa wind; (2) ENSO index T-D; (3) ENSO index SST Nino 1+2 in Pacific; (5, 6, 7), SST in 
North, South and Tropical Atlantic, and rainfall series (8-14) for latitudes A-G in the  longitude belt 4 
(60° - 65° W). Positive deviations are painted black and negative deviations are shown hatched (for T-D 
plot 2, negative deviations implying El Niños are painted black and positive are shown hatched). For          
30 hPa wind (plot 1), maxima are indicated by dots and numbers indicate spacings in months between 
successive maxima. Arrows imply: pointing down - rainfall deficit; pointing up - rainfall excess; crosses - 
no effect 

 
 
5.  A sample plot 
 

Fig. 3 (lower half) shows a sample plot of the 12-
month running means of rainfall, centered 3 months apart 

(4 values per year) for the longitude belt 4 (60° - 65° W) 
for latitudes A-G (15° N - 20° S). Positive deviations 
(excess rains) are shown black, and negative deviations 
(deficit rains) are shown hatched. The upper half of Fig. 3  
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Figs. 4(a-f).  Correlations of rainfalls in various grids with (a) 30 hPa wind, (b) ENSO index T-D, (c) North Atlantic 

Oscillation Index NAO, (d, e, f) North Atlantic, South Atlantic and Tropical Atlantic SST. Crosses show 
missing data. Small, medium and big circles indicate correlations in the ranges 0.40-0.50, 0.50-0.60, more 
than 0.60. Full shaded circles indicate positive correlations and open circles indicate negative correlations 

 
 
 
 
shows plots for seven climatic indices considered for 
relationship with rainfall. The top plot is for 30 hPa low 
latitude zonal winds and shows mainly a Quasi-biennial 
oscillation (QBO) with peak spacings in the range 21-33 
months (1.8-2.8 years). The next plot is for the Southern 
Oscillation Index T-D. The negative values are shown 
black and indicate the presence of El Niños. The third plot 
is for Pacific SST for the Nino 1+2 region (0 - 10° S, 90° -
80° W), and the positive values are shown black, again 

indicating El Niños. There were five major El Niño 
events, in 1965, 1972, 1976-1977, 1982-1983, 1986-1987, 
with spacings of 84, ~54, 72, and 48 months (4-7 years). 
Their relationship with rainfalls is indicated by arrows on 
the rainfall plots, a downward pointing arrow implying 
deficit rainfall, an upward pointing arrow implying excess 
rainfall, and a cross implying no effect. As can be seen, 
some latitudes show deficit rains, others show excess 
rains,  and  some  show  no relationship at all. Also, not all  
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Figs. 5(a&b).  Spectra amplitudes versus periodicities T detected by MEM for 1965-1990,  for (a) climatic indices and (b) rainfalls in 
latitudes A-G, longitudes 1-10. Numbers are periodicities T in years 

 
 
 
El Niños are equally effective. In addition, several deficit 
rainfalls seem to have occurred when there were no El 
Niños. Thus, rainfall relationship with El Niño/Southern 
Oscillation (ENSO) phenomenon is highly variable from 
region to region and is uncertain. Plots similar to Fig. 3 for 
longitude belt 4, were made for other longitude belts (1-3, 
5-10). All showed similar uncertainties and variability of 
ENSO effects.  Some of the variations in rainfall may not 
be related to ENSO but may be related to other parameters 
(NAO, Atlantic SST, etc.).  
 
6.  Rainfall correlations with climatic indices 
 

The various rainfall series were correlated with 
seven climatic indices. The ENSO indices T-D and Pacific 
SST showed almost exactly opposite correlations (positive 

with T-D, negative with SST, or vice versa). Hence, only 
T-D is considered. Figs. 4(a-f) shows the correlations for 
each grid of rainfall (latitudes A-G, longitudes 1-10) with 
six climatic indices (a) 30 hPa wind, (b) T-D, (c) NAO, 
(d) North Atlantic SST, (e) South Atlantic SST, (f) 
Tropical Atlantic SST. The crosses indicate missing 
rainfall data (grids A1, C5, E3, E6, F2, F6, G1).  Positive 
correlations are shown with full circles of different sizes: 
small, correlation 0.40-0.50; moderate, 0.50-0.60; large, 
0.60 and more (classification arbitrary). Negative 
correlations are shown with open circles, in similar size 
ranges. The following may be noted: 
 
(i) In (a), there are only three small correlations, one 
moderate correlation, and no large correlations. Thus, 
relationship with 30 hPa wind is almost non-existent. 
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(ii) In (b), there are large correlations with T-D only in a 
restricted region (B5, B6, C6, D3, D5, D6) which consists 
of the Amazon river and the regions to its north. Moderate 
correlations are seen in D, E, F; 7, 8, 9, 10, which is the 
region NE Brazil. 
 
(iii) In (c), the NAO has virtually no moderate or large 
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 immediately to 
its west. 
 
(vi) In (f), the tropical Atlantic seems to have a few high 
negative correlations in the region north of Amazon  river 
(Guyana, Surinam). 
 

Overall, the T-D and South Atlantic SST seem to 
have a reasonably good relationship with rainfall in the 
Amazon basin and the NE Brazil. All other relationships 
are poor. 
 
7.  Spectral analysis 
 

To obtain quantitative estimates of the spectral 
characteristics of the inter-annual variability, the series in 
Fig. 3 (about 100 seasonal values) were subjected to 
spectral analysis by   MEM (Maximum Entropy Method, 
Burg, 1967; Ulrych and Bishop, 1975), which locates 
peaks much more accurately than the conventional BT 
(Blackman and Tukey, 1958) method. However, the 
amplitude (Power) estimates in MEM are not very reliable 
(Kane, 1977, 1979; Kane and Trivedi, 1982). Hence, 
MEM was used only for detecting all the possible peaks  
Tk (k = 1 to n), using LPEF (Length of the Prediction Error 
Filter) as 50% of the data length. These Tk were then used 
in the expression: 
 

( ) ( ) ( )[ ] ETtbTtaAtf
n

k
kkkk +++= ∑

=1
o π2cosπ2sin  

       ( ) ETtrA
n

k
kkk +++= ∑

=1
o π2sin φ  

 
where  f (t) is the observed series and E the error 

factor. A Multiple Regression Analysis (MRA, Bevington. 
1969) was then carried out to estimate Ao (ak. bk), and their 
standard errors (by a least-square fit). From these, 
amplitudes rk and their standard error σk (common for all 
rk in this methodology, which assumes white noise) were 
calculated. Any  rk  exceeding 2σ is significant at a 95%  
(a priori) confidence level.  

Figs. 5(a&b) shows the spectra (amplitudes, versus 
periodicities T detected by MEM)  for the seven climatic 
indices and for the various rainfall series. Only peaks 
significant at a 2σ or better level are shown. The 
following may be noted: 
 
(i) The first row refers to the seven climatic indices. 
 
(ii) The 30 hPa wind has only QBOs, one prominent 
periodicity at 2.3 years (28 months) and a subsidiary 
periodicity at 2.7 years (32 months), resulting in the wide 
range of spacings (21-33 months) in the 30 hPa plot in 
Fig. 3. 
 
(iii) The ENSO indices T-D and Pacific SST are 
characterized by two prominent periodicities at 3.5 (QTO, 
quasi-triennial oscillation) and 4.9 years and a subsidiary 
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 from the 
2.3 years of 30 hPa wind or 2.6 years of ENSO indices). 
 
(v) The North Atlantic and Tropical Atlantic SST have a 
major periodicity at ~3.5 years (QTO) and a minor 
periodicity at ~4.8 years, almost the same as 3.5 years 
(QTO) and 4.9 years of the ENSO indices. Hence, the 
effects of North and Tropical Atlantic SST cannot be 
distinguished from those of ENSO indices. 
 
(vi) The South Atlantic SST has a major periodicity at 
2.2 years (QBO, same as 2.3 of 30 hPa wind) and a minor 
periodicity at 3.9 years (different from the 3.5 years of 
ENSO indices, but almost similar to 4.1 years of NAO. 
 
 

The other rows show the spectra for the various 
rainfall series (latitudes A-G, longitudes 1-10). Following 
may be noted: 
 
 
(i) The periodicities are not all similar in all the rainfall 
grids, as expected. Characteristics are partly similar and 
partly different. 
 
(ii) Most of the rainfall series have a small but 
statistically significant (above 2σ) peak near 1.7-1.9 years 
(20-23 months). No climatic index has such a peak. 
 
(iii) Many rainfall series have prominent QTOs near 3.5 
years and subsidiary peaks in the QBO region, thus 
indicating ENSO influence. However, a few regions 
(marked by a full dot) namely, D6; E4, E5; F4, F5; G4, 
have a QBO (2.0-2.7 years) more prominent than the 
QTOs. These regions are to the south of the Amazon river 
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up to the Bolivian border (Fig. 1) and their  rainfalls may 
be related to 30 hPa winds (QBOs at 2.3 years and 2.7 
years) or South Atlantic SST (major QBO at 2.2 years). 
 
(iv) Many regions show periodicities at 3.5-3.6 years        
(11 regions: A3; B1; C1, C6; D5, D7, D8; E1, E9; F9; G5) 
and 4.7-5.0 years (8 regions: A4, A5; B1, B2, B3, B4; E2; 
G6) and these probably indicate ENSO effects (or North 
and Tropical Atlantic SST effects) near 3.5 and 4.9 years. 
 
(v) Some regions show periodicities at 3.1-3.4 years     
(7 regions : B2; D2, D3; F4, F5; G3, G7), which are not 
similar to the ENSO indices or to any other climatic index. 
 
(vi) Some regions show 3.7 years (7 regions: C3, C4; D1, 
D4, D6; E8, E10), 3.8 years (A2; F1), 3.9 years (C2; E7; 
F3; G2), 4.0 years (D9; F7, F8), 4.1 years (B6), 4.3 years 
(B5), 4.5 years (G5), which are significantly larger than 
the ~3.5 years and smaller than the 4.7-5.0 year range of 
the ENSO indices, and cannot be identified 
unambiguously as ENSO effects but some could be 
related to the 4.1 years of NAO and the 3.9 years of South 
Atlantic SST.   
 

Overall, no effects are overwhelming (earlier, 
correlations hardly exceeding 0.7, so 50% or more 
variance remained unexplained), but moderate ENSO 
effects and/or South Atlantic SST effects exist for some 
regions. This agrees with the correlation indications of 
Fig. 4. 
 
8.  Conclusions and discussion 
 

An analysis of the rainfall series (12-month running 
means) of the 5° × 5° gridded data in the Amazon river 
basin and its vicinity (15° N - 20° S, 30° - 80° W) 
indicated the following: 
 
(i) The rainfalls were highly variable both from year to 
year and from region to region. Correlations with even 
nearby regions hardly exceeded 0.50, indicating only 
~25% coherence (75% random component). Correlations 
were better (up to 0.70, indicating 50% coherence) in the 
regions near the eastern coast of Brazil. 
 
(ii) Moderate relationship with ENSO indices was 
obtained for the Amazon river  basin and the regions to its 
north, and for  NE Brazil. 
 
(iii) Moderate relationship with South Atlantic SST was 
obtained for NE Brazil and the region immediately to its 
west. 
 
(iv) All other relationships (with 30 hPa wind, North 
Atlantic Oscillation Index, etc.) were obscure. 

ENSO effects in different parts of the globe have 
been reported since long (Ropelewski and Halpert, 1987, 
1989) but these are never one-to-one. Also, these are often 
distorted by other effects. For example, in southern part of 
South America (including southern Brazil), El Niños are 
very well related to excess rains, but in NE Brazil, low 
latitude Atlantic temperature increases combined with 
favorable winds towards the Brazilian coast can bring in 
moisture which may neutralize the drought-like conditions 
caused by El Niños. In other parts of the world too, other 
factors complicate the ENSO relationship. In India, 
interannual variability of All India summer monsoon 
rainfall and its relationship with ENSO as well as with 
other factors (snow mass covers etc.) has been illustrated 
by many workers  (Kripalani et al., 1996, 2003; Krishna 
Kumar et al., 1999; Krishnamurthy and Goswami, 2000; 
Rajeevan and McPhaden, 2004), and prediction schemes 
are used with eight or more parameters where only one is 
ENSO (Thapliyal and Rajeevan, 2003). In the Amazon 
basin, one would have expected that the vicinity to the 
Peru-Ecuador coast (birth place of El Niño) would result 
in strong ENSO effects. This does not seem to happen, 
probably because of other interfering effects like those 
related to tropical Atlantic, or local circulation patterns 
related to orographic effects, etc. 
 
 

The spectral peaks in the Amazon rainfall series in 
the range 1.7-1.9 years (20-23 months) are intriguing. 
Indian rainfall series do not show significant peaks in this 
range (Kane, 1999), but some solar, interplanetary and 
geomagnetic parameters do show peaks in this range 
(Kane, 2005). The possible connection with rainfall series 
is not obvious and needs further exploration.  
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