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lkj & bl 'kks/k Ik= esa ,y uhuks dh ?kVukvksa dk ifj"Ñr oxhZdj.k djus dk iz;kl fd;k x;k gSA ;g 
tk¡p izR;sd o"kZ dh xbZ gS fd D;k ,y fuuks ¼b-,u-½ vkSj@vFkok nf{k.kh nksyu baMsDl ,l-vks-vkbZ- U;wure 
¼,l-vks-½ vkSj@vFkok m".k ¼MCY;-w½ vFkok BaMk ¼lh-½ Hkwe/;js[kh; iwohZ iz’kkar leqnz lrg rkieku ¼,l-,l-Vh-½ 
gSA vusd o"kZ bZ-,u-,l-vks-MCY;w- okys o"kZ Fks ftUgas vkxs nks lewgksa esa mifoHkkftr fd;k x;k uker% vlafnX/k 
bZ-,u-,l-vks-MCY;w- tgk¡ tc ,l-vks-vkbZ- U;wure vkSj ,l-,l-Vh- vf/kdre dySaMj o"kZ ¼ebZ&vxLr½ ds e/; esa 
ns[ks x,] lafnX/k bZ-,u-,l-vks-MCY;w- tgk¡ ;s fLFkfr;k¡ dySaMj o"kZ ds iwokZ) vFkok mRrjk)Z esa ikbZ xbZ ,y 
fuuks dh vU; ?kVuk,¡ bZ-,u-,l-vks-] bZ-,u-MCY;w-] bZ-,u-lh-] bZ-,u- izdkj dh gSaA ftu o"kksZa esa ,y fuuksa dh 
?kVuk ugha ?kVh os ,l-vks-MCY;w-] ,l-vks-lh-] ,l-vks-] MCY;w-]lh- vkSj vafre esa ¼lh-½ lHkh ,aVh ,y fuuks vFkok 
yk fuuk okys gSaA 

 
Hkkjr dh iwjh xzh"edkyhu ekulwu o"kkZ ds vlafnX/k bZ-,u-,l-vks-MCY;w- vuko`f"V vkSj ck<+ ds lkFk 'khr 

¼lh-½ ls dkQh tqM+h gksrh gSA 1900&90 ds nkSjku la;qDr jkT; vejhdk esa o"kkZ ds vusd {ks= fof’k"V bZ-,u-
,l-vks- laca/k fn[kkrs gSa fdarq ;s laca/k vyx&vyx {ks=ksa ds fy, fofHkUu izdkj ds gksrs gSaA lkekU;r%        
¼i½ if’peh la;qDr jkT; vejhdk@xzsV ysd vuko`f"V vkSj lafnX/k bZ-,u-,l-vks-MCY;w- ¼ii½ if’pe ds e/;@e/; 
la;qDr jkT; vejhdk dh ck<+sa vkSj vlafnX/k bZ-,u-,l-vks-MCY;w- ¼iii½ nf{k.kh rVh; eSnku@[kkM+h 
rV@iwohZ@nf{k.kh iwohZ vuko`f"V rFkk lafnX/k vkSj vlafnX/k bZ-,u-,l-vks-MCY;w- ds chp buds vPNs laca/k gksrs 
gSaA yk uhuk vlafnX/k bZ-,u-,l-vks-MCY;w- ls dkQh foijhr  izHkkoksa dks fn[kkrk gS fdUrq ,slk lnSo ugha gksrk 
gSa fo’ks"k :Ik ls lqnwj if’pe esaA mlh {ks= esa b-,u-,l-vks- ds izHkko izeq[k o"kkZ _rq rFkk o"kkZ _rq ls igys 
vkSj ckn esa izk;% egRoiw.kZ vkSj fofHkUu ¼foijhr½ gksrs gSaA ;gk¡ vusd izdkj ds vU; fooj.kksa dh Hkh ppkZ dh 
xbZ gSA 

 
 
 

ABSTRACT.  A finer classification of El Niño events is attempted. Each year was examined to check whether it 
had an El Niño (EN) and or a Southern Oscillation Index SOI minimum (SO)  and or warm (W) or cold (C) equatorial 
eastern Pacific sea surface temperatures (SST). Several years were ENSOW, which were further subdivided into two 
groups viz. Unambiguous ENSOW where SOI minima and SST maxima were observed in the middle of the calendar year 
(May-Aug) and Ambiguous ENSOW where these conditions were obtained in the early or late part of the calendar year. 
Other El Niño events were of the type ENSO; ENW, ENC, EN. Years not having El Niño were of the types SOW, SOC, 
SO, W, C, the last one (C) containing all Anti-El Niños or La Niñas. 

 
 
For the all India summer monsoon rainfall, Unambiguous ENSOW were overwhelmingly associated with droughts 

and the cold (C) events with floods. For the rainfall in USA during 1900-90, several regions showed distinct ENSO 
relationships, but different for different regions. Generally, there were good associations between (i) western USA/Great 
lakes droughts and ambiguous ENSOW, (ii) midwest/central USA floods and unambiguous ENSOW, (iii) south coastal 
plain/Gulf coast/eastern/southeastern droughts and both ambiguous and unambiguous ENSOW. La Niñas showed effects 
mostly opposite to those of unambiguous ENSOW, but not always, especially in the far west. For the same region, ENSO 
effects were often substantial and different (opposite) for the main rainy season and the pre and or post-rainy season. 
Many other details are also presented. 

 
Key words  –  ENSO, ENW, ENC, SOI, El-Niño. 
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1.  Introduction 
 

The interannual variability of worldwide climate is 
reported to be intimately related to the strong coupling of 
the ocean and atmosphere across the equatorial Pacific 
during El Niño/Southern Oscillation (ENSO) events. 
Quinn et al. (1978) demonstrated the relationship between 
occurrences of El Niños and Indonesian droughts. Several 
workers have reported similar relationship for India and 
USA. Andrade and Sellers (1988) reported ENSO effects 
on precipitation in Arizona and western New Mexico. 
Karl et al. (1994) mentioned that all regions in the 
extreme west including Pacific northwest are usually drier 
than normal during ENSO events, though Bell and 
Janowiak (1995) argued that the excessive rainfall in the 
spring of 1993 in the north-central and northwest USA 
had some links with warmer Pacific SST. Douglas and 
Englehart (1984) investigated the relationship with rainfall 
in Florida. Kiladis and Diaz (1989) identified global 
climatic anomalies associated with the Southern 
Oscillation. Some parts of USA were also included in 
their analysis. The strong El Niño of 1982-83 received 
special attention (Quiroz, 1983; Douglas and Englehart, 
1984; Norton et al., 1985), as many features associated 
with the same were abnormal. Ropelewski and Halpert 
(1986, 1989) reported that for southeastern USA and 
northern Mexico, the rainfall during October of the El 
Niño year to March of the following year was above 
normal for ~80% of the El Niño events. A similar excess 
rainfall was also noticed in the Great Basin area of the 
western USA, for the April through October season of the 
El Niño years. These seasonal results were further refined 
by Richman et al. (1991), who used PCA (principal 
component analysis) to identify monthly SOI-related 
patterns. Recently, Montroy (1997) made a very detailed 
analysis using PCA of sea surface temperature (SST) 
anomalies in the tropical Pacific to correlate with central 
and eastern North American precipitation on a monthly 
basis and identified linear relationships between central 
and eastern Pacific SST and USA rainfalls, positive for 
November to March rainfall in southeastern USA and 
Texas and negative for the January to March rainfall in the 
region Great Lakes to Ohio River Valley and also negative 
for the July-August rainfall in southeastern USA. 
Trenberth (1993) had noticed that all El Niños did not 
produce the same type of effect (in 1940-41 and 1982-83, 
California experienced floods, but in 1986-87, there were 
droughts) and surmised that different El Niños had 
different ‘flavors’.   
 

Most of the workers so far have obtained composites 
of all warm events, e.g., all El Niños (Rasmusson and 
Carpenter, 1983), or all SOI minima (Kiladis and Diaz, 
1989) or all warm events in the Pacific (Mooley and 
Paolino, 1989). Recently, Kane (1997a,b; 1998a,b) 
attempted a finer classification of El Niños which showed 

good relationship with All India rainfall. In the present 
communication, the behaviour of rainfall in different parts 
of USA is examined to see whether this finer classification 
reveals better associations. The methodology used is 
similar to that of Ropelewski and Halpert (1986) except 
that whereas they used 24 months data (6 months of the 
previous year, 12 months of the current El Niño year, 6 
months of the succeeding year), in the present analysis, 36 
months are used (12 of the previous year, 12 of the El 
Niño year, 12 of the next year). 
 

2.  Data 
 

The data used are the United States historical 
climatology network - National and regional estimates of 
monthly and annual precipitation, as given in Karl et al. 
(1994). They selected 877 stations, which were partitioned 
into 23 groups corresponding to the U.S. climatic regions 
specified by Karl et al. (1988) (Fig. 1). The resulting 
number of stations per region ranges from 12 in the South 
Pacific Coastal region, to 88 in the Southern Plains region. 
Area averages were calculated by equally weighting the 
totals for each station within a region, while values for 
whole USA were obtained as are ally weighted average of 
the regional values. For comparison with USA rainfall 
data, All India rainfall data (Singh and Sontakke, 1996) 
were used, mainly because these showed very good 
relationship with the finer classification of El Niños. All 
the data used were mainly for the period 1900-91. 
 

3.  Finer classification of ENSO events 
 

In literature, the term ENSO is used for the general 
phenomenon of El Niño/Southern Oscillation. Here, 
following terminology is used : 
 

EN  =  Presence of El Niño (warmer waters) at 
Puerto Chicama (Peru-Ecuador coast) (list 
of Quinn et al., 1978, 1987 and later, visual 
inspection of the plots). 

 

SO  =  Presence of minimum in the Southern 
Oscillation Index SOI, Wright Index or 
Tahiti minus Darwin atmospheric pressure 
difference (T-D) (Angell, 1981; Parker, 
1983; Wright, 1975, 1984). 

 

W  =  Presence of maximum (positive anomalies) 
in the sea surface temperature (SST) in the 
eastern equatorial Pacific (Niño 3 region), 
exceeding 1.0° C. 

 

C  =  Presence of minimum (negative anomalies) 
in the sea surface temperature (SST) in the 
eastern equatorial Pacific region (Niño 1+2 
and Niño 3 region). All La Niñas mentioned 
by various workers are included here. 
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Fig. 1.  Map of USA showing the 23 climatic regions (Karl et al. 1988). Regions used by Ropelewski and Halpert (1986) viz. 
Pacific-Northwest (P-NW), Great Basin (GB), High Plains (HP), Gulf and Mexican region (GM) and Mid-Atlantic (MA) 
are roughly indicated 

 
 
 

Various combinations of these are considered. Of 
major interest are events of type ENSOW, where El Niño 
(EN) existed (Quinn et al., 1978, 1987), SOI was 
minimum and, eastern equatorial Pacific SST was warmer 
(W). The 12-monthly running means of SOI and SST are 
used to check whether the SOI minima or SST maxima 
occurred in the middle of the calendar year, (May-Aug). If 
so, the events were termed as ENSOW-U, i.e., 
Unambiguous ENSOW. If the extremes SOI and SST 
were in the earlier or later part of the year (not in the 
middle), the events were termed as ENSOW-A, i.e., 
Ambiguous ENSOW. Kane (1997a,b) has shown that the 
Unambiguous ENSOW are overwhelmingly associated 
with droughts in India and southeastern Australia. Other 
events were labeled as ENSO, ENW, in which case the El 
Niño existed at Puerto Chicama, but only one of the 
conditions SOI minima or W existed, not both (dephasing 
mentioned by Deser and Wallace, 1987), while ENC 
meant an El Niño was seen in the earlier part of the year, 
followed by a C (La Niña, cold event). Other years not 

involving El Niños were classified as (i) SOW, which 
means SOI minima (SO) existed, equatorial eastern 
Pacific temperature was warmer (W), but there was no         
El Niño mentioned in the Quinn et al. 1978, 1987, (ii) SO, 
where only SOI minima existed, (iii) W, where only 
central Pacific was warmer, (iv) SOC, where SO was in 
the early part of the year, followed by a C in the later part 
and (v) C, the cold events (La Niñas). Years not classified 
under any of the categories EN, SO, W or C are termed as 
non-events. 
 

For the period 1900-90, the classification used is 
shown in Table 1. 
 
 
4.  Procedure of analysis 
 

The procedure of analysis and the type of results 
expected are illustrated first by using the Indian rainfall 
data.  In  the  case  of  the USA data, values for all months 
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TABLE 1 
 

Distribution of the years 1900-90 in various categories. Symbols S (Strong), M (Moderate), W (Weak) indicate the strengths of the El Niños 
involved. I and II indicate first and second years of double events (1957-58, etc.). R, K, P indicate that these were selected as warm events by 
Rasmusson  and  Carpenter  (1983),  Kiladis and Diaz (1989) and Mooley and Paolino (1989). K* and P* indicate that these were selected as cold  
                                                                         events by Kiladis and Diaz (1989) and Mooley and Paolino (1989) 

 
Unambiguous  
ENSOW 

Ambiguous  
ENSOW 

Other  
El Niños 

SOW etc. Non  
events 

C  
La Niña 

M 1902 RKP M 1914 R S 1912 ENSO 1904 SOW KP 1901 1903 K*P* 

M 1905 R P M 1919 II M 1929 EN 1913 SOW KP 1915 1906 K*P* 

S 1911 RKP M 1923 RK S 1932 EN 1944 SOW 1937 1908 K*P* 

S 1918 I RKP S 1925 I RKP M 1939 EN 1977 SOW 1945 1909 

M 1930 I  RKP S 1926 II M 1943 EN 1979 SOW 1947 1910 

S 1941 II R P M 1931 II K* M 1907 ENC 1920 W K* 1952 1916 K*P* 

M 1951 RKP S 1940 I P S 1917 ENC 1968 W P 1966 1921 

S 1957 I  RKP W 1948 P S 1927 ENC 1986 W K 1978 1922 

M 1965 RKP M 1953 RK S 1973 ENC 1959 SO 1980 1924 K* 

S 1972 I  RKP S 1958 II Total = 9 events 1974 SO 1981 1928 K* 

S 1982 KP W 1963 KP  1935 SOC 1984 1933 

M 1987 W 1969 RKP  1936 SOC 1985 1934 

Total = 12 events M 1976 RKP  1946 SOC P* 1989 1938 K* 

 S 1983 II P*  1949 SOC K* 1990 1942 K* 

 Total = 14 events  Total = 14 events Total = 14 events 1950 

     1954 K* 

     1955 P* 

     1956 

     1960 

     1961 

     1962 

     1964 K*P* 

     1967 P* 

     1970 K*P* 

     1971 

     1975 K* 

     1988 
     Total = 27 events 

 
 
 
 
were available. However, for the Indian data, values were 
available for JF, MAM, June, July, August, September 
and OND. The major Indian rainfall occurs during the 
summer months June, July, August, September (average 
~900 mm); but year-to-year variations are considerable. 
Here, deviations from mean are expressed as fractions of 
the standard deviations (normalized values), separately for 
each month. The normalised values are indicated by 
symbols also; +, – indicating positive and negative 
deviations within 0 and ± 0.5 σ; f, d for ± 0.5 to ± 1.0 σ 
and F, D for deviations exceeding 1.0 σ, in magnitude. 
 
5.  Indian rainfall deviations for various types of 

years 
 

Indian rainfall deviations for various types of years 
viz. Unambiguous ENSOW, Ambiguous ENSOW, Other 

EN, events not involving El Niños, Non-events and C (La 
Niña) events were examined, for 3 consecutive years,  
with the year of event in the middle. Detailed tables are 
not, shown here but are similar to those shown in Kane 
(1997a, b). The following characteristics were noted : 
 
 
(i)  In the Unambiguous ENSOW group, there was a 
profusion of (–, d, D) i.e., droughts. The average for this 
group showed large negative (normalised) deviations,        
–0.7, –1.3, –0.5, –0.5 for June, July, August, September. 
Such large negative deviations were not seen in the 
averages of the groups Ambiguous ENSOW or other EN. 
Thus, Unambiguous ENSOW have a distinct edge over 
other types of El Niños, for causing droughts in India. If 
all types of El Niños are considered together, effects are 
not so prominent. 
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Figs. 2(a-g). All India rainfall anomalies, 36 consecutive monthly 

values, where the middle 12 months refer to the type of 
event involved, (a) Unambiguous ENSOW, (b) 
Ambiguous ENSOW, (c) Other El Niños, (d) All El 
Niños, (e) SOW etc., (f) Non-events and (g) Cold (C) 
events, La Niñas. Positive anomalies are shown black 
and negative anomalies, hatched 

 
 
(ii)  In the Ambiguous ENSOW group, the symbols were 
mixed. 
 
(iii)  In the group SOW etc., there was some indication of 
significant negative deviations in August-September for 
some events, which was reflected in the averages being      
–0.5, –0.6. Thus, some events of this type (El Niño not 
reported, but SOI negative and or central Pacific SST 
above normal) can also cause droughts in India. 
 
(iv)  In Non-events, all types of symbols were seen. Thus, 
droughts or floods (even severe, F or D) can occur even 
when ENSO is not involved, indicating the influence of 
other factors. 
 
(v)  In C (La Niña) events, there was a profusion of (+, f, 
F) i.e., floods (excess rains) in August, September, with 
average values of standardized rainfall deviations +0.5 
and +0.6. Thus, C type years are likely to cause excess 
rains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Same as Fig. 2, for region I (North Pacific Coast) of USA 
 

 
Fig. 2 shows the average plots for the for All India 

rainfall, for various groups (a-g). Large negative 
deviations (shown hatched) are seen in Fig. 2(a) and         
Fig. 2(e) in the middle part, indicating occurrence of 
droughts. There is some indication in Fig. 2(a) that in the 
following year, excess rains might occur (shown black). 
Large positive deviations (shown black) are seen in the 
middle part of Fig. 2(g), indicating occurrence of excess 
rains during La Niña events. 
 
6.  Rainfall anomalies in USA 
 

For some of the 23 regions, the average monthly 
rainfall was almost equally spread over all the months. 
However, in many regions, more than 50% rainfall was 
concentrated in 3-4 consecutive months, termed as the 
main rainy season, centered mostly in spring or summer or 
autumn. Only in California, the main rainy season was 
winter (NDJF). Tables were made for all the 23 regions 
(Fig. 1) in USA but are not shown here. Only the average 
plots like those in Fig. 2 are shown. Fig. 3 shows an 
example, a plot for region 1 (North Pacific Coast) of USA. 
In some months, the anomalies are large (exceeding        
0.5 σ). As mentioned by Montroy (1997), teleconnections 
can be identified on a calendar monthly basis. However, it  
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Fig. 4.  Climatology (average monthly rainfalls for 1900-91) for regions 1-23 of USA and for All India rainfall 
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TABLE 2 
 

Average ENSO effects at the 23 locations in USA, during (0) and the pre (–1) and post (+1) rainy seasons of each region, for various types of     
El Niño events (Unambiguous ENSOW, Ambiguous ENSOW, other EN, SOW etc. and C) 

 
Unambiguous 

ENSOW 
Ambiguous 

ENSOW 
Other 

El Niños 
SOW  
etc. 

C 
La Niños 

 
Region number 
(Rainy season) 

–1 0 +1 –1 0 +1 –1 0 +1 –1 0 +1 –1 0 +1 

1 (NDJF) –  + – – D –   +   +   

2 (DJFM) +  f   + f – – + +   – + 

3 (NDJ) – – + – – D –   +   +  – 

4 (DJFM) + + + – – – –  + F +  –  + 

5 (NDJF) +   + d D –   – + + +  d 

6 (NDJFMAM) +  – + d d  –   F + –  + 

7 (JASO) F f F +  f  + d –  f –  d 

8 (JFMAMJ) F – – d D +     + + +  – 

9 (JASO) f F f +  F + – D   f – – d 

10 (AMJJ)  f F – + – f     f –   

11 (MJJA) f f F d  + f  d  F f –  d 

12 (MJJA) + f F  – d f – d f + f   – 

13 (MJJAS)  + F –  + +  – + + + –  d 

14 (MAMJJ)  d F  d f f f    f   D 

15 (MJJAS)  – F –  F +   + F F –  D 

16 (MJJAS) – f F  D D f – –    +  – 

17 (MAMJJ) – d F – d d f F – + + + +  – 

18 (MJJAS) d +  f d d + + +  + +   – 

19 (MAMJJA)  – + – – + f F   – +  f d 

20 (AMJJAS) d D   d +   f   +  + – 

21 (MJJAS) d – f – d d f f + – + +  + d 

22 (AMJJAS)  – F  – + + – +  –   + – 

23 (JJAS)  d F  – F f f d  +    D 

 
 
 
 
seems reasonable to assume that these would extend to 2-3 
months at least. Hence, running averages over 3 
consecutive months were obtained and are shown as 
superposed thick lines. Large fluctuations are seen 
(positives black, negatives hatched), more so in the group 
of Ambiguous ENSOW (second plot). Thus, this 
classification indicates a better ENSO relationship with 
Ambiguous ENSOW for region 1 of USA. The average 
monthly rainfalls (climatology) for the 23 regions in USA 
are shown in Fig. 4. In the western part (regions 1-6), the 
main rainfall occurs during winter months (shown by 
thicker lines). In Fig. 3, the horizontal lines indicate the 
main rainy season (NDJF) for region 1. For Ambiguous 
ENSOW (second plot in Fig. 3), large negative anomalies 
(hatched markings) are seen in the rainy season and post-
rainy season, in agreement with the observation of Karl et 
al. (1994) that the regions in the extreme west of USA are 
usually drier than normal during ENSO periods. For 

Unambiguous ENSOW (first plot in Fig. 3) or Other El 
Niños (third plot in Fig. 3), dry conditions are not seen. As 
a result, the average plot for all El Niños (fourth plot) does 
not show discernible dry conditions. Thus, dry conditions 
occur only for some El Niños, in this case, what we call 
Ambiguous ENSOW. For La Niñas (cold C events, 
seventh plot in Fig. 3), there is a slight indication of a 
reverse effect viz. excess rains (black marking) in the 
rainy season. 
 
 

In Fig. 4, only regions 1-6 (far west) show winter 
(November, December, January, February) maxima in 
rainfall. Regions 7-13 (middle west) and 21, 23 
(southeast) show maxima for few months during April-
September. All other regions have rainfalls spread more or 
less over all months. Plots like those in Fig. 3 for north 
Pacific coast were made for all regions. 
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6.1.  Specific ENSO effects 
 

Table 2 shows the average effects observed in the 23 
regions of USA, for pre, during and post - rainy season 
(the rainy seasons are different for different regions, as 
shown in the first column), for the Unambiguous 
ENSOW, Ambiguous ENSOW, Other EN, SOW etc. and 
C events. 
 
 

The following facts may be noted : 
 
(i)  The effects for the three groups of El Niños 
(Unambiguous ENSOW, Ambiguous ENSOW, Other EN) 
are not alike. 
 
(ii)  In western USA (regions 1-6, California), the 
Unambiguous ENSOW and the Other El Niños are not 
very effective, though the former seem to yield slightly 
excess rains and the latter slightly negative; but the 
Ambiguous ENSOW show deficit rains (d, D) during the 
rainy season, and soon after also. The Unambiguous 
ENSOW have SOI minima and SST maxima in the 
middle of the calendar year (MJJA) and their effect 
probably wanes out by the end of the calendar year. The 
effects for C (La Niña) are not striking, perhaps because 
many more events are considered. 
 
(iii)  In mid-west and central USA (regions 7-13), there is 
profusion of f and F, indicating a tendency of excess rains 
during and after the rainy seasons, but only for the 
Unambiguous ENSOW. For the Ambiguous ENSOW and 
Other El Niños, the effects are mixed. An exception is 
region 8 (Northern Rockies) where the prolonged rainy 
season (January - June) shows deficit rains for both 
Ambiguous and Unambiguous ENSOW. 
 
(iv)  In regions 14, 15 (South coastal plain and Gulf 
coast), both Ambiguous and Unambiguous ENSOW yield 
deficit rains in the rainy season (summer) and excess rains 
thereafter. 
 
(v)  In the vicinity of Great Lakes (regions 16, 17, 18), 
Unambiguous ENSOW give mixed results in the rainy 
season (summer) but excess rains thereafter. For the 
Ambiguous ENSOW, deficit rains occur during and after 
the rainy season. For other El Niños, results are uncertain, 
with a slight tendency of excess rains during and before 
the rainy season. 
 
(vi)  In the eastern and southeastern part (regions 19, 20, 
21, 22, 23), deficit rains occur during and before the rainy 
season (summer) and excess rains thereafter, for both 
Ambiguous and Unambiguous ENSOW; but Other El 
Niños give excess rains before, during and after the rainy 

season, except for region 23 (coastal southeast) where 
deficit rains occur after the rainy season. 
 
 (vii)  The events of the SOW type show mostly excess 
rains throughout USA, especially during and after the 
rainy season. In contrast, C (La Niña) events show mostly 
deficit rains, especially after the rainy season. 
 
(viii) Most of the large anomalies were associated with 
ENSOW type events, both Unambiguous and Ambiguous, 
but different at different regions and could occur during 
the main rainy season or before or after it. 
 

Summarizing, there are good associations between 
(i) western USA/Great Lakes droughts and Ambiguous 
ENSOW, (ii) midwest/central USA floods and 
Unambiguous ENSOW, (iii) south coastal plain/ Gulf 
coast/eastern/southeastern droughts and both Ambiguous 
and Unambiguous ENSOW. La Niñas show effects mostly 
opposite to those of Unambiguous ENSOW, but not 
invariably so, especially in the far west. 
 

6.2.  Dependence on the times of commencement and 
duration of El Niños 

 
Detailed plots of the SST anomalies at Puerto 

Chicama during major El Niño events since 1925 were 
used to locate the commencements and endings of the El 
Niño events. Some El Niños existed almost throughout the 
year while some were active only in the first few months 
and some in the last few months of the calendar year. 
From these, 3 groups were formed as follows : 

 
Whole year El Niños (13) :  1925, 1929, 1930, 1940, 

1948, 1951, 1953, 1957, 
1965, 1972, 1976, 1983, 
1987. 

 
First half El Niños (10) :  1926, 1931, 1939, 1941, 

1943, 1949, 1958, 1966, 
1969, 1973. 

 
Latter half El Niños (3) :  1963, 1982, 1986. 

 
Averages for each of 3 successive years were plotted 

(not shown here). The broad results are listed in Table 3. 
 

In Table 3, the rainy season for regions 1-6 is around 
NDJF and normally, the end part of the event year is 
considered. However, for the second group in Table 3 
(middle portion referring to El Niños occurring in the first 
half of the year Jan-Jun), the rainy season considered is 
the NDJF or DJFM at the beginning of the event year. The 
first column gives the region number and the main rainy 
season   months   (in parenthesis).  In  other  columns,  the 
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TABLE 3 
 

Average ENSO effects at the 23 locations in USA, during (0) and the pre (–1) and post ( +1) rainy seasons of each region,  
for El Niño events lasting during the whole year, first half, and second half of the year 

 
Whole Year First half Second half  

Region number 
(Rainy season) –1 0 +1 –1 0 +1 –1 0 +1 

1 (NDJF)  –   f  + f F 

2 (DJFM) +  +  f d F f f 

3 (NDJ) + d   d + F + f 

4 (DJFM) +    + – F f f 

5 (NDJF) + d   d + F f F 

6 (NDJFMAM) f d  F – d F f F 

7 (JASO) f f F F f d  F D 

8 (JFMAMJ)  f D F D f f F F 

9 (JASO)  f f F  – – F f 

10 (AMJJ)  + d – d  + f F 

11 (MJJA)  – f F + – D f F 

12 (MJJA) + – + D   F F F 

13 (MJJAS) + – + F +  D f F 

14 (MAMJJ) f d F F   D – F 

15 (MJJAS) + – F F  d D D F 

16 (MJJAS) f  + D   – f D 

17 (MAMJJ)  d f – f + D  d 

18 (MJJAS) f d  D  – D f D 

19 (MAMJJA) f d f  + d D D F 

20 (AMJJAS) + d  F d –  D d 

21 (MJJAS)  d F  + D D D F 

22 (AMJJAS) + D F +  d D D F 
23 (JJAS) f d F + + d d d F 

 

 
ENSO effects are given (droughts d, D; floods f, F;  near-
normal rainfall +, –) for the corresponding rainy seasons 
of each region, for the year of El Niño (0), for the year 
previous to the El Niño year (–1) and for the year next to 
the El Niño year (+1). The following may be noted : 

 
(i)  For the first group (El Niños operative throughout 
the whole year), the rainy season has deficit rains (d, D) in 
most of the regions and excess rains (f) only in a few 
regions; but the following year shows mostly excess rains. 
Thus, single patterns (droughts or floods) are rarely seen; 
always there are droughts in the rainy season, followed 
and / or preceded by floods in the pre and post-rainy 
seasons (or vice versa). 

 
(ii)  For the second group (El Niños in the first half of the 
year), patterns are mixed. Many two year events (e.g., 
1958 in El Niño of 1957-58) are in this group and these 
yielded excess rains rather than droughts in India. 
 
(iii)  For the third group (El Niños in the latter half of the 
year), results are very striking, with a profusion of (f, F) 

i.e., excess rains in many regions during and after the 
rainy season. However, this group has only 3 events 
(1963, 1982, 1986), each with very strong ENSO effects. 
Trenberth (1993) mentions that California experienced 
wet conditions in 1940-41, 1982-83 and droughts in 1986-
87. Thus, according to Trenberth, this third group contains 
El Niños of different flavors and hence, the group is not 
homogenous. The same may be true of the first and 
second groups as well. 
 

6.3.  Effects during some well-known large El Niño 
events 

Some well-known large El Niño events (1939-40-41, 
1981-82-83 and 1986-87-88) are examined separately. 
The following was noted : 

 
(i)  During the event of 1939-40-41, though the main 
event occurred in 1940, the previous year was not 
eventless. In 1939, an El Niño occurred in the first half 
(Jan-Jun). This was associated with deficit rains in many  
regions. The main  El Niño  started  in  January  1940  and   
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TABLE 4 
 

Years showing positive (+, f, F) and negative (-, d, D) rainfall anomalies in all the regions (1-6) 
 

Positive anomalies Negative anomalies 

Year Type Year Type Year Type Year Type 

1903 C 1955 C 1907 ENC 1946 SOC 

1906 C 1957 ENSOW-U 1911 ENSOW-U 1947 Non-event 

1909 C 1966 Non-event 1919 ENSOW-A 1954 C 

1913 SOW 1968 W 1923 ENSOW-A 1959 SO 

1915 Non-event 1977 SOW 1925 ENSOW-A 1962 C 

1931 ENSOW-A 1981 Non-event 1927 ENC 1967 C 

1937 Non-event 1982 ENSOW-A 1928 C 1976 ENSOW-A 

1942 C   1929 EN 1984 Non-event 

    1930 ENSOW-U 1986 ENW 

    1938 C 1987 ENSOW-U 

      1989 Non-event 

 
 
 
lasted  up to June 1941 (18 months). In regions 1-11, 
mostly excess rains occurred, though often interspersed 
with intervals of deficit rains. In regions 12-15, effects 
were negligible; but in regions in the east  (16-21), deficit 
rains occurred. In region 22, excess rains occurred and in 
region 23, patterns were obscure. Thus, in the 1940-41 
event, ENSO effects were, excess rains in the west and 
deficit rains in the east. 
 
(ii)  During the event of 1981-82-83, 1981 and most part 
of 1982 were eventless. El Niño started in October 1982 
and lasted upto 1983 end (15 months). Yet, the winter of 
1981-82 showed considerable excess rains in California, 
indicating that ENSO is not a necessary condition for 
excess rains there. In the main event (1982 end and whole 
of 1983), there were excess rains in almost all regions, 
though some regions (7, 11, 13, 14, and 17-23) had 
intervals of deficit rains interspersed. Thus, years of 
excess rains may be confined to a part of USA, or could 
be widespread.  
 
(iii)  During the event of 1985-86-87, 1985 and most 
of 1986 were a non-event and the main event started only 
in November 1986, lasting upto November 1987 (13 
months). Yet, excess rains occurred in 1985-86 in almost 
all regions (in some cases, wet followed by dry), 
indicating again that ENSO was not necessary for excess 
(or deficit) rains. In the main event of 1987, dry 
conditions occurred in California (1-6) and in regions 7, 8 
and wet, or wet followed by dry conditions in other 
regions. 
 

Karl et al. (1994) mention that all regions in the 
extreme west including Pacific northwest are usually drier 

than normal during ENSO periods. This was not 
invariably true. Glaring exceptions of excess rains like 
1940-41 and 1982-83 did occur. For region 2 only (South 
Pacific Coast), which is nearest to the equatorial eastern 
Pacific, the following was noted : 
 
(i)  For Unambiguous ENSOW, from the 12 events, 
most showed excess rains excepting 1911, 1930, 1987, 
which showed deficit rains. Thus, Unambiguous ENSOW 
did seem to pick up excess rains in the South Pacific 
Coast. 
 
(ii)  For Ambiguous ENSOW, most of the 9 events 
showed deficit rains, a glaring exception being 1925. The 
end part of 1940 showed excess rains; but this was related 
to the Unambiguous ENSOW of 1941. Thus, Ambiguous 
ENSOW did not pick up deficit rains in the South Pacific 
Coast. 
 
7.  Events of extreme rainfalls, and inter-region 

correlations 
 

Whereas the classification Unambiguous ENSOW 
and Ambiguous ENSOW does seem to pick up categories 
of differing characteristics, the relationship is not perfect. 
The problem can be addressed other way round to see 
what are the characteristics of the years when extreme 
rainfalls occurred in the different regions. The rainfall 
status of each region in each year during 1900-91 was 
examined. Some general features were as follows : 
 
(i)  The regions 1-6 (far-western USA) had distinctly 
different characteristics, including the climatology which 
showed  the  main rainy season in winter (Fig. 4). In many 
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years, these 6 regions did not show similar anomalies 
between themselves. In some years, regions 1, 3, 5 were 
similar to each other and regions 2, 4, 6 were similar to 
each other; but the two groups showed opposite 
anomalies. However, in some years all the 6 regions 
showed similar anomalies. Years showing positive or 
negative anomalies in all the 6 regions are as shown in 
Table 4. 
 
(ii)  In Table 4, from the 15 years of positive anomalies 
in California as a whole, 5 were C (La Niñas), 4 were 
Non-events, 3 ENSOW (2 A, 1 U), 2 SOW and 1 W. 
Thus, cold as well as warm events (including non-events) 
were associated with excess rains. From the 21 years of 
negative anomalies, 5 were C (La Niñas), 3 were Non-
events, 2 were ENC, 1 was SOC, 1 was EN, 1 was ENW, 
1 was SO and 7 were ENSOW (4 A, 3 U). Thus, cold as 
well as warm events (including non-events) can be 
associated with deficit rains, though a slight bias for 
ENSOW events is noticed. Thus, our classification 
ENSOW etc. is only partially successful in picking the 
flavors for rainfalls anomalies in California. 
 
(iii)  In other regions of USA, rainfall was varied and only 
some nearby regions seemed to have similar anomalies. In 
regions 7-18 (total 12 regions), 10 or more regions had 
excess rainfalls in the years 1905 (ENSOW-U), 1907 
(ENC), 1908 (C), 1912 (ENSO), 1923 (ENSOW-A), 1935 
(SOC), 1957 (ENSOW-U), 1958 (ENSOW-A). Most of 
these had an El Niño and / or SO and a relationship 
between warm events and excess rains in regions 7-12 is 
indicated. There were deficit rains in the years 19.10 (C), 
1913 (SOW), 1930 (ENSOW-U), 1933 (C), 1934 (C), 
1937 (Non-event), 1952 (non-event), 1956 (C), 1988 (C). 
Most of these had a C (La Niña) or were non-events and a 
relationship between cold events and deficit rains in 
regions 7 -12 is loosely indicated. 
 
(iv)  In regions 19-23, there was good coherence. In years 
1900 (ENSO), 1911 (ENSOW-U), 1914 (ENSOW-A), 
1921 (C), 1925 (ENSOW-A), 1926 (ENSOW-A), 1930 
(ENSOW-U), 1932 (EN), 1936 (SOC), 1944 (SOW), 1951 
(ENSOW-U), 1966 (Non-event), 1968 (W), 1970 (C), 
1981 (Non-event), 1988 (C), all these regions had deficit 
rains and a bias (11 out of 16) towards warm events was 
indicated, though the association with some La Niñas           
(C) (3) and non-events (2) also, is disconcerting. 
 
(v)  All regions 1-23 rarely showed similar anomalies in 
the same year. Years when 16 or more regions showed 
excess rains were: 1905 (ENSOW-U), 1906 (C), 1909 (C), 
1935 (SOC), 1942 (C), 1958 (ENSOW-A), 1969 
(ENSOW-A), 1979 (SOW), 1981 (Non-event), 1982  
(ENSOW -U). As can be seen, there are no particular 
biases for El Niño or C events. Years when 16 or more 

regions showed deficit rains were: 1910 (C), 1911 
(ENSOW-U), 1917 (ENC), 1918 (ENSOW-U), 1925 
(ENSOW-A), 1930 (ENSOW-U), 1936 (SOC), 1954 (C), 
1956 (C), 1962 (C), 1976 (ENSOW-A), 1984 (Non-
event), 1988 (C), again indicating no particular biases for 
El Niño or C events. Thus, widespread excess rains or 
droughts in whole USA do not seem to be necessarily 
related to the ENSO phenomenon as such. 
 
(vi)  In some years, regions 1-6 showed anomalies similar 
to regions 19-23 and opposite to regions 7-18. 
 

To check the teleconnections and coherence between 
the various regions, a correlation analysis was carried out. 
Based on good intercorrelations, the final groups chosen 
were : 

 
Region A (1+3+5); B (2+4+6); C (8+10); D (7+9);  

E (11+12+13); F (14+15); G (16+18+20); H (17+19);       
I (21+22+23). These were averaged with equal weight, to 
give the rainfall characteristics of whole USA. The rainfall 
anomalies for these groups for various types of years 
(ENSOW etc.) were examined. The following was noted : 
 
(i)  For the 12 Unambiguous ENSOW, All India summer 
monsoon rainfall (AI) showed a very good ENSO 
relationship. However, for the USA regions, only regions 
E, H, I showed a barely significant relationship with 
Unambiguous ENSOW, E (Central USA) bias for excess 
rains and H, I (southeastern USA) bias for deficit rains. 
 
(ii)  For the 14 Ambiguous ENSOW, AI did not show 
any significant relationship. For USA, only regions B, C 
(southwestern USA), showed a slight bias for excess rains. 
 
(iii)  For 27 C events (La Niñas), AI showed an 
overwhelming bias for excess rains. For USA, only region 
C (southern desert and rockies) showed a bias for deficit 
rains during cold events. Other regions had no significant 
relationship with cold events. 
 

Since the ENSO relationships for ENSOW etc. are 
not very strong, extreme rainfall events in each region 
were examined individually. Table 5 shows the years of 
ten largest droughts and ten largest floods. 

 
In Table 5, the following may be noted : 

 
(i)  For the 10 severest events considered when the 
anomalies are mostly exceeding 1.0 normalised units, a 
few exceeding even 2.0. For whole USA, the anomalies 
are between 0.5 and 1.0 units. 
 
(ii)  In each group of years, all types of events are 
encountered, indicating that droughts or floods are not 
confined to ENSO years alone. 
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TABLE 5 
 

Years of ten largest droughts and ten largest floods with their types (ENSOW etc.), for various broad regions of USA 
 

Region Drought years Flood years Region Drought years Flood years 

A 1976 ENSOW-A 1973 ENC B 1976 ENSOW-A 1977 SOW 
 1943 EN 1955 C  1923 ENSOW-A 1982 ENSOW-U 

 1930 ENSOW-U 1964 C  1930 ENSOW-U 1906 C 

 1928 C 1981 Non-event  1975 C 1937 Non-event 

 1956 C 1937 Non-event  1912 ENSO 1940 ENSOW-A 

 1936 SOC 1915 Non-event  1933 C 1968 W 

 1978 Non-event 1942 C  1938 C 1979 SOW 

 1919 ENSOW-A 1968 W  1947 Non-event 1951 ENSOW-U 

 1914 ENSOW-A 1950 C  1960 C 1905 ENSOW-U 

 1923 ENSOW-A 1945 Non-event  1965 ENSOW-U 1913 SOW 

 7 EN        3LN 2EN         8LN  5EN            5LN 8EN         2LN 

C 1956 C 1941 ENSOW-U D 1924 C 1915 Non-event 

 1924 C 1919 ENSOW-A  1931 ENSOW-A 1908 C 

 1973 ENC 1984 Non-event  1985 Non-event 1905 ENSOW-U 

 1948 ENSOW-A 1907 ENC  1919 ENSOW-A 1957 ENSOW-U 

 1979 SOW 1914 ENSOW-A  1934 C 1975 C 

 1952 Non-event 1972 ENSOW-U  1966 Non-event 1967 C 

 1922 C 1911 ENSOW-U  1960 C 1923 ENSOW-A 

 1934 C 1921 C  1939 EN 1927 ENC 

 1953 ENSOW-A 1957 ENSOW-U  1910 C 1982 ENSOW-U 

 1910 C 1990 Non-event  1977 SOW 1907 ENC 

 4 EN        6 LN 7 EN         3 LN  4 EN           6 LN 6 EN        4 LN 

E 1934 C 1915 Non-event F 1925 ENSOW-A 1975 C 

 1976 ENSOW-A 1902 ENSOW-U  1954 C 1900 ENSO 

 1936 SOC 1951 ENSOW-U  1917 ENC 1973 ENC 

 1901 Non-event 1905 ENSOW-U  1918 ENSOW-U 1946 SOC 

 1988 C 1908 C  1924 C 1928 C 

 1910 C 1950 C  1930 ENSOW-U 1919 ENSOW-A 

 1922 C 1965 ENSOW-U  1962 C 1989 Non-event 

 1931 ENSOW-A 1903 C  1902 ENSOW-U 1923 ENSOW-A 

 1952 Non-event 1944 SOW  1931 ENSOW-A 1957 ENSOW-U 

 1913 SOW 1957 ENSOW-U  1915 Non-event 1979 SOW 

 4 EN 6 LN 6 EN         4 LN  6 EN          4 LN 7 EN        3 LN 

G 1930 ENSOW-U 1945 Non-event H 1930 ENSOW-U 1973 ENC 

 1963 ENSOW-A 1938 C  1925 ENSOW-A 1989 Non-event 

 1964 C 1972 ENSOW-U  1988 C 1920 W 

 1939 EN 1902 ENSOW-U  1914 ENSOW-A 1928 C 

 1966 Non-event 1989 Non-event  1986 W 1912 ENSO 

 1913 SOW 1990 Non-event  1926 ENSOW-A 1909 C 

 1923 ENSOW-A 1986 ENW  1954 C 1964 C 

 1936 SOC 1975 C  1966 Non-event 1935 SOC 
 1988 C 1924 C  1902 ENSOW-U 1961 C 
 1910 C 1905 ENSOW-U  1987 ENSOW-U 1901 Non-event 
 6 EN         4 LN 4 EN         6 LN  7 EN         3 LN 4 EN         6 LN 
I 1925 ENSOW- A 1928 C US 1930 ENSOW-U 1906 C 
 1980 Non-event 1945 Non-event  1954 C 1945 Non-event 
 1914 ENSOW-A 1901 Non-event  1925 ENSOW-A 1905 ENSOW-U 
 1930 ENSOW-U 1989 Non-event  1956 C 1908 C 
 1954 C 1924 C  1976 ENSOW-A 1942 C 
 1986 W 1906 C  1988 C 1957 ENSOW-U 
 1900 ENSO 1979 SOW  1934 C 1973 ENC 
 1911 ENSOW-U 1975 C  1936 SOC 1975 C 
 1963 ENSOW-A 1919 ENSOW-A  1910 C 1981 Non-event 
 1968 W 1935 SOC  1918 ENC 1982 ENSOW-U 
 8 EN        2 LN 3 EN         7 LN  5 EN         5 LN 4 EN       6 LN 
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(iii)  The events are divided into two parts. One involves 
warm events (ENSOW-A or U; ENSO; ENW; EN; SOW; 
SO; W; even SOC; ENC, though these contain C), and is 
termed as EN. The other involves cold event (C), but non-
events are also included in this part, termed as LN (La 
Nina). The numbers are given at the bottom of every ten 
events in Table 5. By these criteria, following 
relationships are noticed : 
 
(a)  Predominantly warm events (7, 8 EN; 3, 2 LN): 
Droughts in A, H, I; and floods in B, C, F. 
  
(b)  Predominantly cold events (3, 2 EN; 7, 8 LN): 
Droughts in no region; but floods in A, I. 
 

Thus, in regions A (northern California) and I 
(southeastern USA), droughts are associated with warm 
events and floods are associated with cold events 
(including non-events) preferentially. But in regions B 
(southern California), C (southern desert and southern 
rockies) and F (south coastal plain and Gulf coast), 
whereas floods are associated with warm events (opposite 
to regions A, I, which showed association with droughts), 
droughts were not associated well with cold events. Thus, 
some nonlinearity (cold events not showing results 
opposite to warm events) is probably indicated. In any 
case, northern and southern California have often 
dissimilar ENSO effects. Only 1923, 1930, 1976 had 
common severe droughts and 1937, 1968 had common 
severe floods in A and B. 
 
8.  Predictions : Effects of the 1997-98 El Niño 
 

The Climate Prediction center, NCEP (National 
Centers for Environmental Predictions), NOAA, 
Washington, USA issues official operational long-lead 
seasonal forecasts for temperature and precipitation. The 
year 1996 was a quiet year. In the February of 1997, an El 
Niño started and the temperature anomalies in the 
Peruvian coast soon assumed gigantic proportions, 
exceeding those of all previous El Niños, including the 
1982-83 event which was the strongest till then. For this 
El Niño, several predictions were made (as given in 
Barnston, 1996, 1997; Unger, 1996, 1997). Some of these 
predictions came true, but not all. A major lacuna was 
about the prediction of the El Niño itself. Glantz (1998) 
mentions the key points about prediction of the 1997 El 
Niño as follows: (a) The performance in forecasting the 
onset of the 1997-98 El Niño was largely mediocre. (b) 
Dynamical models as yet do not outperform the statistical 
ones, with respect to forecasting El Niño. Regarding 
rainfall and other parameters in USA, many abnormal 
features are attributed to El Niño; but the most obvious 
symptoms of the recent El Niño, about which there is little 
doubt, are (1) winter storms along California coast and (2) 

lots of winter rainfall in Florida. California suffered from 
heavy rains and some deserts there flowered. In northeast 
and southeast, heavy snowstorms and rainfalls occurred. 
Record temperature extremes were noted. In their climate 
assessment for 1997, Bell and Halpert (1998) mention two 
features, (i) below normal rainfall during March-
December, 1997 in central America and the Caribbean Sea 
and (ii) widespread flooding in the Red River Valley of 
the north-central United States during April 1997, 
following an abnormally cold and snowy winter. Whether 
all these could be attributed exclusively to the El Niño, is 
a moot question. From newspaper and television reports, 
the striking features reported were the stormy conditions 
and heavy rainfalls in the South Pacific coast of USA. In 
the El Niño/Southern Oscillation (ENSO) Diagnostic 
Advisory 98/2 (11 February 1998) issued by Climate 
Prediction Center/NCEP of NOAA/National Weather 
Service, Washington, it is mentioned that the strong 
ENSO conditions in the tropical Pacific caused 
pronounced departures from normal in the position and 
intensity of the jet stream over the North Pacific and 
North America during January 1998. Storminess increased 
in intensity and frequency over the eastern North Pacific 
and over the west coast of USA, causing very heavy 
precipitation over most of California and later, along the 
Gulf Coast, over Florida and throughout the Southeast and 
Mid-Atlantic. A curious question is, why is this pattern 
not seen in every strong El Niño event? Excess rainfalls 
were observed in 1940-41 winter in South Pacific Coast 
but not in the North Pacific Coast, in 1982-83 winter in 
both North and South Pacific Coast, but in 1986-87, in 
none of these two.   
 
9.  Conclusions and discussion 
 

This work relates to a study of the monthly rainfall 
values for 1900-91, for 23 regions of United States 
Climatology Network as given by Karl et al. (1994). 
Using a finer classification of El Niño events, the 
following was observed : 
 
(a)  For each region in USA, 36 consecutive monthly 
values were considered, 12 for the pre-event (–1) year, 12 
for the event (0) year and 12 for the post-event (+1) year. 
All values were expressed as normalized units (deviations 
from monthly mean in millimeters divided by the standard 
deviation for that month in millimeters). To minimize the 
effect of single monthly erratic values, 3-monthly running 
averages were calculated. 
 
(b)  For AI (All India), the Unambiguous ENSOW (El 
Niño years in which SOI minima or SST maxima occurred 
in the middle of the calendar year) composite of 12 events 
showed a large negative anomaly in the rainy season 
(JJAS)  of  the (0) year, indicating a good association with 
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droughts. The C event composite of 27 events showed a 
large positive anomaly, indicating a good association with 
excess rains. Similar plots for the 23 regions in USA 
indicated substantial anomalies, not only in the main rainy 
season but in the pre and post-rainy seasons also (El Niños 
causing excess rains in the normally dry months), often of 
opposite signs. Different regions showed different patterns 
for Unambiguous and Ambiguous ENSOW (El Niño years 
in which SOI minima or SST maxima occurred in the 
beginning or end of the calendar year, not in the middle), 
indicating different response to different flavors (or 
mixture of flavors). In a general way, there were good 
associations between (i) western USN Great Lakes 
droughts and Ambiguous ENSOW, (ii) midwest/central 
USA floods and Unambiguous ENSOW, (iii) south 
coastal plain/Gulf coast/eastern/southeastern droughts and 
both Ambiguous and Unambiguous ENSOW. La Niñas 
showed effects mostly opposite to those of Unambiguous 
ENSOW, but not invariably so, especially in the far west. 
 
 
(c)  From the 26 El Niño events considered, 13 were 
operative for almost the whole year, and from the other 
13, 10 were operative in the first half of the calendar year 
(Jan-Jun) and 3 in the second half (Jul-Dec). The response 
of rainfall was not related to these El Niño timings. In 
fact, in the group of El Niños starting and ending in the 
latter half, for 2 among the 3 events, the effects were 
opposite to each other (1986-87 associated with droughts 
and 1982-83 with floods, in California), indicating that 
this group certainly did not have a unique flavor. 
 
(d)  Even the Unambiguous ENSOW and Ambiguous 
ENSOW do not have exclusive, unique, separate flavors, 
though the former is biased to excess rains and the latter, 
to droughts, in California (regions 1-6). 
 
(e)  Based on good intercorrelations between the 23 
regional rainfall series, 9 broad regional groups were 
made as A (Region 1+3+5, Northern California), B 
(2+4+6, Southern California), C (7+9, Southern Desert 
and Rockies), D (8+ 10, Northern Rockies and Steppes), E 
(11+12+13, central USA), F (14+15, South coast and 
Gulf), G (16+18+20, Great Lakes and Northern 
Appalachians), H (17+19, Eastern Prairies and Southern 
Appalachians), I (21+22+23, southeast USA). Only, their 
main seasonal rainfall was considered. Floods in E; C, D ; 
C, H were associated with Unambiguous ENSOW, 
Ambiguous ENSOW, Other El Niños, respectively. Thus, 
different regions responded to this classification 
differently. Droughts in H, I were associated with 
Unambiguous ENSOW only. 
 
(f)  Years of ten severest droughts and ten severest 
floods in each of these 9 broad regions indicated that       

El Niños were conducive to give droughts in regions A, H, 
I and floods in regions B, C, F. Note that, A and B 
(northern and southern California) responded to El Niños 
generally in an opposite way. La Niñas were conducive to 
give droughts nowhere in particular but floods in region 
A, I, opposite to El Niño effect (droughts in A, I). 
 

Thus, some regions showed reasonably good ENSO 
effects (some droughts, some floods) while others did not 
show significant relationships. A disconcerting feature 
was the occurrence of severe droughts or floods in some 
regions during some non-events, indicating strong effects 
of origin other than ENSO. 
 

How do the present results compare with those of 
other workers? In most of the earlier-works, composites 
are obtained for warm events and cold events and 
compared with each other; but no further classification is 
done among the warm or cold events. Hence, the results of 
the present investigation can be compared only for the 
group of All El Niños and the C events. 
 
(i)  Kiladis and Diaz (1989) obtained SOI related 
composites for cold (SOI maxima) and warm (SOI 
minima) events. Apart from the results for the Caribbean 
region, they reported dry conditions over western USA in 
the SON (-1) season, i.e., of the year previous to the event 
year. In the present case, from the regions 1-6 of 
California, the Unambiguous ENSOW showed a negative 
anomaly for region 2 only, and Ambiguous ENSOW did 
not show a negative anomaly (instead, shows positive 
anomalies). Thus, the results of Kiladis and Diaz (1989), 
an average of such events, are in partial agreement with 
our findings. For the event year, they reported dry 
conditions in DJF over southeastern USA. In general, our 
results differ considerably for the Unambiguous and 
Ambiguous ENSOW. Hence, whereas some similarities 
with the results of Kiladis and Diaz (1989) are seen, in 
details, our results are sometimes different. 
 
 
(ii)  Ropelewski and Halpert (1986) formed 24 monthly 
composite values for several El Niño events (~13) as 
given by Rasmusson and Carpenter (1983), for several 
hundred locations in USA. The 24-month series were 
subjected to a harmonic analysis. The amplitude of the 
first harmonic indicated the strength of the ENSO signal 
and the phase indicated the months of strongest response. 
They identified Gulf and Mexican (GM), Oct. (0) to Mar. 
(+) and Great Basin (GB), Apr. (0) to Oct. (0) as the 
regions and seasons which showed positive rainfall 
anomalies during El Niños. Some indication of a 
relationship with High Plains (HP) was also there; but 
Pacific northwest (P-NW) and Mid-Atlantic (MA) did not 
show significant relationships. Their results agree with 
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ours, especially for Unambiguous and Ambiguous 
ENSOW. 
 
(iii)  Montroy (1997) identified some regions in central 
and eastern USA as having good relationship with tropical 
Pacific SST. Thus, southeastern USA rainfall, Nov-Mar 
was reported to have a positive relation with SST. In our 
case, the positive relationship was confirmed, more so for 
Unambiguous and Ambiguous ENSOW. For the same 
region for Jul-Aug, a negative relation was reported. A 
positive relation was reported for Texas, Nov.-Mar. In our 
case, Ambiguous ENSOW show a pattern agreeing with 
that reported by Montroy, while Unambiguous ENSOW 
agree partially. There is general agreement with the results 
of Montroy; but more, finer details are revealed.  
 

ENSO is basically a tropical forcing and could itself 
be complicated. Its effect on the extra tropics would be 
still more complicated. Trenberth (1993) mentions that in 
the tropical forcing ENSO, small changes in SST 
considerably alter the atmospheric convection distribution. 
Changes in location, extent, and time of year of SST 
anomalies result in different flavors of El Niño, which 
may cause differences in tropical rainfall. These are 
projected onto the changes in tropical heating, causing 
differences in vertical motion, large-scale overturning, 
upper tropospheric convergence and divergence, 
differences in Rossby wave forcing and propagation 
characteristics of the Rossby waves. Further, these waves 
propagate through the atmosphere to higher latitudes 
(extratropics) in a medium which varies with the time of 
the year, with location (convection relative to planetary 
waves), and with transients (synoptic eddy activity). Thus, 
even with the same tropical forcing, extratropical 
responses could be varied. In addition, a large random 
component could be added in the tropics. Trenberth         
(1993) asserts that the extratropical patterns cannot be 
reliably determined by statistical averages, as the number 
of examples is not large enough to stratify the ENSO 
events into subtypes, and the best hope for predicting 
extratropical effect of any El Niño is from better models 
(linear planetary wave models or atmospheric GCMs). 
Recently, Livezey et al. (1997) made such an attempt by 
examining teleconnections between moderate to large SST 
anomalies (separate composites for positive and negative 
anomalies) in the central equatorial Pacific Ocean and 
monthly mean Northern Hemisphere 700 hPa heights and 
US surface temperature and precipitation. Almost year-
round teleconnections were found, with substantial 
nonlinearity between positive and negative-SST anomalies 
for 700 hPa heights and US temperatures, but linearity for 
US precipitation. However, usefulness of these results for 
individual events is doubtful. Much would depend on the 
exact location and strength of the ENSO-related PNA 
(Pacific-North America) or other circulation patterns 

(Yarnal and Diaz, 1986). According to Bell and Janowiak 
(1995), the midwest USA floods in June-July 1993 were 
due to 3 major circulation features, for which ENSO was 
only an indirect contributor. However, even though 
extratropical circulation patterns may evolve 
independently, the inter-El Niño variability may still play 
an important role (Kumar and Hoerling, 1995). In 
practical terms, it seems very difficult, if not impossible, 
to predict exactly how any region of USA will respond 
during the evolution of any particular El Niño. 

  Bell, G. D. and Janowiak, J. E., 1995, “Atmospheric circulation 
associated with the Midwest floods of 1993”, Bull. Amer. 
Meteor. Soc., 76, 681-695. 
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