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1. BACKGROUND

The El Nifio/Southern Oscillation
(ENSO) is a coupled ocean-atmosphere
phenomenon that involves the fluctuation of the
tropical Pacific Ocean and the overlying
atmosphere. Itislargely driven by the variation
of atmaospheric pressure across the Pacific
Ocean. The ENSO phenomenon is comprised of
three different states, El Nifio (the warm
episode), La Nifia (the cold episode), aswell asa
normal state falling between these two extremes.
One of these statesis always occurring in the
tropical Pacific Ocean and is known to affect
weather patterns around the globe.

La Nifia, like the more frequently
studied El Nifio, is a coupled air-sea interaction
that is both dictated and identified by several
different meteorological and oceanographic
parameters. These parameters, which affect the
tropical Pacific, include sea surface temperature,
variation of equatorial currents, changesin sea
level pressure, strengthening of the Tradewinds,
and fluctuations of the thermocline structure.
Each parameter can individually serve asan
activating mechanism for the La Nifia
phenomenon, triggered by a particular
disturbance in the tropical Pacific, which results
in the amplification of a positive feedback loop
that produces the extreme change in the tropical
Pacific that signifies La Nifia (Anderson and
Davey, 1998).

El Nifio episodes have been linked to
variability in climatology and possibly global
warming, therefore, “given their worldwide
impacts, it is of crucial importance to ascertain
the magnitude of El Nifio events’ (Timlin and
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Wolter, 1998). Dueto LaNifa srelationship to
El Nifio as an element of ENSO, understanding
LaNifais certainly important. For the sake of
completeness, it is best to understand the entirety
of the ENSO phenomenon, both El Nifio and La
Nifia, due to its worldwide effects on weather.

The two most intense El Nifio episodes
of the twentieth century, the 1982-’ 83 event and
the 1997-'98 event, were each followed by a cold
episode, the La Nifia events of 1983-'84 and
1998-'99, respectively. Their succession of the
two strongest El Nifio events makes them worthy
of further study to determine their relative
magnitude and respective effects, aswell asto
determine the correlation between the intensities
of El Nifio’s and the subsequent LaNifid's.

The purpose of this study isto compare
the 1983-'84 and the 1998-'99 La Nifia events,
which followed two of the most dramatic El
Nifio’s of the past century. The phenomenonis
examined by the analysis of the temperature and
precipitation patterns across the nation in order
to determine the relative magnitude of the two
events, and through this correlation, gain a better
understanding of LaNifia's effect on weather
across the United States. In addition, this study
attempts to determine a correlation between
intensities of El Nifio events and their following
La Nifiaevents.

2. METHODOLOGY

Temperature and precipitation are used
to determine the impact of the La Nifia's events
on weather at selected citiesin the United States.
The deviation from normal for these two
parameterswill provide the data needed to
determine the effect that La Nifia had on normal
conditions. In order to get a cross-section of the
country, the data from fourteen stations around
the United States were utilized. The selected
stations arein the Table 1 (see next page).



Tablel. 14 stations selected for analysis

West Coast Central East Coast
Northern stations:
1. Sesattle-Tacoma, WA 1. Fargo, ND 1. Caribou, ME
2. Eugene, OR 2. Omaha, NE 2. Boston, MA
Southern stations:
3. Sacramento, CA 3. Dodge City, KS 3. Bdtimore, MD
4. LosAngeles, CA 4. Dallas-Ft. Worth, TX 4. Atlanta, GA

5. Corpus Christi, TX 5. Orlando, FL

The temperature and precipitation deviations
from normal will be calculated on a monthly
basis for the winter months of December 1983
through March 1984 during the 1983-'84 La
Nifia event. Thisinformation was collected from
the NOAA Local Climatological Data Annual
Summaries for those months and then processed
through spreadsheet manipulation to provide
visual representation of the effect La Nifia had
on the temperature and precipitation of each city.
In addition, these results of the 1983-' 84 event
will then be compared to the corresponding
analysis of the 1998-'99 La Nifia (Wood, et al.,
2000a). Thiscomparison will help to establish a
means of generalizing La Nifia's effect on
weather acrossthe country. Furthermore, the
monthly mean temperature deviation during El
Nifio versus that for the following La Nifiawill
be determined by finding the difference between
the 1982-'83 El Nifio mean temperature data
(Honnette and Smith, 2002) and the 1983-' 84 La
Nifia mean temperature data, as well as
completing the same procedure for the 1997-' 98
El Nifio and the 1998-'99 La Nifia. These
monthly tabulations will then be utilized to
determine the average amplitude of oscillation in
monthly temperature between the El Nifio and
subsequent La Nifiafor each of the fourteen
different stations. This determination will
provide a quantitative portrayal of the deviation
that occurs with the transition from EI Nifio to
LaNifa as part of the ENSO phenomenon.

3.RESULTS

Theimpact of La Ninais determined by
computing the deviations from normal mean

monthly values of temperature and precipitation
for the fourteen cities of interest. During Dec.

of 1983, 12 of the 14 cities reported cooler than
normal temperatures (Table 2a), with the greatest
negative deviations occurring in the central states
(values ranging from 9.8 to 20.7 °C below
normal). InJan 1984, temperatures were warmer
(relative to normal conditions) than the previous
month. West Coast cities were slightly warmer
than normal, while citiesin the center of the
country and on the East Coast were mostly
colder, with values mostly 2-5°C below normal.
The warming trend persisted in February at most
stations (11 of 14), with six of the stations
registering monthly means exceeding 5°C above
normal. Temperaturesin Mar. 1984 remained
warmer than normal on the West Coast, but were
near normal or below normal in the middle of the
country, and all below normal (with three of the
five stations exceeding 5°C below normal) on
the East Coast. In summary, temperatures were
cooler than normal during the period Dec 1983
Mar 1984, especially in the center of the country
and on the East Coast.

How does this La Nifia compare with the
1998-99 event? Examination of mean monthly
temperature deviations for Dec.1998-Mar. 1999
(see Table 3a) shows temperatures mostly above
normal throughout the period, especialy in the
center of the country. Surprisingly, the West
Coast stations recorded cooler than normal
temperatures during this event, while they tended
to be warmer than normal during the 1983-84
event. March was the month with the most
stations cooler than normal in the 1998-99 La
Nifia compared to Dec in the 1983-84 event.
Consequently, the monthly temperature



Table 2a. Temperature Deviationsfrom

Normal (1983-84)

Table 2b. Precipitation Percent Deviations
from Normal (1983-84)

Station Dec | Jan Feb Mar Station Dec Jan Feb Mar
'West Coast: 'West Coast:

Seattle, WA 49 | 41 | 20 | 43 Seattle, WA 207 | -401 | -74 | 89
Eugene, OR 50 | 05 | 07 | 27 Eugene, OR 120 | -749 | 871 | 245
Sacramento, CA 5.4 2.9 -0.1 4.8 Sacramento, CA 81.4 | -96.0 | -57.6 | -34.5
Los Angeles, CA 0.1 2.2 1.5 3.9 Los Angeles, CA 30.3 | -87.3 | -99.6 | -92.1
Central: Central:

Fargo, ND -130 | 54 | 139 | -06 Fargo, ND 524 | 436 | 1143 | 349
Omaha, NE -207 | -06 | 60 [ -7.0 Omaha, NE -182 [ -50.7 [ -319 | 215
Dodge City, KS -153 | -09 | 57 | -34 Dodge City, KS 19.2 | 51.1 | -64.9 | 85.7
Dallas- Fort Worth, TX | -13.1 | -4.7 2.4 | 03 Dallas- Fort Worth, TX | -50.3 | -35.2 | 61.1 | 103.3
(Corpus Christi, TX 98 | -49 | -01 | 05 Corpus Christi, TX -58.6 | 2626 | -74.8 | -774
East Coast: East Coast:

Caribou, ME 12| -40 | 95 | -5.0 Caribou, ME 501 | -11.0 | 430 | 45
Boston, MA 16 | -29 | 69 | -65 Boston, MA 103 | 421 | 1111 | 651
Baltimore, MD 33 | 42 ] 70 | 51 Baltimore, MD 97.7 | 347 | 309 | 55.7
Atanta, GA 46 | 23 | 26 | 08 Atlanta, GA 1105 | 51 | 348 | -14
Orlando, FL 08 | 27 | 03 | -21 Orlando, FL 1718 | 43 | 35 | 422
Table 3a. Temper ature Deviations from Table 3b. Precipitation Percent Deviations
Normal (1998-99) from Normal (1998-99)

Station Dec Jan Feb Mar Station Dec San Fob Mar
\S/\égtflte c\:/\(/),&el = 06 | 19 | -10 | -13 \West Coast:

' Seattle, WA 520 | 271 | 742 | 34
Eugene, OR 15 ] 13 | 09 | =31 Eugene, OR 06 | 32 | 778 | -100
Sacramento, CA -2.8 -2.4 -4.8 -1.7 Sacramento, CA 769 | 317 | 493 | 477
Los Angeles, CA 13 | 04 | 11 | -23 Cos Angales.CA e By O
Central: Central:

Fargo, ND > | 04 | 105 | 53 Fargo, ND 523 | 716 | 556 | 726
Omaha, NE °8 | 15 ] 86 | 09 Omaha, NE 873 | 203 | 818 | 355
Dodge City, KS 125 | 129 | 204 | 141 Dodge City, KS 554 | 2018 | 9190 | 853
Dallas- Fort Worth, TX | 01 | 52 | 7.6 | -03 Dallas- Fort Worth, TX | 140.8 | -21.3 | -780 | 25

Corpus Christi, TX 06 | 61 | 78 | 27 Corpus Christi, TX 429 | 737 | 832 | 1340
East Coast: East Coast:

Caribou, ME 82 | 16 | 56 | 56 Carbou, ME 512 | 484 | 281 | 54
Boston, MA 55 | 09 | 33 | 08 Boston, MA 604 | 585 | 3.0 | 317
Baltimore, MD 44 | 33 | 28 | 23 Baltimore, MD 506 | 541 | 151 | 24

Atlanta, GA 55 | 0 50 )-8t [Atlanta, GA 561 | 124 | -59.0 | -35.9
Ortando, FL 52 | 42 | 28 | -19 Orlando, FL 712 | 300 | -881 | 651

(Numbersin Red indicate positive deviations

exceeding 5°C; Blueindicates negative
deviations exceeding 5°C.

(Numbersin Red indicate positive deviations

exceeding 100%.




deviations of the 1983-84 La Nifia offer little
similarity to those of the 1998-99 event.

Precipitation tended to be above normal
during the 1983-84 event (see Table 2b).
especially in Dec. and Mar., and to alesser
extent in Feb. The East Coast stations were
mostly wetter than normal, except for Jan, with
Dec being the wettest month during this event.
West Coast stations were more likely to be drier
than normal, with nearly all the western stations
reporting below normal precipitation for three of
the four months during this event.

The precipitation reports at the 14 U.S.
stations for the 1998-99 La Nifiaevent (see
Table 3b) bear little resemblance to the 1983-84
event. The simplest description of the 1997-98
LaNinaevent wasthat it tended to be drier than
normal, although there were some cities that
received higher than average monthly
precipitation amounts but not as frequently asin
the 1983-84 event.. Hence, it isimpossible to
generalize precipitation patternsin U.S. cities
based on these two La Nifia events.

4. CONCLUSIONS

The following conclusions are drawn
from the analysis.

a) The 1983’84 LaNifiadid have an impact on
the weather of the United States through its
effects of temperature and precipitation. Several
different patterns were produced by these two
parameters, affecting each region in aslightly
different manner.

(i) Temperaturestended to be warmer
than normal on the West Coast, but cooler than
normal in the center of the country and
especially on the East Coast.

(ii) Precipitation amounts tended to be
drier than normal on the West Coast, mixed in
the center of the country, and wetter than normal
on the East Coast.

b) When comparing the two different LaNifia
episodes, there was considerable variability.

(i) During the 1998-99 event,
temperatures tended to be warmer than normal
and drier than normal. Thisran counter to
conditions during the 1983-84 event.

(ii) These two eventsdo not provide a
definitive model for temperature and
precipitation values for 14 stations across the
country. These two events were not particularly
strong, as indicated by MEI index values (1983
'84: -0.505; 1998-'99: -1.015). Perhaps more
intense LaNinaevents would provide a better
situation for determining anticipated weather
conditionsin U.S. cities
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