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Abstract

This study uses a twenty-three year (1979-2001) satellite-gauge merged

community data set to further describe the relationship between E1 Nifio Southern

Oscillation (ENSO) and precipitation. The globally complete precipitation fields reveal

coherent bands of anomalies that extend from the tropics to the polar regions. Also,

ENSO-precipitation relationships were analyzed during the six strongest E1 Ni_os from

1979 to 2001. Seasons of evolution, Pre-onset, Onset, Peak, Decay, and Post-decay, were

identified based on the strength of the E1 Nifio. Then two simple and independent

models, first order harmonic and linear, were fit to the monthly time series of normalized

precipitation anomalies for each grid block. The sinusoidal model represents a three-

phase evolution of precipitation, either dry-wet-dry or wet-dry-wet. This model is also

highly correlated with the evolution of sea surface temperatures in the equatorial Pacific.

The linear model represents a two-phase evolution of precipitation, either dry-wet or wet-

dry. These models combine to account for over 50% of the precipitation variability for

over half the globe during E1 Nifio. Most regions, especially away from the Equator,

favor the linear model. Areas that show the largest trend from dry to wet are southeastern

Australia, eastern Indian Ocean, southern Japan, and off the coast of Peru. The northern

tropical Pacific and Southeast Asia show the opposite trend.



1. Introduction

Ever since the definition of the SouthernOscillation (SO) (Walker and Bliss

1932) there have been earnestattemptsto link interannual climate variations in the

tropicswith globalprecipitationanomalies(e.g.RasmussonandCarpenter1983,Kousky

et al. 1984,Aceituno 1988,andKiladis andDiaz 1989). Rope!ewskiandHalpert (1986,

1987) defined typical global and regional precipitation anomaly patterns during E1

Nifio/Southern Oscillation (ENSO) episodes from 1877 to 1976. This work was

expanded to include changes in the distribution of precipitation during ENSO

(RopelewskiandHalpert 1996). Furthermore,MasonandGoddard(2001)extendedthe

RopelewskiandHalpert (1987)analysisby usingahigh-resolutiongriddeddatasetover

landfor 1951to 1996.

However,for atruly globalperspectiveonprecipitationvariationsaccompanying

ENSO, one mustrely on climate models(Smith andRopelewski1997)or usesatellite

observationsof precipitation. Satellite-gaugemergedprecipitation products have the

advantage of being observationally-based,globally complete, and tied to surface

measurements.Although theperiodof satellitecoverage(1979to present)is relatively

short comparedto the majority of gaugerecords,it is a period of strongand frequent

ENSO eventsandthus useful for developingrelationshipsbetweenENSO and global

precipitationpatterns.



Huffman et al. (1997), in the releaseof the Global Precipitation Climatology

Project(GPCP)Version 1dataset,offereddifferencemapsbetweenthe 1991/92E1Nifio

and 1988/89La Nifia. Xie andArkin (1997)showeddifferencemapsbetweenwarm and

cold ENSO episodes. Trenberthand Caron(2000)updatedglobal ENSO-precipitation

co_e!ation patterns and Dai and Wigley (2nn0_...... . ,_sed_. _..PNFs of....satellite information

combined with century-long rain gauge records to characterize ENSO-induced

precipitation variability. These analyses inherently assume a linear relationship between

precipitation anomalies and the phases of ENSO (wet/dry during La Nifia; dry/wet during

E1 Nifio). Also, while seasonal depictions of ENSO are given, these analyses are

ultimately snapshots of ENSO and little is said of the evolution of precipitation anomalies

during a typical warm or cold event. Here we characterize E1 Nifios from 1981 to 2000

with the most recently developed merged satellite-gauge rainfall product - GPCP Version

2 (Adler et al. 2002). Regions are identified that experience significant precipitation

anomalies in either two or three stages during a typical E1 Nifio.

2. Data

GPCP is the World Climate Research Program (WCRP) ! Global Energy and

Water Cycle Experiment (GEWEX) project devoted to producing community analyses of

global precipitation. GPCP's Version 2 monthly data set (hereafter referred to as GPCP)



is an extension of Huffman et al. (1997) in space and time. Aside form low-

orbit-satellite microwave,geosynchronous-orbit-satelliteinfrared,andrain gaugeinputs

describedin Huffman et al. (1997),GPCPincludesTOVS data(Susskindet al. 1997)to

fill in missing or uncertaindata in high latitudes and OPI data (Xie and Arkin 1998)

trainedon the 1987-1998period to extendback in time. The endproductis a monthly

globally completeobservationalprecipitationdatasetat a 2.5 degreegrid from 1979to

present.

A recent application of GPCP was monthly indices of ENSO in terms of

precipitationanomaliesassociatedwith the Walker Circulation (Curtis andAdler 2000).

In summary,areaaveragesof precipitationanomalieswerecalculatedthroughoutlarger

domainsencompassingtheMaritime ContinentandcentralPacific. The largestpositive

anomalyin the Pacific was subtractedby the largestnegativeanomalyin the Maritime

Continent, and the normalized difference was defined as the E1 Nifio Index (EI).

Likewise, the largestpositive anomalyin the Maritime Continentwassubtractedby the

largestnegativeanomalyin thePacific,andthenormalizeddifferencewasdefinedasthe

La Nifia Index (LI). Finally, thetwo indiceswerecombinedinto theENSOPrecipitation

Index (ESPI), where positive values indicate the warm phaseof ENSO and negative

valuesthe cold phase. A weakenedWalker Circulation (positive ESPI)duringE1Nifio

induceslargeshifts in tropical convection,which throughanomalouslatentheatrelease,

changeslarge-scaleflow regimes,andultimately affectsglobalprecipitationpatterns.



3. GlobalE1Nifio-precipitationrelationships

Fig. 1 shows normalized precipitation anomalies for E1 Nifio and La Nifia

compositesbasedon ESPIandtheE1Nifio minus La Nifia difference. As discussedin

previousstudies(seesection1), whenprecipitation is enhancedover thecentralPacific

and reduced over the Maritime c_....,_.._..,,_u.._._,._,during E1 __T_"',_.,,,,then ._,...,-_i,,rates are

anomalously high off the horn of Africa, central Asia, the southern Indian Ocean, the

southeast Pacific, the Gulf coast of the U.S., and North Atlantic (Fig. la). Rain rates are

anomalously low throughout much of Africa, the southwest Pacific, the Caribbean, the

Amazon basin and equatorial Atlantic, and the southern tip of South America (Fig. l a).

Whereas, during La Nifia, when precipitation is enhanced over the Maritime Continent

and reduced over the Pacific, precipitation anomalies are of opposite sign to those

described above (Fig. l b). This is reflected by the fact that the difference field (Fig. lc)

is very similar to the E1 Nifio map (Fig. l a). Roughly two thirds of the globe is either,

wet during La Nifia and dry during E1 Nifio, or dry during La Nifia and wet during E1

Nifio. This suggests that the remaining third of the Earth either has a nonlinear

relationship with ENSO or is unrelated to ENSO. For example, North Africa, the eastern

subtropical North Pacific, and the Northeast U.S. are dry for both La Nifia and E1 Nifio.

In the Southern Hemisphere New Zealand is dry for E1 Nifio and La Nifia, whereas just to

the south it is wet during both phases of ENSO.



While there are obvious ENSO-precipitation relationships in the tropics,

interesting featuresare alsoseenin themid- to high latitudes. The E1Nifio minusLa

Nifia difference(Fig. lc) producesprecipitationdepartureswith spatialcontinuity over

largedistances.The canonicalprecipitationanomaliesover landappearto beconnected

" _" the ,_th_mvia the oceans in a horseshoe pattern. Wet ,_ond_.,,ns extend :n S.._. _. hemisphere

from the Pacific southeastward across Chile and Argentina into the South Atlantic Ocean.

In the Northern hemisphere the counterpart feature extends across the southern U.S. and

Atlantic Ocean into Europe (Fig. lc). Further to the west a negative anomaly extends

southeastward from the Maritime Continent across the South Pacific and through the

Drake Passage. The Norhtern hemisphere counterpart crosses the North Pacific and

southern Canada (Fig. lc). Finally, enhanced precipitation extends from the horn of

Africa northward to central Asia. The southern counterpart appears to extend as far south

as the Ross Sea (Fig. lc). These patterns are also seen in polar projections of the

Northern and Southern hemispheres, Fig. 2a and b respectively. Negative preciPitation

anomalies are found in the western North Pacific and Canada while positive precipitation

anomalies dominate Asia and extend in a band from the tropics through the U.S. and into

the North Atlantic (Fig. 2a). This banded structure is even more apparent in the Southern

Hemisphere (Fig. 2b), where there are fewer land masses to impede precipitation signals

emanating from the tropics. Positive precipitation anomalies from the central Pacific and

Indian Oceans and negative anomalies from Australia spiral into the Antarctica continent.



This is consistentwith a studyby Sinclair et al. (1997)which showeda similarpatternin

ECMWF meansealevel pressureandcyclonedensityanomaliesduringE1Nifio.

4. Evolutionof globalprecipitationanomalies

The typical El Nifio e,olu_,,n is here,_,_...,_u_o_,'_'_as_h,_,,_,,_,-_,,o,,_,.e,_ of the six episodes,

from 1981 to 2001. We purposefully exclude the questionable 1979-80 E1Nifio, which is

weak according to standard E1 Nifio definitions (Trenberth 1997) and not accompanied by

any signal in the ESPI. Fig. 3 shows the 24-month evolution of ESPI used to define the

1982-83, 1986-87, 1991-92, 1992-93, 1994-95, and 1997-98 E1 Nifios. Pre-onset is

defined as the three or four months before the ESPI goes positive. Onset, Peak, and

Decay months, all with positive ESPI values, are grouped somewhat subjectively. Onset

(Decay) months lead (follow) the Peak months and have generally lower ESPI values

(Table !). Post-decay months are defined as the three or four months that follow after

ESPI goes negative.

Each E1 Nifio event differs in overall strength, position within the annual cycle

and length (Table 1). For example the 1982-83 event peaks between October and

February, while the 1986-87 event peaks between March and August. The 1991-92 event

has a very long Onset stage, while the 1992-93 event has a very long Decay stage. Thus,

the results from this section are meant to show average conditions and are not necessarily

applicable to individual events. A more detailed description of rainfall patterns during



eachof thesixepisodesis givenin theAppendix. Furthermore,thecharacterizationof an

individual E1Nifio canbe somewhatdependanton the metric used. Table 1 showsthat

the SSTin theNino3.4 regionwashighestduringthe 1982-83episode,while thegradient

of anomalousprecipitation measuredby ESPI wasmost pronouncedduring 1997-98.

Also, for _:"_ t tau vc out of the SlX E1 Nifios the peak ESPI value led _h,_ peak Nino3.4 value by !

to 5 months (Table 1).

4.a Composite maps

First the months used to define the six E1 Nifio episodes were sorted based on

their ESPI values and divided equally into five sets. Global percentile-ranked

precipitation anomalies were then averaged over each set. The top three quintiles account

for over 75% of the months used to create Fig. la. Precipitation patterns associated with

the strongest E1 Nifio months (Fig. 4a) are very similar to those shown in Fig. l a,

however the precipitation anomalies are somewhat weaker and the global horseshoe

patterns are more disjointed, especially in the southern hemisphere. Anomalies in the

second (Fig. 4b) and third (Fig. 4c) quintiles, serve to fill in these discontinuities. For

example, an area of enhanced rainfall in the Indian Ocean in the second quintile (Fig. 4b)

falls between two centers of positive precipitation anomalies in the first quintile, off the

horn of Africa and to the east of Madagascar (Fig. 4a). Negative anomalies to the east of

the Drake Passage in the third quintile (Fig. 4c) extend the deficit of precipitation found

to the west of the Drake Passage in both first (Fig. 4a) and second quintiles (Fig. 4b).



The fourth (Fig. 4d) andfifth (Fig. 4e) quintiles aremostly composedof pre-onsetand

post-decaymonthsanddonot contributeto theglobalE1Nifio-precipitationrelationships.

Next, thenormalizedprecipitationanomaliesareshownfor thePre-onset,Onset,

Peak,Decay,and Post-decaystages,definedin Fig. 3. Pre-onset(Fig. 5a) resemblesa

weak La _'"-zx,naevent The most striking feature is negative nro,"initnticm anomalies

covering the southern tropical Pacific contrasting with positive anomalies to the north

including Hawaii. The Onset composite (Fig. 5b) shows a weakening Walker circulation,

with positive precipitation anomalies appearing first in the central Pacific, just north of

the Equator, and negative anomalies blanketing the Maritime Continent. Drier than

normal conditions are also found in the Caribbean Sea, consistent with previous studies

(Hastenrath 1976, 1984; Giannini et al. 2000). Interestingly, a southwest-northeast

oriented line connects these three centers of action. The spatial continuity of anomalies,

mentioned in section 3, is already present during Onset. Reduced rainfall stretches from

the Maritime Continent southeastward to a band in the southern oceans and

northeastward to the U.S. West Coast. Enhanced rainfall in the central Pacific extends

southeastward across southern South America and northeastward through the southern

U°S.

The Peak composite (Fig. 5c) is similar to Fig. la. The major anomaly centers are

aligned zonally along the Equator, but branch out into the mid-latitudes. During this

stage the positive anomaly horseshoe emerges in the western Indian Ocean. The Decay



composite(Fig. 5d) showsaweakeningof the globalconnectivity. Thezonalgradientof

precipitation anomalies, used to construct the ESPI, is weaker than the meridional

gradientsin the central Pacific. The negativeanomaliesover the Maritime Continent

have dissipated,while the centerof enhancedrainfall hasmoved southof the Equator,

t-_-t- c,fsandwiched between bands of below no_-mal rainfall. It is dry over Mexico and n,,.&ea_

Brazil and wet in the South Atlantic Convergence Zone. The Post-decay composite (Fig.

5e) has La Nifia characteristics, but does not particularly resemble the Pre-Onset

composite (Fig. 5a).

A few areas of the globe are dominated by positive or negative precipitation

anomalies throughout E1 Nifio from Onset to Decay. However, many regions are both

wet and dry during the course of the evolution. For example, in the U.S. during Onset the

west is dry and southeast wet, while during Decay the anomalies are of the opposite sign

(Fig. 5a,c). On average Australia, southern Japan, eastern Indian Ocean, and the seas

south of New Zealand begin dry and end wet. These intra-E1 Nifio variations in

precipitation are of particular interest and raise the question: can the evolution from the

onset months to the decay months be empirically modeled so as to provide a framework

for regional predictions based on ENSO?

4.b Simple models

Ropelewski and Halpert (1987) provide a benchmark in describing the global

evolution of E1 Nifio-related precipitation, using a first order harmonic (FOH) fit to



twenty-four months of data. Their analysiscan producea two-phaseevolution of

precipitation (dry-wet or wet-dry) if the beginning and ending points are nearzero, a

three-phaseevolution(dry-wet-dryor wet-dry-wet)if thebeginningandendingpointsare

closeto eitherthemaximumor minimum,or acombinationof thetwo. For example,the

evolution of seasurfacetemperaturein the central Pacific occursin threephases(Fig.

6a).

Here we take a different approach and attempt to separate two possible

precipitation responsesto E1Nifio with two empirical modelsof evolution. First, a

thirteen-monthtime rangeis usedto depicttheE1Nifio evolution. This is chosensoasto

excludemost of the Pre-onsetandPost-decaymonths,which areinfluencedby La Nifia

(Fig. 4), and accommodatethe short 1994-95 event. Fig. 6a shows Nino3.4 SST

anomaliesfor the six-E1Nifio average(Fig. 3). Precipitationin thecentralPacific should

follow a similar evolution. The three-phasemodel is simply a normalized first order

harmonicwith themaximumcenteredonzero(Fig. 6b). Thetwo-phasemodelrepresents

the linearcomponentof precipitationevolution(Fig. 6b).

Next the varianceexplainedby bothmodelswascomputedat all grid blocks for

thethree-monthrunningmeanof normalizedprecipitationanomaliesduring thethirteen-

monthE1Nifio episode. Thetwo modelsaccountfor more thanhalf of thevariancefor

51% of the globe (Fig. 7a). The varianceexplainedexceeds0.9 in two bandson either

side of the equator in the Pacific. Other areaswhere the precipitation evolution is

10



essentiallya combinationof the two models include southernMexico, northernSouth

America, theMaritime Continent,andSouthAfrica. Examining the modelsseparately

(Figs. 7b,c) revealsthat for mostof theworld, moreof thetotal varianceduringE1Nifio

is attributed to the linear rather than the sinusoidalmodel. Precipitation showsthe

• "7 xexpected three-phase evolution over the Nino3 4 domain (Fig. , bj. The sinusoidal model

also characterizes well precipitation over Mexico, the Pacific Northwest states, Alaska,

the southern Indian Ocean, and South Africa. In order to determine the sign of the

relationship, a regression map was plotted (Fig. 8a). Mexico, the Northwest states, and

southern Indian Ocean are dry during the Onset stage of E1 Nifio, then become wet with

the mature E1 Nifio before becoming dry again during the Decay stage. The opposite

occurs in Alaska and South Africa (Fig. 8a). The linear or two-phase model shows high

power over Northwest Canada, much of the tropical Pacific outside of the equatorial

strip, the eastern Indian Ocean, and southeast Australia (Fig. 7c). Fig. 8b reveals that the

north tropical Pacific dries during the course of E1 Nifio, while the east-central Pacific,

just south of the Equator, gets wetter. This was seen during the 1997-98 E1 Nifio (Curtis

et al. 2001). Northwest Canada goes from wet to dry and the eastern Indian Ocean and

southeastern Australia go from dry to wet.

Finally, by examining Fig. 8a and b together, movements of precipitation anomaly

centers from Onset to Decay can be identified. One example occurs over the western

U.S. and Canada. The Northwest U.S. extending out into the Pacific shows a significant

11



three-phaseevolution (Fig. 8a), with a wet anomalyduring the Peakphase(Fig. 5c).

Both to thenorthandto thesouthatwo-phaseevolutiondominates(Fig. 8b)with western

Canadaexperiencing a wet Onset and dry Decay, and the opposite occurring over

California (Fig. 5b,d). This suggestsa southwardmigrationof thepositiveprecipitation

-w_r'j'_r f • 7"_1"anomaly center during the lifecycle of the El Nifio and _,,,_j represent a sou_h _ ,_.d shift in

the preferred North Pacific storm track from Onset to Decay.

5. Discussion

This study is a further attempt to quantify ENSO-precipitation relationships on a

global scale, with regional applications. GPCP has the unique advantage of being both

globally complete and based on Observations from space borne instruments and surface

gauges. The record is now over twenty years long and contains the two largest E1 Nifio

events of the 20 tu century. Thus, with only 6 events, a strong E1 Nifio signal emerges in

the analysis.

It was shown that ENSO affects precipitation from the tropics to the high-latitudes

via eastward directed bands that spiral into the polar regions. This pattern is somewhat

incomplete when examining only the strongest E1 Nifio months, as the weaker E1 Nifio

months account for part of the observed connectivity.

On average, about two thirds of the Earth's precipitation had a linear relationship

to the phases of ENSO from 1979 to 2000. However, the remaining one third of the

2 ....



globe had precipitation anomalies of the same sign regardless of the phase of ENSO. The

nonlinearities in the ENSO-precipitation relationship increase as one tries to characterize

the typical evolution. Thus, this study focused on the 1982-83, 1986-87, 1991-92, 1992-

93, 1994-95, and 1997-98 E1 Nifios. A similar study regarding La Nifia events from 1979

to 2000 is underway.

Pre-onset, Onset, Peak, Decay, and Post-Decay composites were constructed from

the six events. On average positive precipitation anomalies appear in the central Pacific

first and move eastward and then southward as the event matures. The largest negative

anomalies are found over the Maritime Continent and South Pacific during Onset, but

shift to the central Pacific during the Decay stage.

Most of the world shows both wet and dry anomalies during the E1 Nifio life

cycle. Here we quantified regional precipitation changes based on two models - a

sinusoidal three-phase evolution and a linear two-phase evolution. A combination of

these models describes the typical E1 Nifio response for the majority of the globe. The

three-phase evolution model is particularly strong over the central Pacific where

precipitation is tied to the evolution of SST. The two-phase evolution model depicts the

shift of convection from the western to eastern equatorial Pacific and the drying of the

north tropical Pacific during E1 Nifios. Many of the traditional ENSO-precipitation

relationships over land (Mexico and Gulf, Amazonia, South Africa) show a three-phase

evolution of precipitation. Oceanic and high-latitude regions favor a two-phase

13



evolution. Another two-phaseevolution occurs in southeastAustralia, which is dry

duringonsetandwet duringdecay.

Unlike manypreviousstudies,herewe removedthe annualcycleandshowedthe

globalevolutionof precipitationbasedon thenormalizedstrengthof thezonalgradientof

precipitation anomaliesin the Pacific. Many regionswere identified that experienced

changesin precipitationin two andthreestagesduringathirteen-monthE1Nifio cycle.In

thatregard,this studyprovidesaframeworkfor ENSO-basedprecipitationpredictions.

Appendix

Here the Onset,Peak,andDecay phasesof the individual E1Nifio episodesare

describedin chronological order. In section(a) the 1982-83,(b) the 1986-87,(c) the

1991-92,(d) the 1992-93,(e) the 1994-95,and(f) the 1997-98E1Nifios aredescribed.A

summaryis givenin section(g).

a. 1982-83

It can be argued that the 1982-83 E1 Nifio was stronger than any other event in the

twentieth century (Table 1). During the Onset phase regions of the Maritime Continent

are below the twentieth percentile, while a band of above average rainfall stretches from

the western U.S. to the west tropical Pacific (Fig. 9a). Pan-America is drier than normal

and central South America and eastern Africa are wet. During the Peak there is a strong

weakening of the Walker Circulation as much of the Maritime Continent and eastern

14



Australia areextremelydry andtherainratesexceedtheninetiethpercentilefor muchof

the equatorialPacific (Fig. 9b). NortheastBrazil is dry andtheEastAfrican horseshoe,

describedin section3, is well developed.In theDecayphasetheprecipitationanomalies

have a zonalorientation in thenorthernhemisphere,with negativevaluesin the tropics

and positive values in the mid-latitudes (Fig 9c). Enhanced..,,_,,4:_ is found in _k_• • O.1111 I_LII I_11_.,

Pacific off the coast of South America and in the Atlantic around 30 ° N and S. The

Atlantic Intertropical Convergence Zone appears drier than normal.

b. 1986-87

Above average precipitation is observed in the equatorial Pacific, at the date line,

during the Onset phase of the 1986-87 E1 Nifio (Fig. 9d). However, the Maritime

Continent is not dry, but rather the north Pacific is, around 30 ° . At the Peak, the positive

anomaly shows only a slight intensification and movement eastward (Fig. 9e). Negative

anomalies now appear from the Maritime Continent to the south Pacific. Precipitation

anomalies are generally weak and not well organized during the Decay phase (Fig. 9f). It

should be noted that central Africa is wet, which is unusual for this phase of E1 Nifio.

c. 1991-92

The 1990s were a period of frequent warm episodes, beginning with the 1991-92

E1 Nifio. Extreme events are muted in the average of the long Onset phase (Fig. 3c). A

third of the months that make up the Onset composite (Fig. 5b) are taken from this event.

Thus, it is not surprising to see negative anomalies over the Maritime Continent, positive

15



anomaliesin the equatorialPacific andnegativeanomaliesin the Caribbean(Fig. 10a).

During the shortPeakphase,anomaliesnearthetenthpercentileextendfrom thewestern

Pacific, through southeastAsia andIndia, and into muchof theAfrican continent(Fig.

10b). Highlights of theDecaystageinclude a deficit of rain over theequatorialAtlantic

andEasternEurope(Fig. 10c).

d. 1992-93

The 1991-92 E1 Nifio was immediately followed by another warming of the

equatorial Pacific during 1993. The Onset phase appears to be a combination of E1 Nifio

and La Nifia precipitation patterns (Fig. l a,b). Negative anomalies cover the eastern

equatorial Pacific and Maritime Continent, while positive anomalies stretch from the

western Pacific northeastward to North America and southeastward to the coast of Chile

(Fig. 10d). An arch of enhanced rainfall is anchored on the horn of Africa. These global

connections are absent during the Peak phase (Fig. 10e). This phase is characterized by a

local gradient of anomalous precipitation between New Guinea/northern Australia and

the western equatorial Pacific. An area of extremely dry conditions is located just to the

north of the center of enhanced rainfall. The Inter Americas Sea and northwest U.S. are

wet. The gradient identified in the Peak phase continues into the Decay phase (Fig. 10f).

The northwest Indian Ocean is one area with abundant rainfall.

e. 1994-95

16



The 1994-95warming wasaccompaniedby a slight weakeningof the Walker

Circulation,asobservedfrom precipitationl TheAustraliancontinentwasextremelydry

during the Onsetphase(Fig. l la). A strong Indian Oceandipole dominatesthe Peak

phase(Fig. 11b). The two-month Decay phaseis noisy and the extremesare likely

unrelatedto E1Nifio (Fig. 11c).

f 1997-98

The 1997-98 E1 Nifio is in sharp contrast to the 1994-95 episode. A coherent

gradient of precipitation anomalies between the Maritime Continent and western Pacific

is seen during Onset (Fig. 11d). The gradient expands to encompass the entire equatorial

Pacific and eastern Indian Ocean during the Peak phase (Fig. 11e). This strong gradient

is reflected by the largest ESPI values on record (Table 1). Strong negative anomalies

cover Amazonia, northeast Canada, and central Africa. Negative anomalies extend from

the Maritime Continent southeastward to Antarctica. During the Decay phase the rainfall

deficit over the Maritime Continent ends. However, strong negative anomalies extend

from the Philippines to the west coast of Mexico (Fig. 11f). Strong positive anomalies

are found over the U.S. west coast, eastern China, and western Indian Ocean.

g. Summary

The maps presented here can serve as a reference for global precipitation

anomalies during E1 Nifios since 1981. However, it must be understood that global

17



extremesarehighly dependenton the numberof monthsthat compriseeachphase. It

shouldalsobenotedthat the 1982-83fields (Fig. 9a,b,c) andthe 1986-87onset(Fig. 9d)

aremuch smootherthan the othermaps. This is an effectof the inhomogeneityof the

GPCP data set. OPI, which is the only input data set over oceanprior to 1986, is

constructed from a !inear regressionrelationship with OLR anomalies. Microwave

estimates of precipitation, which begin in July 1987, are physically related to

hydrometeors.The differencebetweendetectingcold cloudsandcold cloudprecipitation

givesrise to thedifferencein spatialvariability.

As expectedthe strong1982-83and 1997-98E1Nifios aremostsimilar. These

arethe only two eventswhereprecipitationanomaliesover theninetiethpercentilereach

the coastof SouthAmerica. Also, thesearethe only eventswherethe Decayphaseis

characterizedby a strong meridional gradientof precipitation anomaliesin the North

Pacific. Differencesaremost apparent,whenexaminingtheglobal responseduring the

six E1Nifio events. Stronganomaliesfrom a coupleof E1Nifios oftenovercomeweaker

anomaliesof the oppositesign from the remainingevents. Sometimesthis is indicative

of longer-termvariability. For examplein India rainfall rateswerereducedduring the

peaksof the 1982-83,1986-87,and 1991-92E1Nifios,but normalduringthepeaksof the

1992-93,1994-95,and 1997-98events.Also, aregionmayhaveaconsistentresponseto

E1Nifio but occurringin different stagesof evolution. For example,during the 1982-83

E1Nifio Mexico wasdry during Onsetandwet during thePeak,but during the 1997-98

18



E1 Nifio Mexico was wet during Onset and dry during the Peak. Despite the

normalizationprocess,a seasonaleffect may still bepresent,especiallyin regionswith

pronouncedannualcycleslike Mexico.
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Table 1. Measuresof theevolution,longevity,andstrengthof thesix E1Nifios since1981.

E1Nifio

# OnsetMonths
# PeakMonths

# DecayMonths

ESPIavg.
Onset

Nino3.4avg.
Onset

ESPIavg.
Peak

Nino3.4avg.
Peak

ESPIavg.
Decay
Nino3.4avg.

Max ESPI

(month)
Max Nino3.4
(month)

1982-83 1986-87
14 15
4 4
5 6

1991-92
16
10

3
3
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FigureCaptions

Fig. 1 Compositesof normalizedprecipitationfor E1Nifio and La Nifia from 1979to

September2001 basedon the ENSO Precipitation Index (ESPI). (a) E1Nifio: the 91

monthswith the highestESPI values,(b) La Nifia: the 91monthswith the lowestESPI

values, and (c) E1Nifio minus La Nifia. Color bar indicates the number of standard

deviationsawayfrom themean.Multiply valuesby two for E1Nifio minusLa Nifia

Fig. 2 Sameas Figure l a, except in gray-scaleand restricted to a) the Northern

hemisphereandb) the Southernhemisphere.

Fig. 3 Evolutionof sixE1Nifio eventsbasedonthe3-monthrunningmeanof ESPI. (-)

indicatesmonthsconsideredpre-onset,(O) onsetmonths,(P)peakmonths,(D) decay

months,and(+) post-decaymonths. A) Bold line representsthe 1982-83E1Nifio. B)

Bold line representsthe 1986-87E1Nifio. C) Bold line representsthe 1991-92E1Nifio.

D) Bold line representsthe 1992-93E1Nifio. E) Bold line representsthe 1994-95E1

Nifio. _F)Bold line representsthe 1997-98E1Nifio.



Fig. 4 Compositesof normalizedprecipitationanomaliesbasedon themagnitudeof

ESPI. Monthsidentified in Figure3 wererankedaccordingto theirESPIvalueand

dividedinto five equalsets.A) First twenty-threemonths,B) secondtwenty-three

months,C) third twenty-threemonths,D) fourth twenty-threemonths,E) fifth twenty-

threemonths.

Fig. 5 Compositeevolutionof normalizedprecipitationanomaliesduringthesix

identifiedE1Nifio events. SeeFig. 3 for definitionsof the5 stages.A) Pre-Onset,B)

Onset,C) Peak,D) Decay,andE) Post-decay.Color barindicatestherankedpercentage,

where50is normal.

Fig. 6 A) Timeseriesof 3-monthrunningmeanof Nino3.4averagedfor thesixE1Nifio

eventsandcenteredon thepeakmonth. B) Normalized(-1 to 1) first harmonic,solid

line, andlinear,dashedline, modelsof theprecipitationresponseto E1Nifio.

Fig. 7 Varianceof the normalizedprecipitationanomaliesexplainedby themodelsgiven

in Fig. 5b. A) Varianceexplained(0.4to 1.0)by aregressionof both the sinusoidaland

linearvalues.B) Varianceexplained(0.4to 1.0)by thesinusoidalmodelalone.

C) Varianceexplained(0.4to 10.0)by thelinearmodelalone.



Fig. 8 Colorsindicatetheregressioncoefficientsfor A) thefirst harmonicmodelandB)

the linearmodelonto thenormalizedprecipitationanomalies.Contoursindicate

significanceat the5%levelbasedon thenull hypothesisthattheregressioncoefficients

arezero.

Fig. 9 Normalizedprecipitationanomaliesfor the 1982-83and 1986-87E1Nifios. A)

1982-83Onset,B) 1982-83Peak,C) 1982-83Decay,D) 1986-87Onset,E) 1986-87

Peak,F) 1986-87Decay. SeeFigure3 for specificmonthsused.

Fig. 10 Normalizedprecipitationanomaliesfor the 1991-92and 1992-93E1Nifios. A)

1991-92Onset,B) 1991-92Peak,C) 1991-92Decay,D) 1992-93Onset,E) 1992-93

Peak,F) 1992-93Decay.SeeFigure3for specificmonthsused.

Fig. 11 Normalizedprecipitationanomaliesfor the 1994-95and 1997-98E1Nifios. A)

1994-95Onset,B) 1994-95Peak,C) 1994-95Decay,D) 1997-98Onset,E) 1997-98

Peak,F) 1997-98Decay.SeeFigure3 for specificmonthsused.



a) El Nino

b) La Nina

c) El Nino- La Nina

-0.3 0.0 0.3 0.6
(x2) for El Nino - La Nina



-1.2 0.0 1.2



i i i

1982-83
I I I t I I I I I I

May

i

I
Jul

i

I I I I I

Sep Nov Jan 83

i I

I
Mar

i

I

May

I

Jul

i

I

Sep

I
Nov

Apr Jun Aug

I I I I I I I ! I I
Dec Feb 97 Apr Jun Aug Oct Dec Feb 98

F) 1997-98

. I I I I I ! I
Feb 95 Apr Jun Aug

I I ! I I ! I I I I I I
Feb 94 Apr Jun Aug Oct Dec

I I I ! I I I I I I
Sep Nov Jan 93 Mar May Jul Sep Nov

1994-95

Jan 94 Mar May

i I i I I

,, 1992-93

! I I I I ! I I I I I I I I I I I I I

Jun_86 Aug Oct Dec Feb 87 Apr Jun Aug Oct Dec Feb 88 Apr

3.0_ i i i i i i i i _ i _ i i i i i i i i , i i :_2.5

2.0
1.5

1.0
0.5

0.0
-0.5

-I.0

Dec 90 Feb 91 Apr Jun Aug Oct Dec Feb 92 Apr Jun Aug Oct
3.0

3.o [[ ,) , i , , , , , , i , , , , , ,
2.5
2.0 B , 1986-87
1.5

1.0

0.5
0.0

-0.5
-1.0



o) First ESPI Composite

b) Second ESPI Composite

c) Third ESPI Composite

d) Fourth ESPI Composite

e) Fifth ESPI Composite
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A) Nino3.4 Evolution Over Six Events
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POPULARSUMMARY

TheEvolutionof E1Nifio-PrecipitationRelationshipsfrom SatellitesandGauges

by

ScottCurtis(JCET/UMBC)

And

RobertF. Adler (NASA/GSFC)

An E1Nifio is definedaswannerthannormalwatersin theeasternPacific. E1

Nifios last aboutayearandhappenevery2to 5 years. Thewarmingof theoceanhasan
effecton theatmosphereleadingto changesin globalweatherpatterns.Many studies
haveexaminedhow landregionsbecomewetteror drier duringE1Nifio. However,this
studyis oneof thefew that showE1Ni_o-rainfallrelationshipsover theentireglobe.
This is accomplishedwith satellitedatathatbeginsin 1979.

"1-7.2_ ¢.rnsL, this study -- _"confirms that "-- _:_ " - --_ "the etxect of El Nifio on rmma** is not random, but

shows a global pattern resembling a horseshoe. The largest changes in precipitation

occur in the tropics but fan out eastward and towards both the North and South Pole.

Next the six strongest E1 Nifios were examined. While the evolution of each E1 Nifio was

different, some precipitation changes were consistent among the six episodes. For

example, overall the western U.S. is dry at the beginning of E1 Nifio-years and wet at the

end. Simple models were then used to characterize this sort of mutli-phase evolution for

the globe. Areas were identified that either (1) started dry and ended wet (like the

western U.S.), (2) started wet and ended dry, (3) started and ended dry, but were wet in

the middle, or (4) started and ended wet, but were dry in the middle.

The objective of this study was to give scientists a global picture of precipitation

changes during El Nifios since 1979 and provide countries with new information so they

can better prepare for E1 Nifio from start to finish.


