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ABETRACT

Eecent advances in undesianding the role of the El Fliio—Scuthern Oscillation (EFE0) in clinote varo bty present
opportunites for improving efficiency in agricuttural preduction. We investigated the rebtionzships Etwesn EMEO,
chmote and maie yelds in the TLE counbelt, using both observed daota and crop simubtions. Using o time-seres of
sen-surfnce tempergture anomoli= (28TA) from the MIMOE mgon of the Pocific Ocean and historical ecords of
temperaiure and pecipiobion spatolly averaged acress 51 mud-westem climte diveions from 1950 to 1995, we @n
linear cormelation tests ot three different lags. Morthem hemusphers wintertime 55T As wers significantly correbited
with air tempermture at the 95% kevel of confidence 1n both 'rhepm'.'ms ir = —0.32) and :I:'albwmﬁl,.' =041} summer,
but hod opposite signs. Cowrebtions with precipitahion were significant enly in the summer preceding the EMS0 event
ir =0.31). Detended maze vield for the same ara and tme peried was also signficantly elated to S5TAs i the
winter after harvest, mith a cormlation coefficient of 0.39, mndizting, that BEFED accounts for = 1P of interannual
moee vield wanabiliy in the combelt. Crop gromth sinmlations ot seven sites across the regon suggest that wober
strems in July and August 15 the primary couse of lowersd corn veld in La Fhifa yenrs, but shorbened grainfill pened
due to higher temperatures = ako imporiant. The benefits of El Mo rebted rainfall and cooler tempemtures are less
proncunced than the negative impocts of warmer and dryer La Blifias. However, advwance warning of both ERED
pheses may present opporunities for improved crop monogement i the combel. Copyright © 1999 Boyal
hleteorologica] Society.
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1L INTRODTTCTIOM

Interanmmzl climate varbbility posess scome of the greatest risk that fnoers face, either directly though
unpacts on crop yields, or indirsctly via impacts on pest dynamics, fertilizr efficiency or prices Risk doe
to climate varations los been assumsd to be vmvoidable—farm monageme nt & generally based on long
term moenn expectations of climate and crop responses to local edaphie conditions, becavse ssasoml
climate forecasts bave had pegligible skill, and are therefore marely taken into account by farmers when
making momgement decisions However, 1o the last decade, significant progress los been made in the skill
of predicting smsonal to nteranmal climmate, pomarily becvess of pew understnding about the
tekconnections between ooean cirulation and atmosphernic poaeses, offering the potential for deceasing
risk in crop management.

The El Mito —Southern Cecillation (EME0), which refers to fluctuations in both sea-surface tempera-
tures (55TE) in the eastern aqmtoril Pacific and in s=a-kvel pressires in the southem Pacific (Southem
Oecillation Index, 8000, 1= one of the most mportant comroling factor n global imtermomal climote
variability (Ropelewski and Halpert, 1987; Eiladis and Diaz, 1988 Micholk, 1989; Hastenrath, 1995
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Both the poeitive plass, when 55T apommlies are agnificantly higher than ponoal (Bl Mito), aod the
negative plmss, with below poonal 58Ts (La Mita), carry implications for climmtic anommalies. Using
coupled ocean-atmospberes circnlation medels, it is now possible to forecst Pacific S5T anoomlies
(S5TA) up to 1 year in advance with masonable skill (Latif e &f., 1994, Using correlations between
S5T A= and historical clinmte anommlies, as well as covplsd general ciculation models, potentinl exists for
developing seasml climmate forscasting tools which exhibit gkill levels greater than clonee, In soome cases,
when the ssason of mterst follows the penod of peak S5TAs, climmte forecasiz can ke made dimctly,
without lmving to rely on predictions of S85TAs, thereby improving forecast skill.

Amlysess of the iopacts of EME0 on clinmte and crop yields have been mmde in regions outsice the
1.5 faor aver a decade . In Avestralia, where ®rioe long term drovght during the early 1990 was strongly
linked to a pemistent Bl Mito event, beightened awampess of the valoe of climmte prediction in reducing
risk in farmo preduction haz speeded the developroent of appmaches utillismg bng-term clinmte records,
crop simulation models and farm-level economic analyas (Hammoer f @, 1987, Hammer amd Ble Cown,
15%5; Hammer ef af., 1996, Meinke of af, 1996 Hommer ef ol (1996) used a wheat yield sinulation
modke] with ®5vear recards of doily precipitation and temperature for a representative location in
Maorthern Avstralia. They performed a simple soonommic analysis wsing vields from simmilations with varied
nimgen level and cultivar motuoty grovp to test the vale of exiting and potential BR 3O forecosting
methodologies. The results indicate that for the sie tested, an increase in profits and'or decrense in riek
in wheat production & realismd by consideration of the ammsoml forecast that employs the SOL

Eady work on idemtfyving regions of the wodd where BRSO figned signficantly io imterammal climate
variability provided evidence of a climate sigml in the TILS In 1947, Ropelewski and Halpert mported
that El Mito events were associated with ncrsssed precipitation in the southeastem T1S. and in the
sonthern Rocly Blowmntain region. Handker( 1984 found a strong mhtiomship between yvield data from the
mmjor combel states since L&AS% amxd years mnlked weing a classfication scherme of BRSO event inte m=ity,
with El Mito years associted with positive moize yvield anomoliss and La Miga years with negatone
anommlies. Teing moomstrictions from white cak tree rings in Ohio going back to 1640, Cleveland and
Duvick ( 1952) showed a strong correlation between tee ring width and the SOL. Their work indicates that
El Mitio events are associated with a higher probability of wet years in Ohio, and La Mita events with a
higher probability of droughts. When testing monthly precipitation anpd the Palmer Drounght Index from
the current century for their site against the SO0 corehtions wer bwer than with tree rings, implying
that clinmte infonmmation that may not be detected by traditional analyas “accummbites’ 1o the perenmal
phut. BMore recent work by Carlson ef ol (19986) inspects temperatire and monthly precipitation for the
mmin combelt states in BMNSO years. Both precipitation apd maxiomim temperature ino Auvgost were
significantly rebted to BEME0 events in Iowa, Work by Pischota apd Dimeup (1996) oo rebtiomships
between the Palmer Drought Index and EMSO in the TIS indicates that for the mmjority of regions
effected by BMSO0, the mpact follows the peak wintertime 55T apomnles, ather than preceding them, as
the work mentioned above indicates. However, for the weatern carnbel (which they call *Central’), the
tining of the sigml appears to be in accordance with other wodd, with a significant sigmture in the late
sumreer and aunuon of the year keading vp to the moxionmm 58T anommlies.

The abjectives of this sdy are: (1) to dentify the correlations of ss-surfice tempemiues in the
MIMO3 mgion of the Pacific with maze veks and climate variables in the IS cornbelt; and (i) to
urvestigate the phenological effects of EMS0 -related clumnte anormlics on mmize yields nsing a stnulation
maockel Both objectives contribute to the developrent of EME0 -bazssd climnte forecast applicitions in
Crop 1T gerne 1 .

1. METHODE

21 88T, vield and climate data

blomthly mean S8TAs for the MINMOI region from 1950 w0 1995 (Eaplan e al, 1998) wer nad i
linear correlation analyas, The MIMNO I mrion lies between 5,008 and 50°M in britude and 07 and LAl
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Woin longitnde in the Pacific Oomn and & considered to b a prizmry indicator of EMSO. Mean S5TAs
from Movember through Febnuory (MDJE) and March though Tupe ( BLART) were treated as indepen-
dent varimblks. To chesify vears imto EME0 categones, the 46-vear moord was gronped into years with
WETE menn S5T Az higher (Bl Wito yeas), or lower (La Mikha years) than + 0.7 standar] devintions from
the mean anormmly for the period. Although there are other, more complex methods of defining EME0
events (Stope and Aulicierns, 1992; Sitel, 1994, ther appears to be littk mechanistic bads for their
complkxity. The criterion we use, strength of the S5TA, is straightforward, commonly nad, and is one
prdicted in BN S0 forscasting schemes, By this critenon, 11 years are classfied as El Mitos, & years am
clazsifisd as La Midas, and 27 years are conaderad pentral (Tahble I,

In order to spatially delineate the minfed cornbelt, average mmize production at the county-kwvel
(LTSDA M ASS Crope Cowunty Data) aver the bst 20 years was ussd to =lect the Agrienliural Statistics
DChiviaone (ASDY) with production above an arbitrary Lot (Figore 1), Blaize yvield data by ASD (Official
Estinmtes, TISDA MASS) from 1950 to 1995 wer then avemged by vear across the region, weighting each
value by the mlative area of the respective ASD. The area-weighted average yvield was then detrendsd by
subtracting the best-fit line frooo yeady valves to acoount for yield incrmass dve to techoology. Where
ASD-kvel vield data are weed in this anakbysis, the linear trend fit to the mgiopal average viekls was 1sed
to detrend the individual district yields

blonthly climate data for the climmte divisions (CT) cormsponding to the selected ASDE were obtained
from MOAA. For the study area, the only dimmrepancy in borders between ASDe amd CDs ocours in the
northern tier of Mssouri where ASDE 1, 2, amd 3 corespond to Cs 1| and 2. BMonthly mean
propitation, temperature and Paboer Drovght Severity Index (PDSL wer spatially averaged for the
region, likewize with moize yvields Tustfication for grouping all climate divisions in the cumently defined
cornbelt was bassd on climate-zone amlyss across the TIS performed by Fovell and Bovell (1593). In
their cluster amlysis all but 11 of the 30 CDs included in our defined region fall into a homo gensots
group they termo the "Bast Centml’ region. The other 11 Chs we include in the cornbelt am located on the
northern tier of Iowa and the southern edge of Binnessota and Wissonsin, which they define as the
‘Martheost Tier'.

MIMO 3 55TAE were averaged into three periods: winter previots (MDJE-1); spring previous ( BLART -
1y and winter following (MEJE + 1) the crop season. Becoua the EMSO climmte sigml is thought to be
mmnifest on a tune-aak of smsons mather thanat a resolution of months means for three agropormically-
relevant periock were created for sach clitmate vanablk: March-April-bay (BLAR, germination and
establiehiment); JTune—Tuly—Aungust (JTA, tasseling and grainfilly; amd the total combined menn (labe lled

TableI. Clesfication of vears | 1950—-1995) inbo EMED phoses, based on MO IF-avemnge
S5TA in the MIMCS region, see tent for more details

El Mo Teutral La Mim
1851 1950 1971 1955
1957 1952 1974 196
19a5 1953 1977 19aT
Lo 1954 1973 18750
187z 1956 1979 1973
1976 1953 1960 1975
1952 1958 1981 19
1934 1860 1983 1953
1937 1861 19835
e8] 1962 1958
1954 1963 1990
1966 1932
1963 1993
1925
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Pigmre 1. Agrcniuml Sofistics DEtrcds inchded in sindy. Sonnties for which maee sivmbions were o ore bbellsd

‘All", Comehtions between the three lag periods of SSTA, the three clinmtological mean penods, and
mmize yviekls were cakulated.

2.2 Crop sorudations

Simmlations of maze growth and yield wer pedormed with the DESATI simlation envimomnent
which uses CERES-Maze (Jomes and Emiry, 1985) to model crop development and intemctions with
site-gpecific weather and sails data. Daily weather moords (maxiomim and minioun teraperature, salar
radiation, and precipitation) for years spamning 1951 - 1994 were obtained for eight sies in the combelt
(Figure 1). Thee generic soil types representative of the region were teed in these simmlations a silt kbam;
a sandy leam; and a clay leam; with phot-available water decreaang in the oder presented. Eoot growth
was dearibed as decrensing exponentially with depth down to 120 cm. The minimum photing date was
get to the earlisst date common to each boation, but conld be delayed until ambied ail temoperaiire
reached 12°C ar higher Bach year was simmbited independently, and mins were initihted on JTamarny 1 to
allew for ail moisture equilibration.

Mfaize cultivar was defined as a mid ssason-mataring varety (Poeer 3384 for all sites except Sioux
Falls, 51, and BMadizon, WL which vasd cosfficients for an earlier maturiog maze varety (Piopser 37200,
Mitro gen levels need in the simnlations are bosed on state-wide average nitrogen vsage per unit area of
fertilizer applied, reported by the ERS -MASE. Simmbted application of fertiliser was set for the total being
applied at the planting date. Site-sgpecfic siomlation mputs are listed io Table I

i. RESULTS

3.1, Climate indicators

Corehtions between ssazonal temperature, precipitation, PDEL, maize vields and MIMO3 85T Asat the
three g pericds are shown in Tabk I, A correlation = +029 E significant at the 9% kevel of
confidence . bid-anmoer (JTA) temperature has significant pesitive correlation with the previous winter
HIMOY index (WMIDJE-1), and & negatively comebhted with the anccesding winter index (MIDJFE + L.
Temperature in the spring monthe appears vorelated to the MIMO3 index.

Copyright & 1999 Fovol keleonologicnl Soceiy fer. J. Climeml 19: E77-55% (1999
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Table II. Stes cheosen for nouze sinuiations and amccoted medel inputs

e Site code Mitrogen appled Earlie=t planting Cultivar
ikg ha™h
Siux Falk, 5D EFED 62 May L5 Piz 3720
kladson, WI RIAWI 71 Kay 5 Piz 3720
Diax hlcanes, TA DRITA 105 May 5 Piz 3394
Pecna, IL PEIL 135 May 1 Piz 3394
Indianapaols, IL I 114 hay 1 Pio 3394
Calumbus=, OH ] 124 May 5 Piz 3394
Kan=e City, MO ECRO 115 Apal 26 Piz 3394
Et. Lous, MO SLAID 115 Apol 26 Piz 3394

Precipitation in mid-swmmer (JTA) bos o significant positive correlation with sneceeding winter index
(MDIE 4 1), but neither the preceding winter index npor the spring index show a relationship with
prcipitation (Table TIT). The PIDEL represemts an integration of both teroperatime and pracipitation
variables given soil moistire storage capacity, and & therefore potentially more relewant to clirate —crop
interactione. Thi iotegration resilts in correlations with the MIMO3 index that show less extreme levels
(Table IIT), none of which are sigmficant in any of owur pre-defined pericds. This may be relatsd to a lag
i dronght effect, which would peak in the end of summer.

1.2 Obsrerted maize .I'E.i'ﬂr.'l'

The correbition coefficient determinesd for the relationship between average aomml observed oormbelt
maire yvields and BFING 3 58T froon the winter following harvest, 039, & significnnt at the 98% level of
confidence (Table ITT). This indicates that conditions developing i bite swnmer leading up the peak of an
EMED event (MDIE 4+ L) aceount for slightly more than 15%% of yield vadabiity in the cornbelt. The sign
of the comehtion is in agreement with other work (Haondler, 1984 Cadson ef 2., 1996), positive

Table IO. Corrmbtion betwesn BIFGS S5TA and tempemture, precipintion, and

Palmer Dirought Seventy Index (PDSL) avemged over harch, Apnl and klay (RIABRY,

June, .T1.|J_'. , and August (ITAJ, and Karch 't]um.llg,h October (AllY, and s=sonal moe=
yields

EETA lag pered Cormbtion coefficent r

Tempemtune Precipiaton PDEI Mace yvield

ial Previous winter —0.17
MLARKI 0.0 Q15 Q.22

ITA 041 Q.03 Q.10

Aldl 0.2 Q.14 018

(b} Current spring 004
BIARI 0.03 Q.23 0.2s

1A 0.3 0.0 025

All 0.05 Q.20 Q.28

ic) Follwing winter 0.3
MLARKI Q.10 Q12 Q03

ITA —ig 32" Q31" 025

Adl =017 0.5 a2zl

E5TAs nzsd in correbhtior are from: (o) the previots wamer; (b) spring months; and (g) 1he
following winler

* Indimtes signfconce ot the 95%0 kvel of confidence

“* Indxates signdiconce ot the #5990 kvel of confdence
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Figure 2. Eolio of defrended moiz vields by Agriculium] Stotistics District in B 19160 veors 1o pewiml vears in) ond Lo Mibn veors
1o nentral vears (b, 1950- 15935

anommlies in SST (Bl Mitos) are associated with higher vields and pegative anconalies (La Mitas) with
lonrer yiekds.

The mtio of detrended ASD-kvel vields in Bl Mito or La IMida years to those chssified as mevtral years
is shown by ASD in Figuare 2(a) and (b), mespectively. The spatil pattern of BEMSO infhence is not
homa geneots. In Bl Mibo years, the distocts that tend to love the highest long-tenn yieks, aich as in
centml Towa and Hlinois show mest bepefit from BMSO related clitmate patterns. Simlarly, in La Mika
vears, the arens with the best overall conditions for growing appear to be the lenst pegatirely affected.
Only three ASDe expedenced yield matics of La Bifa-to-neutral years lower than 0.9, The mgion as a
whole experienced a 4% increnss o maze viekls on average over the 11 El Mibos comsidersd here, and a
o decreaz below peutml years during [a Minda years (Table TV

Table IV. Ob=erved average regional mooe yields (1951-1995) detrended 1o 1995 evelks,
grouped by EMED phose

EME0 phaze Tield Ted mto
i=td, la, ha-ty [event _l.r:u:s-u.rutl:n] yenrs )
El Miio S30 (627 L
La Mian Tall (770 085
Feutml S000 (655)
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Fignre 3a-h Smuloted morze vields resuling from the nvemge of simmbtions nsing three soal 1vpes izl loam, sond bam, ond chy
Jonm) versns obesrved commiy-leve] mce vields o1 eight sies in the 115 corobel, 19721592 % ond ** indicote signdiconce of the
25 ond 9990 levels of confidence, respectivel:
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3.3, Simulations

The average of simmbted moize yields vsing three sail types at each of the eight sifes 15 shown plotted
against obsered county-kvel yvields for the period from 1972 to 1992 (Figure 3). At all sites, the simonlated
yields nnder-pradict obarred vields in poar years and over-predict yields in better years. This is partially
due to the effect of spatially-averaging obaerred yields. The range of observed county-level yields is from
glightly over 2 t ha—"' (at Sio Falk, WD and Eansas City, MO, to jua over 10 t ha~"' (at Peori, IL).
Simulated vields range from complete cmop failires to just over 111 ba ', Simonlated maize yvields predict
observations most closely at Des Moines, TA (»*=0.55) and Eamsas City, MO (»® =0.59). S lated
vields at Colunbus, OH were not significantly correlated with observations, and were therefore dropped
from the analyas. Predictions at other siteg, thongh statistically significant at the 85% level of confidence,
range from fair to poor. BactoE important in detennining final yield nmecomnted for in sirmbtions, snch
as pests and excess water, may be responable for the poor predictive ability of the model at some sites.
Better agreement wold be desirable, but the mode] sirmlations are adequate for the limited purpose of
the pressnt nvestigation.

Table V. Simubted moee vield mbes, EHE0 veas neutml years, by sie and sl type

S Bl Percentage change from
neutral years
El Biio La Mina
Sioux Falls, B0 Chy lam 3 ]
Eand beam 3 -3l
Sikt leam 5 —19
Bdean 4 —3d
Wadizon, WI Chy leam =5 -1
Zand keam -8 —25
Zikt beam -1z —-17
Klean -8 =23
Dies hcunes, TA Ch_'. Joam 13 =24
EZand beam 1& =20
ikt Joam 1 —17
Bdean 13 =21
Peccn, IL Chy kam —& —15
Zand beam a —14
Sikt leam a —13
Bdean -2 —-17
Indianapals, M Chy leam a —2a
EZand beam 7 —-19
Zikt beam 3 —17
hdean 5] —-19
Kanms City, MO Chy lam —15 =22
Sand kam —15 —13
Sikt leam -9 —13
Bdean —10 =11
=t Lours, KD Chy leam 11 -
Zand keam 3 3
Sikt leam B 7
Klean 9 4
hlean by scal type Chy lam L =13
EZand beam 1 —-15
ikt Joam 1 —14
hlean all zes and ok 1 —15
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Fignre 4. klean diference in smmbied number of davs from more flewernng 1o the end of grain fill n more belween Bl Mito ond
meuiml vears, ond Lo 1950 and nentml vears of seven sies in the 115, cornbelt

Simmlation owtput was divided into BRED events veing the coterin defined above. In Tabk ¥, the
percentage clonge in simmlated yields in El Mito and La Mita years froon nevtral years is shown by ate
and sail type. The pementage change in [a Mifa wears from neutral years is negatire at all sites except
St Lonis, MO, The average decreaz in simmmbited moize yield across all &ven sites is jua under 18% in
La Miha years, whik in Bl Mido yeas, simlated viel & essentially vinchanged from neutral years. The
ranking of sites with mapect to siimbted yield decreases in La Miik years & roughly in agreement with
the ASD categorintions shown in Figure 2 b). Sioux Falls and Madison are the mos negatively affectad
sites, whik Des Moines, Indibnapolis and Peori rank thied, fourth and fifth with mepect to decreasess in
yields in La Mita years relative to mentral years, although the absohite decrenze in yield is exaggerated in
the simmilations.

At most sites, the e gative topact of climate dunng La Mita years & modified by sodl type. Decreases
in yekd becomme smmller as the phnt-available water incmaszes (clay loam to silt leam), indicating that
water & a limiting factor. This tend & not as evident 1o the Bl Mitio-to-meutral matics, emplosisng the
likeliboosd that other factors, aich as temoperatire, are mwore significant looitations than water avaiability
curing El Miso years, Only Des Moines shows a strong posire mepomss in sumilated yield to El Mito
years., At most other sites, the change from newtral-year yields is very small, and at Madison and Eameas
City, yvields in Bl Mito years, as in La Mifn years, are lower than in neutml years.

In order to asass the bopact of clonges in temmperature, sronlated developros ot mates were avemged by
plenological stage for each BEMSO plose. Ther was no change by EMNSO plose 1o the early gowth
stages, with plenol gy in all subsets of years advancing at appoxinmtely the same mate. Io the bter
period of growth, five out of seven sites showed faster deve lopooent from flowenng through gminfill inLa
Mita years than in neutral year: (Figure 4. At Sionoe Balls, Maodison, and Des Moines, grainfill was
shortenasd by anaverage of 7days. At Madison, W, developroent in both Bl Wito and La Mifa years was
shortenasd rebhitpre to nevtral years, which oy exphin the decrenze in yiel foumd in both ploses at that
gite (Table ¥). At both Missoun sites in the south, a minor slbwiog of development mtes between EME0
plosss wer found in these simibtions.

The effect of the cambination of temoperature and water stres on growth was assssssd for each BEIMESD
plose by snmmerisng the decreas in simulated tramspiration below the potential. In the period between
flowering and the beginning of grainfill, only at Sioux Falk was there any noticenble difference in water
stress between EMED phoses. At that sie, sioulations indicated an avemge of = 23% reduction in
photosynthesis duve to water stress in La Mika yvears compared to about &% in El Mibos( Figure Xa)). This
developroent period generally takes place curing early- to mid-Tuly. Dudng grainfill in mid-Tuly through
Aungust, simmnlations resulied in greater waterstress-mhited redoctions in photogynthesis in La Miba years
compamrd to El Mibo vears at all seven sites (Figure bl An approximate twofold increase in sress kevel
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aoours at each site, 20 that sites with the lbowest stress in Bl Miho years alzo have the lowest stress in La
Mitas. Madeon and Indbpapole ar examples of ates showing rehirely bw water sress in thes
sirmlations. Sionw Balls and Dies Momes, alternatively, sbow an almost 30% reduction in photosynthesis
curing graiofill in La Mita yeas, compared to = 25% in Bl Mito years in these simombtions.

4. DISCTISSION ATD CONMCLTUISIONS

La Mita years tend to be warnmer and drier in snmmer than meutral years in the cornbelt. We found
evidence for this both in correlations between wintert ime Pacific S85TAs and emsoml clitmate data far the
region, axl in decreazed obarved and simmbted maze yields, WDIE 85T As from the winter preceding
phuting ar strongly correlated with sumumer tempemtures, bt not with suwmrer precipitton HMODIE
S5T A= from the followmg wimter, however, are well correlated both with temperatie and precipitation
in June, Tuly and Avgust. Correlations of temnperature with S5TAs in the prosding and suoceeding
winters ave opposite sigis, possibly indicating that a rapid change fom one EMNS0 phase 1o the other
i an mporant component of climate predictabiliy, a8 frequently poted (Stone e all, 1995, The
combination of high temperatures amd low precipitation kads to a poor molsthare balanee. Crop model
sirmilations show a greater degree of plant-water stregs and possibly faster developoent (five out of seven
gites) in the later phenclogieal stages in La Mioda years comopared to neutral years. Mo significant
relationship between S5TAE and springtime temperatune or precipitation was found, even nang siomilia-
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Figure 5 klean percent rednction in smubfsd octml fmnspimtion ehine fo potemnl tnspmtion in Bl Mo ond Lo Mifa veors
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necns S5TAs in the test. This lack of a spongtime effect was miflected in crop smmlations, as o
differences in early stage developrment between BENMSO phazes were obeerved.

El Mikos, with coolkr temperatures and better minfall, lead to soroe vield improvernent, but the posioe
unpact of Bl Mibees is lesss propounced than the negative iropact of La Mitas At the ASD-level, obsered
yield ratios were never higher than 1.10 for the El Mio-to-peutral comparizon, while the minioom La
Mita-to-peutml mtio reached 085 Obarved T1S maize viekds for 1997, the stomer preceding the El Mito
of 199798 are reported by the TISDA TASS as the third highest on record, thereby eaaly falling into the
category of above normal viekls as defined here. However, altbough temnperatures remmined coolin typical
El Mitw fashion, an anomalne dry spell during Angust threatened crops but woes relieved by the retum
of rmins hte in the s=ason.

Simmlations, which mflect field -level sail-plant —clitmate interactions, indicate average losesin La Mika
vears of almest 18% across all Ates and =soil types, whik the avernge impovemmsnt in smulated yiekd
assochted with El Mitos was only 2%. Bainfall iz thovght to be the primary limiting factor in maze vields
in the cornbelt, but cool temperatures kad to slbw developrment, incrensing the possibility of lossess o
freezing if the crop is not matie before hareest, Additionally, factoE not represented in the simbtions,
sich as pest and diesmse problems are exacerbated by cool wet conditions, potentially limiting the
bemefits of Bl Mino-fype climate in the cornbelt.

Farmers in the Midwest may take advantage of EMSO -tosed sseonal forecasts by selecting maturity
class of maEe hybrids, altering phnoting date, or clonging nitrogen mamgement scheme. Tn oooler and
wetter Bl Mito years, tuning the crop maturity class and incmazing planting density may b possible to
take adwmantage of the sol moistire later into the season, although extm attention & likely to be required
for pest mmmmgement. Io La Mita years, with high probabality of late -ssason dronght, faster maturing or
dought-esiEtant moize ybods are likely to reduce loses, and decreased need for peaickles may lead o
envimmnental benefits. In chooang the maturity class of maize bybrid, alersd developrment mte due o
changes in simuner temperaturss should be cormsidensd.

The greatest immpact of an BRSO event in the TI.5. cornbelt is felt in the snmmer preceding the peak
SSTA The MIMG3 S5TA is mwerely an index of BRSO, one with maximoun variation at the end of the
calendar year, The EMS0 is a coyele, and & well underway by the summer of an BRSO year. However,
there iz no prior winter, spring o sumuoer season index that identifiss the EMS0 state as clearly as the
WEIE MIMO3, Hence, timely sssoml clinmte predictions will necessarily have to rely on skilful forecasts
of EMS0. Fanoers in this region are planting in Apnl, this requiring sed and iopat prarchazess o= early
as BFebruary or March, BN 80 forecasts madk at a 9- 10-month kad will have to be gkilful enough o that,
when ntilzed in a climate prediction schemme with its own associated erroE, ovemll forecast quality still
warmants consideration in crop management decidons.

O anabysis indicates that there are regoml dfferences in clinate respomse to BEMNSO events acmoss the
cornbelt. Further work detailing the sub-regioml clitmatic influence of BMNSO events, as well as tests nsing
hindeasts of S5TAs are eeded to better define benefits to T8, corn fanmers of vsing EMSO-kaad
ssazsoml climate predictions
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