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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.
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