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EXECUTIVE SUMMARY

Weatherconditionsfrom year to yeararemorevariablethanthoseof 40 yearsago.
Averageprecipitationhasincreasedover the period,resultingin an increasedfrequency
of flooding. Subsoilmoistureandthe stateof the El Niño cycle areuseful indicatorsof
long-termweathertrends. Neartrendcrop yields since1996havebeenassociatedwith
the low risk portion of the 18-year cycle (Benner cycle).
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 CLIMATE TRENDS AND AGRICULTURAL MANAGEMENT

INTRODUCTION

Climatechanges;it alwayshasandalwayswill. As we learnmoreaboutclimate,we
get an indication of the extremesto be expected. Somechangesappearto be cyclic,
giving us some indication of what to expect next.  

CYCLES

Diurnal Cycle

The diurnal cycle is so well known it neednot be mentioned. Someaspectsof the
day-nightcycle should,however,be emphasized.The temperatureis higher in the day
thanat night, but thereareexceptions.Wind speedsarehigher in theday thanat night,
but thereareexceptions.Thunderstormsandtornadoscandevelopanytime,but aremost
common in the evening.

Annual Cycle

Thesummeris warmerthanthewinter, but the recordhigh temperaturein Januaryis
warmerthansomevery cold daysthathaveoccurredin July. Precipitationcanoccurany
time, but June or July is often the “wettest” month of the Year.

El Niño Cycle

The El Niño as originally namedis part of the Annual Cycle, but the event of
sufficientstrengthto influenceweatherbeyondthevicinity of Perudevelopsevery4 to 7
years. The “strong” eventhas cometo be known as El Niño aroundthe world. The
typical El Niño lasts14 monthsandhasa measurableimpacton weatherin the central
UnitedStates.TheEl Niño is oftenfollowed by La Niña with quitetheoppositeweather
impactsand an averageduration of 10 months. The averageduration is not to be
consideredasa limit to thedurationof theseevents.A 3-yearLa Niña hascontributedto
droughtconditionsin the U.S. High Plainsthat haveimpactedwheatproduction,range
condition, and vulnerability to range and forest fires between2000 and 2002. The
indicationsof a shift to El Niño during thewinter of 2002-2003bring somepromisethat
over-winter dryness may be less a problem.

Historically, theU.S.CornBelt hasnot experiencedwidespreaddroughtduringanEl
Niño season.The likelihood of flooding is not strongly influencedby El Niño, but the
greatfloodsof 1993occurredduring anEl Niño event. Themoreseriousdroughtyears
tend to be associated with the La Niña phase of this cycle.

Oceantemperaturesarethedominantinfluenceon thevariability of Earth’sweather
andclimate. Anomaliesof oceantemperatureareoftenlong-livedastheheatcapacityof
the top six inchesof the oceansexceedsthat of the entireatmosphere.The oceansare
readily availableas heat sourcesand as sinks becausethe turbulent nature of water
transfersheatbetweenthe surfaceanddeeperlayers. The currentsof the oceansmove
vast amounts of heat about the Earth’s surface.
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Drought, Flood, and the 18-Year Cycle

Droughtsevereenoughto reducethe nation’scorn yield to 90%of the USDA trend
line (http://www.usda.gov/nass/aggraphs/cornyld.htm) occurred 17 times during the
1900s. Althoughthis putstherisk of droughtat about17%,or oneseriousdroughtevery
six years,it is betterto statethat threeseriousdroughtsoccurduring an 18-yearperiod.
Widespreadcropdamagefrom excessiveprecipitation(sufficient to reduceyield to 90%
of trend)occurredonly twice during the past100years. Local floodsandlocal drought
are not explained by the known cyclic behavior of the weather.

The patternof favorablecrop yearsand drought yearsis apparentfrom weather
records,crop yield recordsand growth of treesas expressedin annualgrowth rings.
SamuelBenner,a Midwest farmerof the 1880s,publisheda depictionof the repeating
16-18-20year price cycle for grainsand pig iron. FarmerBenner’soutlook extended
from 1885 until 2000 and proved accurate to ±1 year.

90-Year Erratic Cycle

Theconsistentweatherof 1940-1972is often termedthe “benign years.” Post1972
weatherhas beenincreasinglyerratic. Periodsof consistentand erratic weatherhave
beenidentified to cyclewith a periodof approximately90years. Theeventsappearto be
in synchronywith theGleissbergCycle(Perry,1995;Damon,2001)of solaractivity (the
Gleissbergcycle is usuallyconsideredto be about88 years,but variationsof the period
areexpressedby someauthorsto asshortas70 years). If theweatherpatternsthathave
repeatedover the past 800 yearscontinue,the harshestyearsof this century will be
observed near the year 2025, and a benign period will follow.

Longer Cycles

Weathercycles of 400-500 years influencing Midwest precipitation have been
suggestedbut not well verified. Numerousweathercyclesmayexist that repeatover the
millennia. The 100,000-yearcycles of glaciationsappearto be consistentwithin the
geological record.

Non-cyclic Climate Change

The increaseof annualprecipitation in the Midwest has not beenidentified as
consistentwith known cyclic behavior. The rateof global (andpossiblyof planetary)
warming is an issuethat is held by many to be the result of humanactivity and not a
result of natural climate variability.

Leading Weather Indicators

Therisksassociatedwith weathermaybe assessedon the basisof occurrenceduring
the pastcentury. A finer evaluationof immediaterisk (drought,flood, heat,cold, etc.)
maybe derivedfrom existingweathercondition. Theconditionsor indicatorsthathave
proved most useful for anticipatingweatherof the coming year are: existing subsoil
plant-availablemoisture,the 18-yearcycle, El Niño, and the 90-yearcycle. Over a
slightly shortertime period the positionsof the semipermanentHigh and Low pressure
regions and persistence of existing weather conditions may be considered.
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USING LONG-RANGE FORECASTS IN RISK MANAGEMENT

Soil Moisture

Cropsarenot sensitiveto rain. It is true thatpoundingrain canphysicallydamagea
plantor may erodesoils,andwetnesson the vegetationmay influencedisease.Overall,
crop successis independentof rain. The crop is not independentof soil water
availability. Only rarely arerain andsoil moistureavailability synonymous.In regions
where growing seasonprecipitation is not sufficient for optimal crop growth and
development, initial plant-available subsoil moisture is critical to crop yield.

In westernIowa,growingseasonprecipitationis sufficient for cropneedsonly 20%of
all years. Initially, dry soilsresultin a 60%to 70%chanceof severeyield reduction. An
initial high soil moisturelevel reducesthe chanceof drought-relatedyield reductionto
28%. Growingseasonprecipitationmeetscropneedsin half of all yearsin easternIowa,
andan initial dry conditionresultsin only a 50% to 55% risk of severeyield reduction
(Shaw, 1983).

A meteorologistmaydefinedroughtdifferently from a farmer. To themeteorologist,
a drought is a period of substantiallyreducedprecipitation. To the farmer,a drought
occurs when plants do not have sufficient water available for normal growth and
development,or may includeinsufficient drinking waterfor livestock. During the 2000
growing season,considerableconfusion was engenderedby the U.S. Government’s
announcementof severeMidwestdrought. Annualprecipitationwas13 inchesdeficient,
andthathadanadverseimpact,mainly on hydrologicconditionsincludingriver flow and
municipalwatersupplies. The impacton Midwest plant-availablesubsoilmoisturewas
slight. Many, if not most, crop yield outlooksanticipatedseveredrought impactsthat
were not likely to develop. The misinterpretationof the water situation resultedin a
multi-billion dollar miscomputationof grainmarketconditions.Thereis no suchthing as
a 13-inchplant availablewaterdeficit. The maximumdeficit possibleis 10 inches,the
field capacityof the subsoil layer. The deficit of the subsoil at the time of the U.S.
Governmentadvisorywasabout5 inchesandcould becompletelyeliminatedby normal
May andJuneprecipitationin the centralUnited States(aswasthe casein mostof the
region).

Severalsoil waterassessmentsareavailablefor risk analysis. The betterknown are
the Crop Moisture, and the Long-term Moisture, Palmer computations.  Both products are
estimates.TheCropMoistureanalysisis generallypublishedeveryweekandis of direct
value to crop production risk assessment (Fig. 1).

Using Climate Cycles

Cyclesof climaterangefrom a 24-hourcycle of day andnight to the 100,000-year
cycles of glaciers. The annual cycle essentiallydeterminesagricultural production.
Thoughlessreliable thanthe annualor daily cyclesof weather,somemulti-yearcycles
arebeneficialto productionrisk planning. The "BennerCycle" of some18-19yearswas
establishedby the year 1885. Initially derived from 80 yearsof variability for grain
prices,thecyclewasimmediatelyrecognizedaswell correlatedwith thetree-ringrecord
of climate. The GleissbergCycle of solar activity appearsto havea closeconnection
with the variability of weatherover theapproximate90-yearperiodof solaractivity and
may be the causeof an apparent90-year "global temperature"cycle indicated in the
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weatherobservationsof thepasttwo centuriesandimplied in proxy recordsoverthepast
millennia. 

Therisk of droughtis onein six, asdeducedfrom seventeendroughteventsover the
past100years. Analysisof annualcropyield recordsindicatesthatthedistributionof the
droughteventsis not random.SamuelBenner(1891)proposedthatthedroughtpatternis
governedby an18-19yearcycle. Othershaveproposedthat thecycleis 20-22years. It
is difficult to identify the exactperiodof cyclesthat havehigh "noise" levels,as is the
casewith the Bennercycle. Treering analysisover the past800yearsindicatesthat the
period is closerto 19 yearsthan to 22. Thereis somedesireto know the fundamental
"cause"of a cycle, and the 22-yearsunspotcycle and the 18.6-yearlunar cycle are
popularcandidatesfor the driving force, but no clear-cutfavorite hasbeenidentified.
The patternis, however,sufficient for risk planning. Bennerproposedthat thereis a 6-
year high-risk phaseand a 12-13 year low risk phaseof the cycle. Two droughtsare
likely in the high-risk phaseandone(moderate)droughtis likely during the subsequent
12 to 13 years. 

Whensubsoilmoistureis low during the high-risk six year time period, the risk of
severedroughtis greaterthanwould beexpectedduringthe12 low-risk years. Usingthe
Bennercycle to managerisk is of greaterutility thanassumingrandomoccurrenceof 17
droughtsand21 high-yieldyearsovera century. Using theBennercycleandthesubsoil
moisturesituationis an improvementover theBennercycle alone,in that the likelihood
of an individual year being of high or low yield can be estimated rather that just assuming
the normal 1-in-3 chance for the high-risk years.

A 90-yearcycle (Gleissberg)may be of usein nationalplanningbut is not of great
utility in year-to-yearrisk assessment.It is notedthat crop variability from 1940-1973
wasmuchlessthanin previousor subsequentdecades(Taylor,1996). Treering analysis
indicatesthat episodesof reducedweather(and thus yield) variability are periodicand
can be of potential utility (Stahle et al., 1998). 

El Niño Cycle (ENSO)

WhenI first studiedthe El Niño in the early 1960s,it wassaidthat it "reversedthe
tropical rain pattern"andhad little or no impactelsewhere.Becausethe 90-yearcycle
wasin thelow yield variability portionof thecycle,this mayhavebeentruefor thetime.
Subsequentto 1972,theEl Niño hasexhibiteda strongapparentinfluenceon cropyields
in manyextratropical localities. Riskplanningin theU.S.CornBelt canbemadepurely
on the phaseof the ENSO (El Niño SouthernOscillation) events. The Southern
Oscillation Index (SOI) is a simplified indicator of the status of the ENSO
(http://www.longpaddock.qld.gov.au/SeasonalClimateOutlook/SouthernOscillationIndex/
30DaySOIValues/). During La Niña years,the "risk" of droughtis doublethelong-term
average.Whencombinedwith the initial subsoilmoisturesituationandthe phaseof the
Bennercycle, cropyield of aboveor below the trendcanbe anticipatedat a confidence
level of 80% in the U.S. Corn Belt.

Carlson,Todey and Taylor (1996) evaluatedrisk associatedwith the Southern
OscillationIndex (SOI) for the U.S. Corn Belt. The analysiswas for strongly positive
(La Niña), neutral,and for stronglynegative(El Niño) conditionsin eachof the central
U.S. states. Very large crop yields are most likely during the negativeSOI, and a
tendencyfor droughtis signaledby a positiveSOI. The agriculturalsignalwasderived
from 5-month averagesof the SOI. Operationally, the 30-day and 90-day moving
averagesareusedto evaluateandto anticipatetheconditionof theENSO-relatedevents.
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The 30-day trend gives a reasonable 90-day change indicator and the two combine to give
a reasonable approximation of the 5-month results (Taylor, 2002, in process).

Week-by-week general information on the ENSO can be found at numerous
locations on the World Wide Web. The daily view of cloud, land, and sea temperatures
is also of some general utility to the person watching the long-range forecasts.  Good sites
for these include:  www.ssec.wisc.edu/data/g9/latest_g9wv.gif 
www.elnino.noaa.gov
www.dnr.qld.gov.au/longpdk

LEADING AGRICULTURAL WEATHER INDICATOR APPLICATIONS

Initial subsoil moisture, phase of the Benner cycle, and the SOI comprise the "Leading
Agricultural Weather Indicators" during the time between harvest and the establishment
of a crop. Risk analysis using the three indicators has proven 80% reliable during the
past 80 years for the central U.S. It must be noted that the magnitude of each parameter
is geographically dependent, and risk factors are accordingly different in Nebraska and
Indiana even if the soil moisture is initially identical.

Seasonal weather patterns that tend to persist from May through August are often
apparent by mid-April. The principal patterns for agriculture are the Persistent Pacific
Negative Anomaly (low pressure in the Gulf of Alaska), the Bermuda High/Reiman
Index (RI), and the Pacific Decadal Oscillation (PDO). To some extent these factors are
reflected in 6-10-15 day forecasts and in the 30- and 90-day forecasts. Risk analysis
should not include both the 30-day forecast from the National Weather Service and the RI
and Gulf of Alaska conditions. It is reasonable to compute risk based on observed
conditions and to make an independent analysis using the long-range forecasts. The two
computed risk plans might then be compared. Each assessment requires that initial
conditions be included. Regular monitoring of the RI and of the SOI also gives some
confidence that the conditions assumed in the creation of the 30- and 90-day forecasts
have not changed abruptly (or that they have changed).

The long-range forecast seems to work best when the crop to date has been assessed,
and then the forecast is applied to determine if the risk under consideration is likely to
increase or to decrease. The crop condition assessment may be made from the reported
crop condition published by the "Statistical Reporting Service"
(www.usda.gov/nass/pubs/staterpt.htm) or computed from a resource capture crop model
(Shaw, 1983).

An overview of the Shaw (1983) resource capture model is given by Taylor (1999) in
"Introduction to Crops and Weather" (www.extension.iastate.edu click on Weather). The
model assumes that crop yield is a function of crop water stress. In the U.S. Corn Belt
crop yield is usually a function of crop water stress only. During the 1970s, there was
yield-limiting disease and occasionally yield is limited by sunlight or by temperature.
The temperature effect may be as often as one year in three; light is limiting less than one
year in seven in central North America. Resource capture yield models in Europe must
include sunlight to be effective. Using the model by Shaw, the reduction in potential
yield is computed on a week-by-week basis. The forecast risk is computed by simulating
data through the end of the growing season based on the long-range forecast. The Shaw
model has proven to be accurate to within 3% of actual crop yield for the state of Iowa.

Most long-range forecasts are designed for risk management in that the skill and
probability associated with the forecast are given to the user. The U.S. forecasts are
available at www.cpc.ncep.noaa.gov/products/forecasts. The world precipitation forecast
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associated with the SOI is published in Australia and includes all the "noise" of the years
when the SOI was similar to the present. The SOI is not the only factor considered in
that this is a correlation type product. When a physical cause/effect model is used, the
noise from other factors is not included. The U.S. long-range outlook often includes the
mark "CL" in regions without a significant climate signal, advising the user to refer to
climate records for guidance; the Australian outlook is a good climatological example
(www.dnr.qld.gov.au/longpdk).  

ANALOG FEATURES

Recognition of repeatable weather patterns and the usual outcome is known as analog
forecasting. Some risk information is gathered from what the weather is doing now and
what usually happens next. For example, a major drought to the east of a region in North
America is often followed by a local drought later in the season or the following season.
Sixteen of the seventeen U.S. droughts of the 20th century began in the southeast U.S. and
migrated westerly. One drought began in Manitoba and migrated southeast. No major
droughts have originated in the southwest U.S. and migrated northeast. Many have
observed that dry localities are likely to stay dry; coupled meteorological forecast models
are indeed influenced by the wet and dry soil surface in the forecast region. There are
numerous other factors to be considered as analog to expected developments. 

ELWYNN'S UPDATES

Comments by the author are regularly available on the Iowa extension web site:
www.extension.iastste.edu; click on Weather; click on NPK. The author has regular
radio broadcasts on WOI (public) Radio 640 kHz at 12:45 p.m. central time (12:10 p.m.-
1 p.m. on Fridays) that can be monitored over the web at:  www.woi.org/live . 
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Fig, 1.  Crop Moisture Index. (www.usda.gov/agency/oce/waob/jawf/wwcb.html )
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