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Climate variability creates enormous problems with agricultural production and in
natural resource management. Preparedness is needed. Climate forecast information
could help farmers to stabilize yield through management of agroclimatic resources
as well as other inputs (Gommes 1997). However, effectiveness of climate related
preparations for enhanced agricultural production and protection can be improved
through close collaboration among the relevant agencies and organizations, National
Extension Services, National Agrometeorological Services and farming communi-
ties (Weiss et al. 2000). Although there may be other constraints before a forecast
can be factored into decision-making, it is often these stakeholders that need addi-
tional information to offset risk as much as possible (Ziervogel and Downing 2004).
Many farmers involved in participatory decision making processes have shown
interest in using climate information and try to implement their own management
practices. Farmers have built a strong knowledge base from practical experiences
(Balasubramanian et al. 1998) gained over generations and this knowledge has to
be valued for potential gain in farming. Stigter et al. (2005) stressed the use of
traditional methods and indigenous technologies for coping with climate variability.

Crop production in industrialized societies is primarily monoculture. These mono-
cultures are input-intensive, depending on agrochemicals (fertilizer and pesticides)
for high productivity. Plants in this system feed at the same level in the soil and draw
the same nutrients. Pests associated with the crop tend to build up with favorable
climatic conditions, necessitating the intensive use of pesticides to manage them.
Biomass accumulation in monocultures is exponential in pattern. This pattern is
modified by plant density.

Hansen (2002) argued that agricultural decision makers would realize the poten-
tial benefits of climate information only if farmers are prepared for viable deci-
sion options. Effective forecast applications impose intensive demands on coping
skills, as they are implemented through adjustments of possibly many interrelated
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decisions. Coping decisions that are realistic and adoptable by farmers need to be
investigated for associated risks (Ingram et al. 2002). Ideally, to get optimal prepa-
rations, farmers and researchers exchange information, most often through inter-
mediaries, that is useful for each other in a participatory co-learning approach to
properly understand decision options through discussions supported by economic
analyses.

Farmers in general, and specifically dry-land farmers, take cropping decisions
mainly influenced by the input costs and perceived risks of economic loss, because
of crop failures resulting from climate variability. Although farmers possess good
understanding about their crops and give primary importance to economic returns,
risk aversion is their boon to achieve higher production, even during a good rainfall
season. Seasonal rainfall forecasts are required to take technical decisions on options
like (a) choice of cropping system: single or double crop, (b) crop maturity type, (c)
optimum plant population, (d) when to sow a first crop or a second crop, (e) deci-
sions on application of fertilizers and their quantity and (f) taking into account the
likely effect of seasonal climate on crop yields. The following paragraphs and boxes
list some preparedness strategies for dealing with climatic variability as adopted
in agricultural production. The specific examples come from India (Box III.2.3),
Australia (Box III.2.4) and the USA (Box III.2.5).

Box III.2.3

In the Anantapur region of Andhra Pradesh, India, cost of seed is a large
fraction of the cost of cultivation of rainfed groundnut, ranging from 20 to
35% depending on the seed rate used. Hence, it is important to determine the
seed rate for the climate variability of the region. The seed rate used by the
farmers is about half the recommended rate. On the basis of a survey of six
districts around the Anantapur region, scientists have suggested that a major
contributory factor to the low yield is lower plant density practised by the
farmers (Singh and Nageswara Rao 2004). However, Singh’s (1997) synthesis
of field experiments at seven locations in different parts of India showed that
increasing plant density from 15 to 30 per square meter generally increased
average yields only between 3 and 10%. It is therefore necessary to determine
the change in yield with change in plant density for the different types of
rainfall patterns that occur over the region. It was found that in about 38% of
the years, the yield at the higher plant density is higher by over 150 kg/ha−1,
which is about the level required to compensate for the additional cost of
seed. Such an enhancement of yield with enhanced plant density only occurs
for years with good rainfall and hence good levels of yield. Hence, only if
skillful prediction of good rainfall years was possible, it appears appropriate
to prepare for enhanced seed rate beyond what the farmers now use.
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Box III.2.4

(I) In a case study in Australia, Carberry et al. (2000) demonstrated that using
the SOI in preparedness contributed some skill to improving management
decisions over a 2 year rotation. By changing cropping based on the South-
ern Oscillation Index (SOI) phase in the August–September period preceding
the next two summers, average gross margin for the 2 year period increased
by 14% over a standard fallow-cotton rotation, and cash flow improved in
many years because an extra crop was sown. The SOI-based strategy did
however increase the risk of economic loss from 5% of years for the stan-
dard fallow-cotton rotation to 9%, but this risk was considerably less than
the 15% for sorghum-cotton and 19% for cotton-cotton rotations. (II) Also in
Australia, particularly in the northern part of the grain belt, wheat is grown
in an extremely variable climate. The wheat crop manager in this region is
faced with complex preparedness decisions on choice of planting time, vari-
etal development pattern and fertilizer strategy. A skillful seasonal forecast
would provide an opportunity for the manager to tailor crop management
decisions more appropriately to the season.

Hammer et al. (1996) examined the decisions on nitrogen (N) fertilizer and
cultivar maturity using simulation analyses of specific production scenarios at
a representative location (Goondiwindi) using long-term daily weather data.
The average profit and risk of making a loss were calculated for the possible
range of fixed (i.e. the same every year) and tactical (i.e. varying depend-
ing on seasonal forecast) strategies. Significant increase in profit (up to 20%)
and/or reduction in risk (up to 35%) were associated with tactical adjustment
of crop management of N fertilizer or cultivar maturity. Those years with SOI
phase IV in January and February had decreased probability of late frosts.
Consequently, in those years, chance of frost would be reduced for any given
maturity type. Alternatively, in those years it would be possible to plant earlier
maturity types (than those suggested by the fixed strategy) without an increase
in chance of frost damage. The opposite occurred with SOI phase V years,
as the probability of late frosts increased in those years. Hence, it would be
necessary to plant later maturing types to avoid an increase in chance of frost
damage. Tactical adjustment of cultivar maturity resulted in increased average
profit and reduced risk of making a loss.

Box III.2.5

To illustrate preparations with the potential application of information about
ENSO impacts on crops, Hansen et al. (2001) identified optimum manage-
ment of maize and winter wheat in Georgia, USA, for a set of all years for
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each ENSO phase from 1923 to 1997. The management variables optimized
included planting date, the amount of N applied at planting, and the amount
and date of a second N application. The optimal strategies identified for wheat
included later planting, less total N fertilizer, and a higher proportion of N
applied at planting in La Nina years and earlier planting in El Nino years
relative to all years. The optimal strategy for neutral years was similar to the
strategy optimized for all years. Reduced precipitation during grain fill and
enhanced rainfall near harvest (May) tend to reduce wheat yields, thereby
reducing optimal N amounts. In contrast to wheat, the optimal strategy for
maize following La Nina events included earlier planting. The optimal plant-
ing date for El Nino years fell between the optimal values for La Nina and
neutral years, and matched the optimal values identified for all years. The
earlier planting date for maize following La Nina events can be explained by
enhanced precipitation from May to July, and reduced precipitation in August.
The optimal planting dates result in tasseling in mid-June for the La Nina
phase and early to mid-July for the other groups of years. Differences among
ENSO phases in optimal N amounts were small for maize.

In high rainfall areas where there are a series of wet and dry spells, rainfall can be
harvested in either farm ponds or in village tanks and can be recycled as lifesaving
irrigation during a prolonged dry spell (Das 2003). The remaining water can also
be used to provide irrigation for a second crop with a lower water requirement.
However, no one strategy can be adopted universally (Das 2005). In fact, all such
preparation strategies are location, time, crop, crop stage and (to some extent) socio-
economic condition specific. Developing such strategies for each specific factor can
help make agriculture sustainable.

There is need to have a Drought Watch System at district and state levels, which
should be developed, implemented, and managed by experts in meteorology, agri-
culture, irrigation, public health, food supplies etc. (Das 2000). The pre-requisites
for the operation of such a preparative drought watch system are:

(i) a network of rainfall stations, with reliable records of good quality, that are
homogeneous and extend over a period of at least 20 and preferably more than
50 years;

(ii) weekly/monthly rainfall records that are in computer compatible form;
(iii) weekly/monthly rainfall totals that are available at the drought watch center

within 2 or 3 days at the end of the week/month; and,
(iv) the drought watch centers should have the capability of issuing weekly/monthly

drought watch statements whenever the rainfall situation demands.

In general, important information can be provided with a short time horizon for
tactical applications concerning early warning (i.e. short cycle varieties, choice of
alternative cultural systems, real time seed distribution, irrigation management etc.),



III.2.1.(c) The Selection of Actual Preparedness Strategies 319

and with a long time horizon for agro-economic planning with benefits at national
and international scale.

References

Balasubramanian V, Ladha JK, Denning GL (eds) (1998) Resource management in rice systems:
nutrients. Kluwer, Dordrecht, 355pp

Carberry P, Hammer G, Meinke H, Bange M (2000) The potential value of seasonal climate
forecasting in managing cropping systems. In: Hammer GL, Nicholls N, Mitchell C (eds),
Application of seasonal climate forecasting in agricultural and natural ecosystems. Kluwer,
Dordrecht, pp 167–181

Das HP (2000) Monitoring the incidence of large scale droughts in India. In: Wilhite DA (ed)
Drought: a global assessment, Vol. 1. Rauteldge, London/NewYork, pp 181–195

Das HP (2003) Agrometeorological aspects of drought and desertification. In: Agrometeorology
related to extreme events. WMO 943, Geneva, pp 7–34

Das HP (2005) Agricultural drought mitigation and management of sustained agricultural devel-
opment in India. In: Sivakumar MVK, Motha RP, Das HP (eds) Natural disasters and extreme
events in agriculture. Springer, Berlin/Heidelberg, pp 277–303

Gommes R (1997) FAO’s experience in provision of agrometeorological information to the user
community. In: Sivakumar MVK, De US, Sinha Ray KC, Rajeevan M (eds) User requirements
for agrometeorological services. India Meteorological Department, Pune, pp 53–77

Hammer GL, Holzworth DP, Stone R (1996) The value of the skill in seasonal climate forecasting
to wheat crop management in a region with climatic variability. Aust J Agr Res 47:717–737

Hansen JW (2002) Realising the potential benefits of climate prediction to agriculture: Issues,
approaches, challenges. Agr Syst 74:309–330

Hansen JW, Jones JW, Irmak A, Royce F (2001) El Nino-Southern Oscillation impacts on crop
production in the Southern United States. In: Impacts of El Nino and climate variability on
Agriculture. ASA Special publication 63, Madison, pp 55–76

Ingram KT, Roncoli MC, Kristen PH (2002) Opportunities and constrains for farmers of West
Africa to use seasonal precipitation forecasts with Burkina Faso as a case study. Agr Syst
74:331–349

Singh P (1997) Impact of climate variability on groundnut. In: Manton M, Phelan A, Virji H
(eds) Workshop on climate variability, agricultural productivity and food security in the Asian
Monsoon region. Bogor, no pages

Singh P, Nageswara Rao V (2004) Crop models for crop management using seasonal climate fore-
casting. In: Singh KK, Raji Reddy D (eds) Proceeding of National Workshop on Seasonal
Climate Prediction for Sustainable Agriculture, Hyderabad, 19–20 November, pp 39–51

Stigter CJ, Zheng Dawei, Onyewotu LOZ, Mei Xurong (2005) Using traditional methods and
indigenous technologies for coping with climate variability. Clim Change 70:255–271

Weiss A, Van Crowder L, Bernardi M (2000) Communicating agrometeorological information to
farming communities. Agr For Meteorol 103:185–196

Ziervogel G, Downing TE (2004) Stakeholder networks: improving seasonal climate forecast. Clim
Change 65:73–101


	III.2.1.(c) The Selection of Actual PreparednessStrategies for Dealing with Climate as Adoptedin Monocropping
	Box III.2.3
	Box III.2.4
	Box III.2.5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




