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ABSTRACT

Crop & Food Research has developed a model to forecast the
occurrence of severe barley yellow dwarf virus (BYDV) incidencein
autumn-sown wheat crops in Canterbury based on alate aphid flights.
Thisinformationispotentially valuableto growersin Canterbury, who
can modify their inputs each year according to therisk of BY DV. This
paper uses expected gross margins to estimate the financial benefit of
the Crop & Food Research BY DV Forecast Service to arable growers
in Canterbury. Results suggest that the value of the BYDV Forecast
Serviceispositive, but variesgreatly depending upon forecast accuracy
and adoption rate.
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INTRODUCTION

Since 1981Crop & Food Research staff have carried out suction trapping for alate
aphidsin Canterbury during the autumn and winter. Using historical data collected at
Lincoln between 1983 and 1991, Farrell and Stufkens (1992) estimated a significant
rel ationshi p between aphi d abundance during theautumn migrationand the proportion
of cropswithinfestationsof BY DV greater than 5%. Thisstatistical relationshipforms
the basis of the Crop & Food Research BY DV Forecast Service (Teulonet al. 1999).

Dataon aphid flightsis now collected from four sitesthroughout Canterbury and
one site in Southland. Information on aphid flights and abundance is made available
to growers through printed sources, a dedicated website (AphidWatch.com) and a
telephone answer service. The objective of this paper is to estimate the financial
benefit of the Crop & Food BY DV Forecast Serviceto arable growersin Canterbury.
The analysis presented below, using both survey data and data gathered from the
literature, suggeststhat the value of the BY DV Forecast Serviceiscertainly positive,
but varies greatly depending upon the assumptions underlying the analysis.

METHOD

Thebenefits of the BY DV Forecast Service are derived from the extent to which
growers can use the forecast information to improve their current control strategies.
The standard method for estimating the value of informationisto cal culatethereturns
that agrower would expect to make without the information, and compare that to the
returnsthat can beexpected oncetheadditional information hasbeenincorporatedinto
the decision making process (Pindyck and Rubinfeld 1996). The analysis presented
bel ow isbased onamodel devel oped by Watt (1983), modifiedtoreflect current prices
and strategies that are relevant to the control of BYDV in Canterbury. A more
comprehensive description of the model can be found in Bicknell and Greer (1999).

RESULTS AND DISCUSSION
Value of a perfect forecast
Thevalueof the Crop & Food Research BY DV Forecast Serviceto anindividual
grower will depend onthecontrol strategy they currently useand theway inwhichthat
control strategy is modified in response to additional information. A postal survey of
arable farmers conducted for this research reveal s that the most common method for
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controlling BY DV in Canterbury isto plant after mid-May to avoid the autumn aphid
flight (see Bicknell and Greer (1999) for additional survey details), although more
recently there has been a trend for earlier sowing. Research carried out by the
Foundation for Arable Researchindicatesthat |ate planting may involveayield trade-
off for growers of some cultivars (Johnstone et al. 1998). The grower must decide,
therefore, between slightly lower yieldsduetol ate planting, or therisk of substantially
lower yieldsin years of severe BY DV outbreak.

For the purposes of thisanalysis, growerswho plant early are assumed to choose
one of three additional control strategies: i) to spray prophylactically, ii) to take no
control measuresat al oriii) torely exclusively ontheBY DV Forecast Service. These
strategies can be represented in a pay-off matrix that displays the expected gross
margins from each strategy (Table 1).

The gross margins in Table 1 are representative of a Canterbury wheat farmer
using irrigation to achieve a medium yield of milling wheat. A detailed literature
review, which provides background on the model assumptions, can be found in
Bicknell and Greer (1999). Yieldisassumed to be 6.5 tonnes/haif planted beforemid-
May.BY DV isassumedto suppresstheyield of early-sown cropsby 20%if no control
measures are taken and by 5% if an aphicide has been applied. Late planting is
associated with a yield loss of 5%. Yield in late-sown crops is assumed to be
suppressed by a further 5% in years of BY DV outbreak. Outbreak probabilities are
0.33 for late-sown crops and 0.42 for early sown crops. For ease of exposition the
forecasting systemisinitially assumedto be 100% accurate. Thisrestrictiveassumption
will be relaxed in subsequent analysis.

TABLE 1: Gross margin pay-off matrix for various control strategies ($/ha of
winter wheat at 1998 prices).

Sow Late No Control Prophylactic Forecast
No Outbreak $779.75 $861.00 $827.16 $861.00
Outbreak $702.56 $536.00 $745.91 $745.91
Expected Value $754.28 $724.50 $793.04 $812.66
Standard Deviation $36.29 $160.41 $40.10 $56.80
Value of the Forecast $58.38 $88.16 $19.63

The value of the perfect forecast can be calculated as the difference between two
gross marginsin Table 1. Given the assumptions outlined above, a grower using the
forecast can expect to make nearly $20/ha more, on average, than a grower using a
prophylactic spraying regime, and $88/hamore than agrower who does not control at
al. Growers who plant early and use a completely accurate forecasting system can
expect to make over $58/hamore per hectare than those who delay planting to avoid
the autumn aphid peak.

Unfortunately, the use of expected values masks the magnitude of the costs
associated with making the ‘wrong’ decision in any given year. In years of severe
BYDV outbreak, the cost of failing to control aphidsisover $200/ha. By contrast, the
financial cost of spraying in anon-outbreak year isrelatively low because aphicides
can betank-mixed with other chemicalsand applied when controlling for other pests,
weedsor diseases. At current pricestheadditional cost of an aphicidetargeting BY DV
vectorscould bejustified on economic groundsif it resulted in ayield increase of only
1.5%.

The value of the perfect forecast is highly dependent upon the assumed val ues of
the parameters. Fig. 1 demonstrates the rel ationship between expected gross margin
and outbreak probability for theno control, prophylaxisand perfect forecast strategies.
Thenocontrol strategy dominatestheprotectivespray regimefor very low probabilities
of BYDV outbreak. For outbreak probabilities over 14%, a prophylactic strategy
resultsin ahigher expected gross margin than the no control strategy. If the grower is
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FIGURE 1: Expected gross margin for winter wheat under various control
strategies.

assumed to choose the higher returning of the two alternative strategies, the value of
theforecast can be represented as the vertical distance between the expected value of
the forecast and the expected value of the next most profitable strategy for any
outbreak probability. The value of the forecast for various outbreak probabilitiesis
shown graphically in Fig. 2.

Forecast accuracy also has important implications for the optimal pest control
strategy. Fig. 3 demonstrates that a strategy based solely on forecast information will
not alwaysresultinthehighest expected grossmarginif theforecast issubject toerror.
If the forecast is 80% accurate, the forecast strategy is only optimal for outbreak
probabilities between 3% and 39%. For outbreak probabilities below 3%, ano control
strategy results in a higher expected gross margin. For outbreak probabilities above
39%, a prophylactic spray regime is more profitable on average.

Value of improving an existing monitoring system

Themajority of thegrowersin Canterbury who accesstheBY DV Forecast Service
information useit to increase their awareness of the current risk of BYDV. Thevalue
of theforecast information for these growersisderived from theextent towhichit will
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FIGURE 2: Value of a perfect forecast.
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FIGURE 3: Expected gross margin for winter wheat with an imperfect forecast.

improve their own monitoring system. For illustrative purposes, suppose that a
grower’ sexisting monitoring system isaccurate 50% of thetime. The expected return
from this ‘self-monitoring’ strategy is $759 (Table 2). If, when using the BYDV
Forecast Service information, the grower can improve the probability of spraying
during abad year to 0.9 and reduce the probability of spraying during ayear when no
outbreak occursto 0.25, their expected returnswill increase to $799/ha. The value of
the BYDV Forecast Service to this grower is therefore approximately $40/ha.

TABLE 2: Expected gross margin ($/ha) for winter wheat as forecast accuracy

improves.
Probabilities Values
Spray  Don’t Spray Spray  Don’t Spray
Self Monitoring System
No Outbreak 0.5 0.5 $827 $861
Outbreak 0.5 0.5 $746 $536
Expected Value $759
Improved Monitoring System
No Outbreak 0.25 0.75 $827 $861
Outbreak 0.9 0.1 $746 $536
Expected Value $799

Fig. 4 shows the relationship between expected gross margin and outbreak
probability for aforecast strategy that is 50% accurate, and for a strategy that failsto
predict an outbreak 10% of the time and fails to predict a non-outbreak year 25% of
thetime. The vertical distance between the two linesin Fig. 4 represent the expected
benefits of animproved monitoring system. When the probability of BY DV outbreak
is 20%, for example, the improved forecast increases the expected gross margin by
approximately $22/ha. Thevalue of theforecast increases by approximately $0.83 for
each 1% increase in outbreak probability.

Aggregate benefits of the BYDV Forecast Service

The aggregate benefits of the BY DV Forecast Service information depend upon
the accuracy of the forecast itself, and the extent to which growers throughout the
region modify their behaviour in response to the information. Table 3 gives an
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FIGURE 4: Expected grossmarginfor winter wheatas pest monitoringimproves.

indication of the difference in gross margins for various control strategies, under a
range of assumptions regarding the forecast accuracy.

A perfect forecast assumes that there will dwaysbe aBY DV outbreak when the
BY DV Forecast Serviceindicatesthat alate aphid numbersare high, and that therewill
never beaBY DV outbreak whenthe Forecast Serviceindicatesthat aphid numbersare
low. “Imperfect Forecast 1" assumesthat an outbreak iscorrectly predicted 90% of the
time and a non-outbreak year is correctly predicted 75% of the time. “Imperfect
Forecast 2" assumesthat the BY DV Forecast Serviceis correct only 50% of thetime.
The self-monitoring strategy is evaluated under the conservative assumption that, in
the absence of additional information, growers will only anticipate 50% of the
outbreaks and 50% of the non-outbreak years. The expected gross margin associated
with the self-monitoring system is therefore equal to the expected gross margin from
the less accurate imperfect forecast scenario.

TABLE 3: Value of forecast as accuracy varies shown as the increase in
expected gross margin for winter wheat.

Alternative control strategy Forecast Accuracy

Perfect Imperfect 1 Imperfect 2
Late Planting $58 $45 $4.50
Self-Monitor $54 $40 $0
Protectant Spray $20 $6 ($34)
No Control $88 $75 $34

The aggregate benefits of the BYDV Forecast Service to Canterbury cereal
growers under various assumptions regarding the level of adoption and forecast
accuracy are presented in Table 4. These figures were calculated by multiplying the
increasein gross margin for each control strategy by an estimate of the amount of land
subject to each control strategy. Area figures were extrapolated from survey results.
Inthecasewhereanimperfect forecast resultsinalower grossmarginthan prophylactic
spraying, the grower was assumed to reject the forecast predictions and no benefit or
cost was assumed.

Table 4 indicates that the annual expected benefits range from $29,000 to over
$1.3 million, depending on forecast accuracy and level of adoption. Survey results
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indicate that the BY DV Forecast Service information iswidely disseminated and that
it does have an impact on the decision making process. Whilethereislittle empirical
information available on the accuracy of the monitoring system, it is unlikely to be
100% reliable. Expected annual benefits are therefore most likely to be in the
neighbourhood of $450,000.

TABLE 4: Aggregate benefits from the BYDV Forecast Service in Canterbury.

Adoption
100% 50% 25%
Perfect Forecast $1,339,000 $669,000 $335,000
Imperfect Forecast 1 $909,000 $454,000 $227,000
Imperfect Forecast 2 $118,000 $59,000 $29,000
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