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ABSTRACT

It has been shown that how climatological information about adverse
weathar events and weather forecasts if available can be used to decide batween
alternate strategies for dryland sorghum and pearlmillat crops grown In semi-
arid areas taking Hyderabad (17° 27° N, 78° 28' E), India as an example.
Until the probability of the weather forecast is above a certain threshold, the
forecast has no impact on the optimal strategy. This threshald is determined
by the loss in yield due to the adverse weather event and costs of protection.
in the case of sorghum and pearlmillet crops, it is shown that a significant
impact an productivity 15 possible if reliable weather forecasts are available

during critical periods of crop growth,

Key words :

In dryland agriculture, farmers are
required to adopt cropping strategies to cope
with rainfall variability both within and
between seasons. If rainfall were uniform
every year. farmers would choose a single
management plan with regard to choice of
cultivars, planting dates, seed rates, fertilizer
application and use of pesticides. As rainfall
variability creates major problems, it never
facilitates adoption of uniform sirategy all
the years, Management practices which take
into account this rainfall variability are likely
to generate a substantial mcrease towards
the sustained productivity. In additon, if it
becomes possible to forecast critical adverse
weather events which promote some of the
insect, pests and diseases and take timely
preventive measures a substantial increase
in yields could be expected. At present
National Centre for Medium Range Weather

Economic value, Forecasts, Pests, Diseases, Protection

Forecasting at New Belhi has been providing
forecasts 5 days in advance for NARP
zones of India. Gadgil er al., (1994) have
shown how the climatological probability
information and weather forecasts can he
used to decide between alternative strategies
for rainfed groundnut in semi-and parts of
kKarnataka, With this in view. the present
study has been initiated 10 ussess the value
of weather forecasts to different weather
sensitive decisions in pest management
(insect pests and diseases) for some dryland
crops which are grown in semi-arid tract of
the Hyderabad region.

METERIALS AND METHODS

Hyderabad (17" 27" N, 78" 28' E)
sitwated in the semi-arid tract of southern
India receives rainfall mostly during the
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southwest monscon season from June to
September. Post monsoon rains are not
uncommon and contribute to around 18
percent of average annual rainfall. Mean
annuzl rainfall at Hyderabad in the past 84
veilrs fus been 76T mm withoa low of 3745
mmin 1980 and a high of 15341.9 mmin 1975,
Variation over shorter periads is very much
large (Table 1). The crops are generaly sown
with the receipt of about 20 mm of rainfall
during a week, The mean weekly rainfall is
about 20 mm or more for 24" 1o 40" week
with coefficient of variation ranging from 84
to 133 percent which signifies the uncertainty
of rainfall sceurrence.

The soils of experimental site are red
shallow loumy sands. The depth of topsoil
vares [rom 5 to 30 cm and below, there exists
acompact heavy layer with 40-60 percent
murrum and fine sopil. Moisture storage in
the profile 1s only 10 percent by volume. The
soils are low innitrogen and extremely low
in phosphorus (Bhaskara Rao and
Vijuvalakshimi, |985).

As the adverse weatherevents like wet
and dry spells promote some of the major
pests and diseases leading to loss of
productivity, these were evaluated for the
cropping season. A first order Markov chain
probability model was fitted to the weekly
rainfall data for the pernod 1971-99 to
caleulite initial and conditional probabilities
(Robertson, 1976 and Victor and Sastry
1979}, The week wis ¢lassified as wet when
the weekly rainfall is greater than or equal
to 30 mm as the potential evaporation in the
region ranges from 21-28 mm per week
during the cropping scason, The week was
considered as dry when the weekly ruinfall
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is less thun 10 mm. These were computed
from 3 week of May to last week of
October (21 - 44" standard meteorologicul
weeks) which is the period during which
rains are received (Table 2).

Concepts

Simple case of choice between two
alternate strategies to adopt a remedial
measure such as application of pesticide at
aeost Cor not adopt itand suffer the loss L
in productivity, if the adverse weather event
oceurs was considered. The decision-maker
will have a choice whether to adopt remedial
meisure of noton the basis of climatological
and forecast weather probability informition
on the occurrence of adverse weather event,
Here, the optimal strategy was assumed 1o
be ane which maximizes the long term
average returns to the farmers by ninmimizing
the effective cost, 1.2, the cost of remedial
measure or the expected loss, as the case
may be (Katz and Murphy, 1997

Strategies based on climatological
probabilities

Consider first the implicatuon for the
strategies on the basis of climatological
probabilities alone. The weather vanable, a
rundom variable, denoted by 8, has only two
possible stales.

(1) adverse weather (8= 1)
(ii} no adverse weather (8 =10)

Chmatological probability of adverse
wedther derived from historical weather
records.

p,=P {B=1] (1)

Journal of Agrometeorology/ceety/16



Tune 2003] WEATHER FORECASTS FOR RISK MANAGEMENT [

Table 1 ¢ Minimum, maximum, mean, standard deviation and coefficient  of varation of
weekly rainfall at Hyderabad

Week Minimmum | Maximum Mean Standard Coelfcent of
Lmmy imm) (mm} | deviabon (mm) variation (%)
22 0.0 TE2 8.6 133 |53
23 0.0 1278 6.4 237 RS
24 (0.0 | 37.8 218 26.3 120
25 1.0 1544 306 321 05
26 (1.0 684 346 KA 02
27 (.0 198.6 31.2 335 108
28 .0 2333 29.6 336 114
20 0.0 2145 38.2 3901 103
30 0.0 153.5 4005 330 sl
3 0.0 322 KL, T 95
32 (10 1459 213 9.8 5]
33 (.0 192.0 309 57 16
34 (L0 1810 352 0.7 |15
i3 .0 156.0) 4.7 355 1012
36 (.0 2k ! 3.6 4.0 117
37 (.0 2779 412 50.4 122
38 (.0 2330 429 46.5 [0
39 (.0 340.6 76 554 |47
0.0 2576 223 382 172
4] 0.0 2377 18,6 4.3 185
43 (14 |33.9 17.6 244 |63
43 (.0 156.0 16.1 289 il
44 Ly 224.3 124 37 248
From o Bayesian perspective, the parameter the decision maker incurs o cost C. On the
p. can be viewed as the prior probability ather and, i the decision maker chooses
ichimatological probability) of adverse not to take protective action. the expected
weather. When protective action 15 taken, loss due to the actual occurrence of adverse
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weuther 1= p 1. Thus: the optimal strategy
For (i) adoption (1) non-adaption in this case

I

oprotect il p, =G
i do not protectif p, < C/L

Strategies based on actual weather
forecast

Forecast information aboot B consists of a

random variable F, indicating o forecast of

aelverse weather (F = 1) ar of no adverse
weather (F = (1), This simple forecasting
system s completely characterized by the
two conditional probahilities of adverse
weither,

p=Pri{@=1}IF
po=Pr{8=1L}1E

bl Y
0

Where p, is the probability of adverse
weather actually occuring when it is
forecast: p, in the probability of adverse
weather occurring when the forecast is for
no adverse weather. In Bayesian
terminoelogy. the parmeters, p, and p,, would
be termed posterior probabilities of adverse
weather. The plausible assumption is made
that forecasts of adverse weather issued
with the same long run refative frequency
us the actual oceurrence of adverse weather
event (termed overall reliability or
unconditionally unbiased ) that 14

PrlF=1 =g, - (4]
However, the above relation implies
that
ti=P) P,
A i (5)
(1-B,)
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That is p, s simply (1-p ), weighted by
the chmatological odds of adverse weather,
p, ! (1-p,). for any worthwhile forecast.
these probabilities satisly the ordering,

Ozp <p,<p <!l (6)

First, suppose that the decision-maker
receives a4 perfect forecast of F = 1. If
protective action 1s not taken, then the
expected loss 15 p, L. If protective action 1s
taken, the cost of spraying the pesticied is
. Hence, the returns will be maximized by
choosing a strategy, which mimimizes the
¢ffective costs: e, Min (p, L, C). This
implies that if p, L > C. the tuking protective
action will minimize the effective costs, On
the other hand, if p L < €, not taking
protective action will maximize the returns.
The strategy recommended for adoption 15
thus,

if p,=CL; protect,

if p <C/L donatprotect

Thus, il the probability of occurrence
of a correet forcast 15 low (p, < (YL). the
strategy recommended 15 not o take
protective action even though adverse
weather 1s forecast.

Simularly,
if p,<C/L  donot protect
if p,=C/L protect

e, if p, » C/L, even though the
forecast is for no adverse weather, the
appropriate strategy is to take protective
action.
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Table 2 @ Probabilities of wet and dry weeks during crop growing scason

Standard Dates Probability of wet Prabability of dry
meteorological week (=30 mmoram | oweek (< 10 mm rain
wiek per week) per week)
21 May 21-27 .14 G:7e
22 28-3 017 (154
23 June 4-1( 023 (.38
24 11-17 038 0.33
75 18-24 0.21 4z
26 25-1 0,338 0.33
27 July 2-8 (42 {(L25
2 9.15 0.25 (1,29
24 16-22 .25 .38
a0 23-29 038 R
il 30-5 (.50 0.29
32 August 6-12 046 .38
33 13-19 0.54 0.25
3 20-26 0.25 (1.54
E 27-02 (.21 e 042
36 September  3-9 .23 0.50
3 10-16 0.33 4
38 17-23 0.30 0.26
39 24-30 (1,29 .46
40} October -7 (.42 038
41 8-14 (.29 0.50)
42 |5-21 017 0.71
43 22-28 (.25 0.63
-t 29-4 {321 0.58
Virlue of weather forecast Y=E -E <o K

The economic money value (V) of the
weather forecast is the reduction inexpected
expense associated with the forecasts as
compared to the expected expense when
anly the climatological probability of adverse
weather s available.

Where E | is the minimal expected
expense, if only climatelogical probability is
avitilable and E 15 the minimal expected
expense on the basis of actual weuther

forecast.
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If the strategy were chosen on the
busts of climatological probability alone, then
the minimal expected expense E is
E = min{C.p L)} o 5

i

If the strategy were chosen on the
hasts of actual weather forecasts, the miniml
expected expense E is

e (3}
e 110N

E=pC+l-pip L
= p[C+(l-p)L]

For a perfect weather forecast (p, =I,
p, = 0. the above equation reduces o

Et=p C

Where E* s the minimal expected
expense based on perfect forecast,

Finally, V can be written us;

Vo= L(I-p)(CL-p,)

for C/L < p, A1
anl
V = Lip,-p,(1-p) - p, C/L)

for C/L>p, i (i)

In the present study, p, ¢an be
substituted by P, tprobability of occurrence
of wel spell).

It ¢can be seen that forany C and L,
the value V increases as p, decreases (i.c.
P, increases), For a given p, the value V
increases with C/L until C/L equals the
climatological prabability pand decreases
with further increases in CJL,

RESULTS AND DISCUSSION

In the Hyderabad region, generally
sorghum and pearlmillet crops are sown in
June with the onser of monsoon and

[Mal. 5, Na. |

harvested after 3" week of September, As
is the case with the other epidemic pests and
diseases, the organisms are always present
al# low level of intensity and can multiply
rapidly when weather conditions turn
favourable and the crop is susceptible w
attack. The wet spell (high relative humidity)
promotes the incidence of downy mildew,
sugary disease (erget), grain mould, shootfly
and stem borer. Losses in yields by pests
and diseases are variable depending upon
the intensity of the amick and crop growth
stage during such an attuck. Estimotes of
typical losses m oyields of sorghum and
peartmillet with incidence of the different
pests and discases and costs of plint
protection measures are given in Tables 3
and 4.

Implications for the case of sorghum and
pearlmillet

The implications of the climatological
probahility information for the choice of
strategies for combating the pests and
diseases of sorghum and pearlmillet crops
are discussed below. On the basis of the
typical costs, losses for cach pest/disease
{Tables 3 and 4) and the climarological
probabilities of the adverse weather evanis
twet week) in the critical periods. the
strategy to be adopted when only
climatologicul probability information 1s
available ds well as when the weather
forecast information is also available
{Tables 3 and 6).

Pests/Diseases in sorghum
Dawny mildew

Downy mildew in sorghum s caused
by Peronoserospara sorgl, which is a soil
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Table 3 : Cost-loss estimites for major pests / discases of sorghum

Pests ¢ Diseases

Growth stage

Cost of plant protection
measures

Typical lass pér
heetare

(unprotected crogp)

Downy mildew

Up to 40 days

Seed treatment with metalaxyl
@ 4 ¢ kg seed (6 kg ha') and
spray days old crop at a cost of
Rs. 1000 ha!

| O
Rs: TOLOOEN-

Sugary disease
{Ergot)

Anthesis stage

Spray mancozeb { Dithane M-435)
(029 al anthesis @ 750 1/ha
and another at an interval of

| (0 davs ar a cost of R 800/ha

50 - 80 %
Ros. SO0-ROO0/-

Ciratn rmould

Gram formalion

sfave

Spray captan (0.1%) +
Aureatunzin (0.02%:) just atter
Flowering and repeat once after
10 days @ 750 Lha' at a cost of
Ry, 850 ha'!.

30 G
[ 500000

Shootfly

Within one
month afler
SOWINg

Apply carboturan granules @
12-13 kg ha' ata cost of
Rs. 600 ha!

Of) - §5%
Ros. QOO O OH0/-

Stem borer

From 4th week
after sowing to
hirvest

Two sprays of endosulfan @ 12
kg/ha + carbaryl & 15 ke ha'
at a cost of Ry, 600hy

35 - 853%
S500-8506/-

Table 4 : Cosi-loss estimates for major diseases of peartmillet crop

Diseases Growth stage Cost of plant protection Typieal loss
measures per hectare
(unpretected
crop) (%)
Downy mildew | Seediotillering | Seed treatment with metalaxyl ) -45
stage @2 g kg seed (5 kg ha') and
spray metalaxyl (0.19%) @ 400 | ha
at a cost of Rg. 515 ha'
Ergol Graun filling Spray captofol (0.29 ) at bool 55-63
stage and 50 per cent flowering @ 400)-
600 1 ha' at a cost of Rs. 260 ha
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horme pathogen. The disease 18 ransmitied
by oospores carried externally on the seed.
The high humidity (26%) and continuous
rainfall during vegetative phise can lead o
high incidence of this disease. The loss in
yield due to this disease at this stage is
reported o be about 100 percent. This is
controlled by treating the seed with metalaxyl
(10,15 and spray an 40" old day crop. The
probability of getting a wet week during this
stage ranges from 0.21 to 0,42, It is seen
from the Table 3 that the climatological
probability of a wet week (p ) during the
critical period are higher than the cost-loss
ratior (C/L). Therefore, optimal strategy
would be to adopt the protective measure.
The equivalent cost based on the
chimatological prohabilities s 1000 Rs ha'
The mimimunt expected expense based on
the chmatological probabilities 18
1000 Rs ha', The minimum expecied
gxpense based on perfect whather forecast
ranges from Rs. 21010 420 Rs ha'',

Crrain moulds

The ocourrence of wet week during
srain formation stage (probability ranges
frome 0.2 1 1 0373 promotes the incidence
of ermn moulds. More than 40 fungi are
reported to cause gram moulds: Because of
the incidence of the disease, 50% of the
grains become soft. powdery and
discolpured. The preventive meuasure
involves spraying captan (O01%) +
aureofungin (0.02%9%) just atter lowering and
repeating once after 10 days, As the
climatological probability of wet week (p )
during the eritical perod is higher than the
cost=loss ratios 1F only the climatological
information were available, then the stragegy

[Vol. 5, No. |

would be to adopt the protective measure.
The minimum expected expense based on
climutolgoical information s about
850 Rs ha' Whereas the eguivalent cost
hased an perfect forecast runges from 178
- 280 Rs ha'.

Sugary disease

Sugary disease (Ergot) 1s prominently
seen soon after the infection by spharcelea
sorgf lake place. Viscous thick honey hike
ooze i held between the spikelets which
Mows out under high humidity. Under severe
infection the honey like ooze deposits on the
leaves and drops on to the soil. It takes only
6-# duvs 1o the formation of honey dew after
infection, Humid weather and continuous
raing at the heading time are considered
favourable for infection. Humid weather and
continuous rains at the heading time uare
considered favourable for imfection. The late
spwn crops are infectéd to a larger extent
than the early sown. The probability of
getting & wel week during anthesis varnes
from 0.46 1 0.54. The loss in yvield varies
From 50 to B0 percent. Thes disease can be
prevented by spraying mancozeb (0.2% ) at
anthesis with another application at 10 days
after anthesis. As the probubility of
occurrence of wet week (p_ ) 1s greater than
C/L ratio, protective action is recommended,
The expected expense 1F protective achiun
is taken on the basis of chimatological
information 15 800 Rs ha ', This reduces o
1 78-280 Rx ha' if the protective uction is
taken on the basis of perfect weather
farecast.

Shoorfly

ShootAy (Atheigona socate ol ) s
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Table 5 : Cost-loss ratios, appropriate strategies and minimum forecast skill in sorghum

Pests/ Adverse Probabilities | Cost Loss CL | Swaezy | Bo E*
Discuses | weather of wetweek | (Rsha') [(Bsha'y {Rsha't| (Rshah
event and i,
eritical
penod
Downy | Wetspell 0.2] 1000 OO0 | 000 | Adopt 1660 210
muklew  Juptodlidays | 042 420
Sugary Wet spell .46 500 3000 (.16 | Adopt &) 3h8
disee Anthesis 5000 (.10
Stage
Crriain Wet spell .21 B30} 5000 17 | Adopt K30 178
i Grm 1,33 280
fosrmation
stige
Shootfly | Weaspell {121 600 tLINN) 0407 | Adopt (00 126
Within one
monthfrom | 042 252
SOWITE
Stemborer | Wetspelbdth | 021 600 3500 001 | Adopt &) 126
week 1o g300 0.07
harvest
.54 324

p. Chmatologeal probability of adverse weatherevent
E  Equivalentcostif the strategy is chosen on the basis of climaticlogical probabilities information alone
B Equivalentcast for astrategy based on perfect forecast

4 widespread and damaging pest in
practically all the sorghum growing areas in
the semi-arid tropics: As a result of larvae
feeding. the central leaf wilts and later dries
up giving the typical dead heart symptom. If
the attack occurs a little later. plant may
produce side tillers that may also be
altucked. Late sowing during the rainy
season increases the likelihood of auack.
The toss in vield was reported to be about

90-100 percent, The eccurrence of wet
week (p, =021 - 0.42} duning 30 days from
sowing promotes the incidence of this pest.
This can be controlled by using svstemic
insecticide like carbofuran (12-13 kg ha')
The probability of occurrence of wel week
in this case also 1s greater than cost-loss raiio
{C/L). Hence protective action would be
beneficial. The expected expense if
praotective action is taken on the basis of
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Table 6 : Cost-loss ratios, appropriate strategies and minimum forecast skill in pearlmillet
Peasts/ Adverse Probabilities | Cuost Loss CL | Swategy | Bo 2
Disgases | weather of wetweek | (Rsha') |(Rsha') (Rsha') | (Rsha')
eventand (p,)
eritical
penod
Diowny Wt spell 0.21 515 () 086 | Mot 126 1033
mildew Adopt
Seed o 2700 | 019 Adopt | 513
tillering stage | (038 600 086 | Mot 228 19
. Adopt
Ersol Wet spell 0.2] 260 3300 | 008 | Adopt | 200 |55
Crrann filling 3500 | 007 Adopt
stage 054 3300 | 006| Adopt | 260 140
3900 | 007 Adopt

Typical yield 1s assumed tobe 20 g/ha @ Rs. 300/quintal
Eo Equivalent cost, if the strategy is choosen on the basis of climatolog ical probabilites alone
E* Equivalentcost for astrategy based on perfect forecast

chmatologeial probability of wet week is 600
Rs ha'. The equivalent cost on the basis of
perfect forecast of wer week reduces to 126-
252 Rs ha''

Stem borer

Stem borer (Chile partellus swin)
larvae pupate and adults emerge with the
onset of the rainy season. The moth catch
in light traps begins to increase during the
peak rainy season, i.e. from 4" week to
harvest. The probability of getting a wet
week during this peniod vanes from 0.21 to
.54 The smaller larvae feed on leaves
producing leaf sacrification and shot holes,
Third star larvae bore at base and produce

adead heart and tunnels the stem, This pest
can be controlled by jointly using endosulfan
{12 kg ha') and carbaryI (15 kg ha'). As
the cost loss ratio is less than the probability
of occurrence of wet week during the critical
period, the strategy is to adopt the protective
measire. The expected expense on the basis
of climatological probability is Rs. 600 ha .
The equivalent cost based on perfect forecast
reduces to 126-324 Rs ha''.

Pests [ Diseases in pearlmillet
Downy mildew

Downy mildew in pearlmillet is caused
by selerospora graminicola. The disease
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is transmitted by oospores. which lay in the
soil and infect young seedlings, High
hurmedity (90 to [00 percent) and temperature
range of 20-25" C favours the infection and
development of the disease, Once the
infection is established, disease can develop
at the normal temperature and humidity, The
most critical stage of ¢crop growth for
infection 1s tllering stage. The loss in vield
due to this disease at this stage is reported
to be about 10-43 per cent. This is controlled
by treating the seed with metalaxyl (0.1 %)
and spray on 20 day old crop. The probability
of getting a wet week during this stage
ranges from (.21 to 0.38. It is seen from the
Table 4 that depending upon the C/L ratio,
the strategy based on climatological
information changes from one i which the
protective measure 15 not adopted to one in
which it is. If the expected yield loss 15 10
percent, it is not advisable to adopt 4
protective measure as the cost of plant
protection measure (515 Rs ha 0 oand the
loss in yield (600 Rs ha'') are comparable.
However, if the toss i yield due to incidence
ol tisease is estimated above 43 percent,
the equivalent cost based on perfect forecast
ranges from 108 1o 196 Rs ha' compared to
eapected exposure based on climatological
expectancy (315 Reha').

Frgor

In the case of ergot disease, wet week
lavours the occurrence of this disease during
gram filling stage. The prbability of such a
spell securring during this stage ranges from
0.21 o 0.54. Here, the entire range of cost-
loss ratmas (C/L) were well below that of
the climatelegical expectancy and the
strategy based on climatological probabilities
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alone is to adopt the protective measure. The
equivalent cost based on perfect forecast
ranges from 55 to 140 Rs ha' when
compared 10 the eguivalent cost based on
chimatological expectancy (260 Rs ha ')

Therefore, a sigmficant impact on
productivity of sorghum and pearlmillet crops
with cost benefit 15 possible 1f reliable
forecast (perfect forecast) of adverse
weither events during the critical periods are
available as the losses due 1o the incidence
of these pests and diseases are high.

Value of weather forecasts in relation to
cost-loss ratios

WVilues of weather forecasts ¥V, which
is the difference between the effective cost
for climatological probability and unbiased
weather forecast were worked out for
different cost-loss ratios ranging from O to |
for different probability levels of correct
weather forecasts (0.2 to 1.0 at an intervil
of (.2} and three probuability levels of
climatological expectancy of adverse
weather (wet spell) (0,21, 0.38 and 0.54).
These were evaluated for pearlmillet crop
as an illustration, The values of weather
forecasts, V. as a function of the cost-loss-
ratios (C/L) for selected values ol correct
weather forecusts pl and two probability
levels of climatalpgical expectancy of
adverse weather event (wet spell, pw) for
downy mildew and ergot diseases are given
in Figs: | and 2 respectively. [t is noted that
for any cost C and loss L, the value V
increases us the probability of correct
weather forecast pl increases. For example.
in the case of downy mildew and for C/L =
0.1, the value, V, of weather lorecast
increases from -440 Rs ha' to 407 Ry ha!
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Fig.1 : The value of unbiassed forecasts V as a function of C/L for selected values of P1
for downy mildew disease of pearlmillet crop
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Fig.2 : The value of unbiassed forecasts V as a fanction of C/LL for selected values of Pl
for ergot disense of pearlmillet crop
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as the probality of perfect weather forecast
merease from 0.2 to 1.0, Fora givenpl. the
value Vincreases with C/L until C/L equals
chmatological probability and decreases for
further increases in C/1.. Hence, the utility
of these forecasts would be limited o the
operations whose relative economic risks
would range between {a) zero and (b) where
C/L equals the climatological expectancy.
These figures can be used on an operational
basis n the cheice of strategies for
combating the diseases on the basis of typical
C/L. ratios and probability levels of
climatolegical expectancy and unbiased
forecast of adverse weather events and
vitlues of forecast.

CONCLUSIONS

It kas been clearly demonstrated how
climatological information about the adverse
weather events can be used in deciding
between alternate strategies and also
whether better results could be obtained with
the use of actual weather forecasts lor the
specific season using the examples of
dryland sorghum and pearlmillet grown in
seasonally semi-and regions like Hyderabad.
1t was also shown that until the probability
of the actual weather forecast is ahove
certain threshold (C/L), it has no impact on
the optimal strategy: the optimal strategy
would be the same as the one derived from
climatological information. This threshold is
determined by the expected loss in yield due
1 the adverse weather event and the cost
of the mitigatory measures,
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