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A BSTRACT. Using M arkov's chains and selected thresho ld temp eratures critical 10 plants. analysis an d
statistical forecasting of minimum temperatures for a frost-sensitive area uf Greece are attempted. Two thre
sholds. the physical and the physiological (for winter c ereals} "J:eros", are co nsidered separa tely for two stares
(a lower and an upper one), and three (plus a third between the two) states.

Probabilistic forecasting of frost, chilly (between "Zeros"! and warm temperatures is possible, with the
application of Markov's theory, ami useful, particularly in the case of a medium-range forecast.
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I , Introduct ion

T he pro toplasm in living plan ts can funct ion pro 
perly only within a restricted tcrnperat ure range.
Margina l tcmpera tures may dr asticall y retard and even
sto p grow th and out-range temperatures may cause
inj ury to plan ts. No growth of agr icultural impo rtance
ta ke, place when the tem perature approxi mat s th e
freezi ng po int. Man)' tropi cal a nd subtro pica l plant '
ma y be killed by chilly (lo w bUI not Freezing) te mpera
tures, whereas co ld-clima te plant may be Irozcn without
injury.

Thou gh low-tcmperntures effe ct va ries with thc
developm ent al phase a nd the physio logica l sta te of the
crop. crit ical gro wth imp eding or harmful to plant s
tcrnpcratut es ca n be d isti nguished (Vcutskevicb 196 1)
amo ng the most pro no unced are the physical and th e
ph ysio log ical "zero " . Belo w the physica l zero fros t
occurs, while below the physio logical " zcr o"-different
fo r each plant ca tego ry and about 4' C for winte r
cereals-chilly temperatures do not allow practically
a ny gro wth.

T he occ urrence cf fro st has been inves tiga ted in a
ra ther good detail mai nly because of its eco no mic
effect o n hig h-va lue crops and becau se so me cro ps can be
pro tected. Schnelled ( 1963, 1965) ha s published a
a comp rehensive wo rk o n all as pects of frost and fros t
prot ection. T he agromcteoro logical advice against
fros t deal s ma inly with crop -site selectio n (Ba ier 1965;
Schnelle 1965; Hogg 1970) a nd ,hr prot ecti on against
damage (e.g., Desjard ins and Simino vitch 1968 ; Vall i

1970 and Tabard 1971). To meet these goals
climatological a na lysis. in the for mer case. a nd synoptic
forecasting, in the latter case, of minimum tem perat ures
arc mainly used .

Ho wever. since bio log ica l clocks a re set up to wo rk
only when temperature exceeds the physiological zero,
analysis a nd fo recasting of ch illy a nd above, physiolog i
cal zero temperat ures a rc essentia l for estimating growth
a nd develo pmen t rat e and useful when measures 10 a lter
the thermal reg ime experienced by plants ca n be ta ken.

Mar kov cha ins were sho wn (G ringo rten 197 1; Ha nsen
and Driscoll 1977 ; l.cst icnne 1978 ; Alcxan de rsson
1985 ; C haranto nis a nd Liak at us 1989 ; Charantonis 1989)
to be a pow er ful tool in the fo recaster 's hands and they
will be used here for ana lysis and for ecasting of ad verse
(frost a nd chilly) temperatures.

2. Mcl hudolo,::~' and data

To achieve thi s purpose. the ra nge of minimum tem p
crat ures is sub-d ivided to between-limit s ..rnd for below
and above limit states by ( \\0"0 threshold temperatures,
na mely, 0 ' C a nd 4' C. Thus. two and three sla tes cases
are co nside red. In the first, th ere are a lower and an
upper sta te, de fined by either o f t he threshold s, a nd in th e
seco nd , a part fro m a lo wer (b elow 0' C) and an upper
(above 4' C) states, a middle sta te, defined by both
tlu esho lds, is a lso included. Mar ko v cha ins theory,
used fo r ana lysis and prog nos is o f th ese tempera ture
sta tes. is described in dera il in the paper (Charantonis
and U akatas 1989).
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