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CHAPTER 1: FROST

Frost is a meteorological phenomenon that occurs when the air tgorpenear the
earth’s surface drops to 0 °C or below. Frost could cause injirisgnsitive crops. The
extent of injuries depends on frost type, intensity, frequency andaudtthe phenomenon.
Plant resistance to frost, variation in hardiness betweenehtfptant parts, different rates of
tissue acclimation and deacclimation will determine the extent of freegurg of the plant.

In Greece, frost crop damages result in economic losses thaly greeted losses
caused by any other weather related phenomenon. Frost is thenpogant threat to Greek
farmers since it accounts nearly 50% of the total losses due to weathel pblt@mena.

Frost forecasts help farmers to reduce any possible injurtegitocrops. Forecasting
accuracy will be improved by using local meteorological factord site specific climate data
(Bagdonas et al., 1978). Frost protection methods (active and pdssipearmers combat
frost.

There is a worldwide need for more and better spatial infoomain frost occurrence
and its associated risk. There is a great need to develop Boatknaps to indicate risk of

frost occurrence.

1.1 Freeze and frost definitions — frost types

Technically, the word “frost” refers to the formation of icestays on surfaces, either
by freezing of dew or a phase change from vapor to i@(Bét al., 1963). The word frost is
used by the public to describe the condition when plants experieezeny injury. There are
numerous definitions of frost such as the following:

When the surface temperature drops below 0 °C ; and the existerlog cfir

temperature that causes damage or death to the plants (VertiisH®E8; Vitkevich,

1960)

The occurrence of a temperature less than or equal to 0 °C measar&tevenson-

screen” shelter at a height between 1.25 and 2.0 m (Hogg, 1950, 197%Entew

1952)



Frost is defined as the condition which exists when the air textypemear the earth’s
surface drops below 0 °C (Kalma et al. 1992). A freeze exists atema widespread
region the air remains below freezing (0 °C) for a sufficiemiodeof time (at least 1

or 2 days) (Huschke, 1959).

Based on the existing literature definitions, Snyder and Pauloeade-Abreu (2005)
in their book published for the Food and Agriculture Organization of the dUNi&tions use
the following definitions:

A “frost” is the occurrence of an air temperature of 0 °C orelpwneasured at a
height of between 1.25 and 2.0 m above solil level, inside an appropriate meegher. A
freeze exists when over a widespread region the air remaiow liiedezing. Water within
plants may or may not freeze during a frost event. When plarggefretracellular or
extracellular freezing takes place. Intracellular freeasmgmmediately fatal. Extracellular
freezing may cause injuries. The injury extent depends on plaistamce to frost. This
resistance is associated with a critical temperature belueh a malfunction or death of the
cell takes place.

Frosts are usually classified in two different categofieama et al. 1992) namely
advective and radiative:

a. Advection frosts are a result of large-scale cold wind incursaiten from polar

regions. These types of frosts have the following characteristics:

They can develop during day or night

They are associated with windy conditions and a well-mixed

atmosphere

Air temperature may be less than 0 °C during day

b. Radiation frosts are a result of intense longwave radiation coofirntge earths’s

surface due to energy loss during calm clear nights. These ¢ydesst have the
following characteristics:

There is an associated temperature inversion

Clear, calm nights

Air temperature is greater than 0 °C during day



Snyder and Paulo de Melo-Abreu (1995) have indicated cases wheobsieed
conditions are considered as “micro-scale advection frosts”. These daxsir when radiation
frost conditions exist in a region but cold air drainage on a ke leads to rapid loss in
temperature within the radiation frost area.

The most damaging frosts are the advective frosts followeddigtion frosts. In this case
advection frosts drop the temperature to near 0 °C or below followatehring skies and

drop in wind. As a result a severe radiation frost occurs.

1.2  Climatology of Greece and frost

Frost has been a subject of studies that deal with the averagh @Enfrost-free
period (or growing season in days) and the frost intensity-daraiind frequency
relationships.

Trewartha (1954) has published a world map showing the averagjé lef frost-free
period. According to this map Greece is divided in three zones:

Zone 2 which comprises regions that experience occasional wiosts.fiThat zone

includes southern Greece and the islands.

Zone 3 comprises regions that experience frost-free seasonsxtesd 240 days.

This zone includes central and some parts of northern Greece

Zone 4 where the frost-free period seasons are between 180 atay24@ome parts

of northern Greece are included into this zone.

Zones 2 and 3 are of significance importance in that they ayevedatile to frost
because:

The occurrence of frost events is either relative infrequentieigtowing season is

greater than 240 days

Frost events can cause significant damage s to crops

These zones include agricultural regions with very important feynsuch as

Meditteranean agriculture and cash crop farming and specialized horticulture

It is very important to note that a more analytic map isdedeadapted to the
geography of Greece that includes many islands with mountaimeas as well as varied

terrain in continental Greece.



In Greece both frost types (advection, radiation) occur. Also swoalé advection
frosts occur in valleys and depressions. The most damaging fresteeaadvection frosts
followed by radiation.

The frost free period in Greece has been a subject of seved#sstA frost free
period is defined as the period between the latest spring andsteadtemn frosts. A study
contacted by Kotini and Zabakas (1983) verified that the lengttheffrost free period
decreases as the latitude and height increase. The studyoméscied using data from 86
meteorological stations in Greece. Below, tables 1.1 and 1.2 $isofiost-free period for

areas with varying height and latitude respectively.

Table 1.1 Frost-free period in 30 meteorological stations in Gre@de height is in meters

and greater than 100 m.

STATION H J
(m)
PLATANOS 851
TZERMIADES 820
ANOGIA 740
KALAVRITA 731
TRIPOLIS 661
FLORINA 650
KOZANI 625
DOMOKOS 615
PTOLEMAIS 601
LIDORIKI 600
DESPHINA 590
POLIGYROS 545
KONITSA 542
IOANNINA 483
ANAVRITA 290
EDESSA 237
TATOI 237
KIMI 222
KALAMBAKA 217
THERA 28
MILOS 182
GORTIS 180
KITHIRA 167
FARSALA 148
LAMIA 144
TANAGRA 89
SOUDA 89
PHILADELPHIA 86
AVLIOTES 82
TRIKALA 112

The theory of extreme events in meteorology, hydrology and, gbneralnatural
sciences has been a research subject for the last fewete¢Gumbel, 1958; Jenkinson,

1969). Statistical frequency analysis of climatic extremas) sis frosts, has been extensively



used internationally with useful results for several hazards. iBelriration-Frequency
(SDF) relationships for frost have been developed.

The development involves three stages. In the first stage probatibtgs are
constructed, in the second a Grumbel distribution is applied and in tidestage SDF
diagrams are constructed for freeze events (2 up to 11 days)

SDF curves appear to be as expected, since for decreasing &iequen. increasing
recurrence intervals) there is a corresponding increase intssvef frosts which tend to
become asymptotic to the x axis

1.3 Frost damages: impact in Greek economy

Winter frosts contribute the most to total frost injuries. The rdastaging ones are
when they occur in succession that is, advection frosts which bring surfaceatmgsedown
followed by severe radiation frosts. Table 1.3 below shows weathated agricultural
damages and the frost contribution to total damages. It istblaafrost damages account to

more than half of the total damages due to weather related phenomena.



Table 1.2 Frost-free period in 56 meteorological stations in Greebey Tare presented in
descending order with respect to their latitude latitude (42° - 35°).

STATION |J F

ORESTIADA
SOUFLI
DRAMA
XANTHI
KOMOTINI
SERRE!
KAVALA
ALEX/POLIS
THASOS
SEDES
MIKRA
LEMNOS
LARISSA
CORFL
VOLOS
ANCHIALOS
ARTA
SKOPELO¢
MITILINI
OREO¢
SKIROS
LEFKADA
AGRINIO
CHALKIS
CHIOS
PATRA
ARGOSTOL
ARAXOS
ELEFSINA
KARISTOS
PIRAEYS
ATHENS
KORINTHOS
HELLINIKO
ZANTE
SAMOS
PIRGCS
IKARIA
SIROS
NAFPLIO
NAXOS
PAROS
KALAMATA
ANTIPAROS
METHONI
KOS
ASTIPALEA
RHODES
KARPATHOS
CHANIA
RETHIMNO
IRAKLIO
PALEOHORA
SITIA
IERAPETRA




Table 1.3 Weather related phenomena and agricultural damages in Greet®ysands

euros)

WEATHER

RELATED

PHENOMENON

WIND STORM

RAINFALL

HEAT WAVE

FROST

FLOOD

HAIL

SNOW

TOTAL

FROST
CONTRIBUTION
%

2001

14.500

3.950

147

46.700

1.252

36.105

45

102.699

45

2002

7.900

121.000

2.150

51.700

9.200

55.000

1.300

248.250

21

2003

12.400

7.900

552

257.000

14.000

37.600

138

329.590

78

2004

12.300

45.000

390

184.000

3.000

50.300

2.400

297.390

62

TOTAL

47.100

177.850

3.239

539.400

27.452

179.005

3.883

977.929

55



Figure 1.1 below indicates contribution percentages of each weathesied
phenomenon to cumulative total damages for the period 2001-2004.

TOTAL AGRICULTURAL DAMAGES IN
GREECE YEARS 2001-2004

SNOW

0.4
% WIND

STORM
HAIL 5%

RAINFALL
18%
FLOOD
3% HEAT WAVE
0.3%

FROST
56%

Figure 1.1Weather related phenomena and contribution to total damages

The agricultural losses due to frosts on a yearly basis eanldssified on the
following table:

CROP CATEGORY DESCRIPTION CONTRIBUTION %
Citrus Oranges, grape fruits 30-50

Stone fruits Peaches 20-30
Vegetables 15-20

Industrial Plants Cotton 15-20




Contribution refers to total frost injuries. Fruit trees damagEount to more than
50% of the total frost injuries. Special horticulture Mediterrangkantation such as vines
may account 20 % of the losses but damages are infrequent.

Further studies are needed to relate accurate forecastigammomic impact on both
local scale and the total Greek economy. Additionally more stadéeeseeded to indicate the

economic benefits of accurate frost forecasting to each crop category.

1.4  Frost protection methods

Various protection methods are used around the globe. These methods areckssifi
either passive or active. Passive methods are utilized pribetivdst event in order to avoid
or minimize injuries. Passive methods include the following:

Proper site selection. It is probably the most important passotegion method.

Hilltops and middle portions of hillsides are most volatile to adeactiosts where

the temperatures observed are usually higher than down-wind saié®naspots that

are sheltered from the wind. Exactly the opposite is observed durniadiation frost
event.

Cold air drainage management. Cold air drained downhill can be divgrteding

methods such as building a solid wall or using a wooden fence. Thisidiveran

effectively provide protection.

Plant selection

Avoiding soil cultivation

Plant covers

Canopy trees provide protection from radiation frosts since thare énhanced long-

wave radiation downward from the trees. The effect is that texyes are higher

under these trees than in the open space.

Active methods are deployed during a frost night. They includdepyment of the
following:

Wind machines

Sprinklers

Heaters



Surface irrigation

Foggers

Passive methods of frost protections are used more widely inultigrad regions
basically because are more cost-effective and more beheficiave protection methods are
costly since most of them are fuel dependant.

In Greece passive protection methods are widely utilized to faetpers combat
freezing injuries. Low prices and overproduction is responsible forutivellingness of
farmers to invest in active protection methods.

Wind machines and microsprinklers are used as active protection methiydin a
small scale. Horizontal (conventional) blowing machines are degloythe Argolic plain to
protect citrus (sweet oranges and mandarins). It has been repuwatedettical blowing
machines have been deployed on a very small scale in the regio@. Overall wind
machines protect less than 10% of the citrus crop in Greece.

Over-plant microsprinklers are been used over kiwifruit. Under-pladtaver-plant

sprinklers are deployed in citrus regions to protect less approximately 20 abp.

15 Frost forecasting — risk assessment

CASE STUDY: Frost risk mapping for the agricultural region of Central Greece.

The probability of a variety of natural hazards such as frosbodithg events plays a
major rolein agriculture and horticulture. Protecting plant from the effettew temperature
is a matter of considerable importance. Thus, a very good knowtdddenatic conditions
constitutes the basis for the investigation of the effect of @mperatures on plants and the
potential introduction of new crops or the preservation of damaged crops. At thisresidy f
examined for the Thessaly, central Greece which is among the seastive agricultural
regions of southern Europe. Frost has been studied by a number ofheeéoc several
decades (Rosenberg et al., 1983; Dalezios and Lavrediadou, 1995; etiabn2002) and is
usually classified as advective or radiation frost or as combmat both (Laughlin and
Kalma, 1990). Advection is caused by large-scale incursion of coldndi constitutes an
agricultural problem mainly in high latitudes regions and at higlvagten elsewhere.
Radiation frost usually occurs at night, resulting from intense, Voaxge radiation cooling

10



under clear and dry conditions. Moreover, the severity of radiatiors fvasies considerably
with general atmospheric conditions such as air humidity, cloudinesdys®ei as well as
with local differences in vegetation and topography. Winds are noriigtit under radiation

frost conditions and temperature inversions develop as the air, whitltasitact with cold

radiating surfaces becomes chilled and heavy.

Several studies report the potential of meteorological segelfitr monitoring of
surface (brightness) temperature in relation to winter nightemperature or frost mapping
(Chen et al., 1979; Chen et al., 1983, Chen and Allen, 1987; Collier et al., 1988e¥et
al., 1996). This study utilizes the classification of the studg &@sed on the correlation
between air temperature recorded at the stations and the corregpongitness temperature
(Domenikiotis et al, 2004) in order to produce a relationship between air minimum
temperature and frost probability (%).

The study is based to the application of a statistical andlydise temperature time
series of six meteorological stations (Table 1.4). The datesskom these meteorological
stations are compounded with satellite based temperature data fr / VHRR
(Kedrileset al. 1996; Figuerola and Mazzeo, 1997), giving brightness temperature pfofile
all over Thessaly region. As a final result frost risk magpsThessaly, Greece are produced
and finally might be used as a first indicator for agricultural land planning.

The study is focused to the period between January-May due largleepossibility of
radiative frost events (Dalezios and Lavrediadou, 1995). One of theegirealvantages of
this method is the combination of ground point and satellite data, atutheregion may be

mapped pixel by pixel related to frost risk.

Study region - Data

Thessaly is a region located at the centre part efec& (figure 1.2). Thessaly is
surrounded by mountains Ossa, Pelion, Olympus ardliPiRange. Several rivers, gathering to
form the Peneus, are flowing from the surrounding rteos across these plains. Because of
these plains, Thessaly is a fertile region and, amathgr things, the major supplier of
agricultural products. At the western side of Thes#adyclimate is continental; the winters are
cold, the summers hot and the temperature differerteeebe the two seasons is large. At the

eastern side of Thessaly the climate is warm Meditean. Summers in Thessaly are usually

11



very hot and dry, and in July and August temperatoegsreach over 48C. The mountain
areas are much cooler, with considerable rain. Géperinfall is rare from June to August,
and days are dry and sunny, which is typical for aditérranean climate. One another
important characteristic of the climate of the plainTdfessaly is the frequent spring and
summer rainstorms as well as winter and spring feeshts. These phenomena affect very
notably the agricultural activities at this region.

Initially, air temperature data, from six meteorologisttions in Thessaly region, for
the years 1999, 2000, 2001 are utilized in combinatitim satellite data from NOAA/AVHRR
for the same years 1999, 2000, 2001. Meteorologicpbr(t60hPa and 500hPa) are examined
in order to examine possible significant atmosphermutation. Air temperature data consist of
hourly temperature recordings for the years betwee @ 2001 for six meteorological
stations in Thessaly, namely Agia, Aghialos, Volos, ZagKarditsa and Tirnavos (Table 1.4).
The above meteorological stations cover adequatelytticy segion and each one represents
specific temperature characteristics of Thessaly githegair temperaturemin 2,0 m above the
surface.

Sixty-six (66) non-cloud night images from NOAA/AVHRR, wheré€iation frost is
appearing are utilized. The spatial resolution used is 1 mlIfor the years 1999 till 2001.
After the examination of the synoptic conditions of the 66 seledtgd, 16 night images
were rejected, where cold or warm advections are observed. Hiftgll{60) images with

normal conditions are utilized (Domenikiogsal,2004).

Tablel.4 The six Meteorological Stations of the study.

Station name Latitude Longtitude
Agia 39 43’ 22 45
Aghialos 3916’ 22 48’
Volos 39 22’ 22 57
Zagora 3927 23 06’
Karditsa 39171 21 56’
Tirnavos 3944’ 22 17

12



Figure 1.2 Study region

Results

Satisfactory pixel by pixel classification of Thessaly ioeag according to the
temperature characteristics of each of the sub-regions etesved based on the high
correlation between conventional and satellite data in spite of thHerent source.
Satisfactory spatial and temporal extension of data with avel@agation 0,5C is achieved.
The described procedure identifies the areas with common temperiadueeteristics and can
be a useful tool for the estimation of minimum air or surfaogpFature for each 1x1 km
pixel. The final product of this study is the retrieval of frask maps (%) for Thessaly,
Greece. These maps were generated utilizing some selectgerature thresholds (@ -
1C,-2 C). Temperature values below these temperatures assign hiljppssi frost. The
discrimination of the frost risk uses a step of 10%. The simpdart to all these maps is the
increased possibility of frost events towards the drained lakeaKasl well as the vicinal
regions of Velestino, Stefanovikio, Rizomylos and Kanalia. It sebatsfrost events below
0 C—or more, are more frequent even for the month April. Reversely,dimerpgion close to
Tirnavos seems to be less sensitive to frost events. This regems to have the lowest
possibility for frost events even at month March (with the lowbkseshold 0C). The
geomorphology of this region seems to operate as a natural protectot figatressents.

This method may be applied to every month, as well as, sonualcrén-day periods,
according to the specific needs of agriculture for each subredihe described method

could be the base for frost risk mapping. For the future it igadds to utilize a denser

13



network of meteorological stations as well as to apply thifiodeto a more satisfactory data
series. Extension of this method to the whole Greek peninsula, raaxdrg useful tool for
agriculture, crop yielding, or traffic protection contributing crugiatb the local economy of

Greece.
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a. Frost risk mapping for month March .. Frost risk mapping for month April
(threshold -1 C). (threshold -1 C).
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CHAPTER 2: HAIL

2.1 Hail Formation

Hail forms inside thunderstorm
cumulonimbus (Cb) clouds, mainly those
with intense updrafts, high liquid water
content, great vertical extent, large water
droplets, and where a good portion of the
cloud layer is below freezing temperature.
Hail grows in the cloud's main updraft,
where most of the cloud is in the form of
supercooled water. This is water that
remains liquid although its temperature is
at or below 0°C.The growth rate is
maximized at about -13°C, and becomes

vanishingly small much below -30°C as

supercooled water droplets become rare.

Cumulonimbus clouds contain vast amounts of energy in the form of updrafts
downdrafts. These vertical winds can reach speeds over 176 km per hour.

As a hailstone starts to form, it becomes too heavy for the tteafloud. It starts to
fall through the cloud gathering more supercooled droplets as itlfale hailstone is heavy
enough the updraft pushes the hailstone back up into the upper resesesioud. The
hailstone once again gathers more droplets and grows even biggetsltcstafl again. The
hailstone is still not heavy enough, so it gets thrown up into thedchgain. This cycle
continues until the hailstone is heavy enough to overcome the updratfisApoint the
hailstone leaves the cloud and falls onto the ground.

This process creates hailstones from a few millimetrediameter up to 15
centimetres that weight more than half a kilogram. Pea obabHlized hailstones are not
uncommon in severe storms. Hail falls along paths scientistsathiwaths. These vary from
a few square kilometers or less to large belts 16km wide and 160km long.

Hail can do serious damage, notably to automobiles, skylights;iglated structures,
but most commonly in agriculture. Although hailstones have been found wgigture than
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half a kilogram, even a much smaller hailstone can destroy arapslice plants to ribbons in
a few seconds. Thus, although a hailstorm lasts only for a fewesif248 min) and rarely
more the damage caused is of great importance.

Efforts for mitigation of hail damages had started by humansbefaye science was
able to explain hail formation and processes. In the 14th century, pedpleope attempted
to ward off hail by ringing church bells and firing cannons. Hail casnwere especially
famous in the wine-producing regions of Europe during the 19th cerdmy modern
versions of them are still used in parts of Italy. After WorldrW, scientists across the world
experimented with cloud "seeding" as a means of reducing hailGannons that fired silver
iodide into thunderclouds from the ground were also used. Hail suppression prograarmes

widely used worldwide to reduce hail damage to agricultural crops.

2.2 Climatology of Hail

Hail is most common in midlatitudes during early summer whkerface temperatures
are warm enough to promote the instability associated with sttanglerstorms, but the
upper atmosphere is still cool enough to support ice.

Hail is actually less common in the tropics despite a much hiffegquency of
thunderstorms than in the midlatitudes because the atmosphere ot@ptbe tends to be
warmer over a much greater depth. Also, entrainment of dry airstrwag thunderstorms
over continents can increase the frequency of hail by promoting esiapal cooling which
lowers the freezing level of thunderstorm clouds giving hail a larger volume toigrow

Hail is also much more common along mountain ranges because mountas for
horizontal winds upwards (known as orographic lifting), thereby intangifthe updrafts
within thunderstorms and making hail more likely.

In the Greek area hail is formed during the cold season fromasses moving from
west to east and is associated with the passage of cold fldnBkkas, 1992). As these air
masses pass over the lonian sea are enriched with water vaptemtcand produce hail in
western parts of Greece from north to south. Thus, stable enougfrgrascontinental parts
of Greece without producing severe storms and therefore hail. thiée¢ passage over the
Aegean sea these air masses are enriched in water vapaouaadaherefore produce hail in

eastern Aegean islands. Cold fronds during the cold season moving frdmtmaouth
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produce hail over eastern and central Aegean sea. Hail producegd thericold season is of
small diameter and generally cause no damages in agriculture.

During the warm season hail is produced in continental parts ot&rmeainly from
convective storms formed due to instability. During the summer morthditons are
favourable over inland mountains and plains, as intensive heatingsarestgbility in the air.
The terrain of Greece, with mountains, forces air masses tt@rld therefore produce
thunderstorms often accompanied with hail. Studies have shown that syappér air
conditions associated with hail formation in continental parts of aleswtid northern Greece
during the warm season are a long wave trough to the west andwdweagidge to the east -
northeast of Greece (M. Sioutas, 2000).

This type of hail is often damaging to agriculture as conditiioss ahunderstorms

to grow enough and produce hailstones of bigger diameter locally.
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Figure 2.1 Number of observed hail days for different areas in Greece.

In view of the fact that hail occurrence is a relativetha$-scale phenomenon, it has
been reported irregularly. Consequently, a proper climatologiedysis of hail occurrence is
very difficult. The annual distribution of hail days over Greece @sden in Figure 2.1. The

figure clearly indicates that hail days are more often over Western ateticparts of Greece
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during the cold season while during the warm season hail days aeexbsn central and
northern continental parts.

Hail is one of the most dangerous meteorological phenomena faulage in
Greece. In fact, hail is the second cause for compensations iviearmers for damages

caused to their crops by the National Agricultural Insurance Organizatioree€&(ELGA).

2.3 Hail Damages

Hail causes in Greece considerable damage mainly in agricaldr@ccasionally in
properties. The damaging aspects of a hailstorm include thdohailsize (average and
maximum), number of hailstones per unit area and hailstone kimegigye Hail risk is a
combination of these factors plus the frequency of hail at a poimtaverea. Crop hail
losses in recent years nationally are estimated at sawdh@ins Euro annually. Damages
caused from hail represent the second cause of losses in ageiaifter frost. Hail losses
vary considerably temporally and regionally across Greeamdges from hail are examined
for the period 2000 - 2004 from data collected by the National Agricultonsurance
Organization (ELGA) and covers compensations given to farmersHadniosses. The crop-
hail insurance data have been systematically collected by ELGA fro 198

These data have limitations including the fact that not alléesrhave taken insurance
coverage (hail insurance is estimated to cover only 70% fromogillosses caused by hail).
Second, records of loss occur only when crops are growing and aeptshiscto loss, and
this susceptibility to hail damage changes during the growiagoseand varies between
crops (e.g., tobacco and peaches are more susceptible to hageddmaa corn). Figure 2.2
shows the total annual compensations given to farmers from hakld3sces are in million
Euros. These prices represent an average of 21,8% from the tofaér=ations given to
farmers for the same period from all cause of losses. Eachvgaation of that percentage
can be seen in Figure 2.3. In Figure 2.4 the monthly distribution of @mapons given for
hail losses is observed for the year 2004. Months May, June, JulyugndtAepresent 95%
of the total year compensations given. It can be also cleatythat although hail frequency
is higher in cold season over western and eastern parts of Gteiedeail during the warm

season is responsible for most of the damage in continental parts of Greece.
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2000 2001 2002 2003 2004

Figure 2.2 Total annual compensations given to farmers from hail losses

(prices are in million)

2000 2001 2002 2003 2004

Figure 2.3 Hail loss percent from total compensations given to farmers
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Figure 2.4 Monthly distribution hail losses Percent of compensations for the
year 2004.

Hail can be damaging not only in any agricultural product but alkanman structures
and property. Most of the damage is made in agricultural plantsraibhdrées, especially if
they are hit by hail at their early stage of growing. &ihail, during the growing season, is
more frequent in central and northern parts of the country, whereamiostiltural products
are grown, most of the damages takes place at these areas.

Hail is most damaging during the growing season for peaéleeshes are the main
product of Pella and Hmathia, situated northeast of Thessaloniki as seen inbFigessalia
in central Greece is another agricultural area that isyhihd as well. Main agricultural
products of Thessalia vulnerable to hail are cotton, corn, vineyards,osnabbacco,
apricots and cherries. Figure 2.5 presents the geographical distritpdr prefecture of
compensations given to farmers for hail losses for the year 2@G0DKR.dbey represents areas

having greater losses from hail during that year.
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Figure 2.5 Compensations given per prefecture for the year 2004 and main agricultural
products hit by hail

2.4 Hail Protection

Protection of hail includes all modern techniques provided by sciemisigder to
reduce losses in agricultural production. Protection from hail is dlvideo two major
methods. Active protection and passive protection. Active protection inclocietern
techniques applied before a hailstorm hits a place in order to redusgppress hail and
passive protection includes actions taken by farmers so that hailstones do not hittthe pl

Active protection methods are cloud seeding techniques from asichail cannons
and hail rockets. Hail cannons ignite a charge of acetylene gaspecially designed blast
chamber releasing an explosive pressure wave creating aticawvieffect which disrupts the
formation process of the hail stone embryo. Hail rockets ard fin the ground inside
Cumulonimbus clouds in order to influence hail clouds to prevent hail antmalate
rainfall. Cloud seeding from aircraft includes seeding of thunolensiclouds with silver

iodide or other material in order to diminish hail production.
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Passive protection from hail is performed by applying a saftetyver the ground and
thus protecting crops or fruit trees.

All methods have been applied in Greece for protection from htilcloud seeding
being the most sophisticated one. The Greek National Hail Suppressigra® (GNHSP)
was established in 1984 under the auspices of ELGA. The primarypfgthed program is to
reduce hail damage to agricultural crops in a selected progatodrcentral Macedonia, in
northern Greece, using airborne cloud seeding technology. Protecasdoatbe NHSP can
be seen in Figure 2.6. The project area is situated in the agradwdtea northeast of the city
of Thessaloniki.

The NHSP is the first weather modification programme in the motimes of the
Greek history. The programme was designed as an operational, dmedsainte time, as a
research cloud seeding programme. The hail suppression cloud seeplotgekis of the
GNHSP is based on the cloud microphysical concept of benefaiabetition theory. This
hypothesis assumes a lack of natural ice nuclei in the stornoement and that the injection
of artificial nuclei of Agl (silver iodide) will increase thetal ice nuclei in thunderstorm
clouds. Hence, the available supercooled water to each embryatedliand the hailstones

that are formed will be smaller and produce less damage if they reagpiotmel.

Figure 2.6: Map of Greece showing the three protected agricultural
areas of the NHSP.
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The seeding criteria in the GNHSP requires that seeding mustnoeicted on every
storm reaching a radar intensity of 35 dBZ or greater, itigds between the -5 and °80
levels while these storms are within the project area thirwa 20 minute-upwind buffer of
the project area. Cloud seeding is conducted using two light twirats (Piper Cheyenne 1)
equipped with seeding racks containing both droppable and end-burning silver iodide flares

Weather forecasting is conducted using weather analysis andhogtig charts,
sounding data, satellite pictures, radar maps and weather imtf@mmmbulletins. The
Convective Day Category (CDC) developed by Strong (1979) is ussteqgorize the cloud
conditions and the probability of hail for the day. Aircrew reaginier take off is 15 or 45
minutes based mainly on forecasted CDC.

Weather surveillance is provided by an Enterprise WSR74 10-cnmG\vaather
radar located at Macedonia International Airport in Thessalonikioudine 20-hour a day
radar operation is conducted based on scheduled shifts, that is exier®dledour a day in
the case that continued storm activity threatens the project area.

A network of 140 hailpads (and raingauges) is operated in the paogecto provide
guantitative measurements of hailfalls. Hailpad data are useal @amary database for
evaluation of the cloud seeding effect and also for an adequate rsguophailfalls and fine
analysis scale of hail swaths. Hailpad network operations inclualatenance, hailpad
service, post storm hailpad change, and total rainfall recording.

Evaluation of the NHSP was performed for the period 1984-1988. An irgdgrat
approach incorporating data processing, analysis of them, dality quentrol and data
development was applied, in order to synthesize a vast amount of awltesdata (radar,
hailpads, aircraft, compensation amounts, etc) for the selection| ahealappropriate
parameters for the statistical evaluation. The results wereueaging and significant. The
above results indicated that the Greek NHSP was applied veoessiully during the
examined period 1984-1988. Table 2.1 gives a summary result of the ecomgact in the
three different areas that the NHSP was applied. Negativerethites indicate a reduction of

total compensations given to farmers before and during the period of NHSP of up to 81%.
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Table 2.1 Economic Differences in compensations given before and during the NHSP

Total Compensations
Area (inM ) Difference
Average Period| Average Period %
71-83 84-88
Al, Pella - Hmathia 1.31 0.55 -58
A2, Serres 0.34 0.15 -56
A3, Karditsa 0.96 0.18 -81
TOTAL 916,4 309,2 -66
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CHAPTER 3: DROUGHT

Drought is one of the major international environmental disasterecent years, the
damage from droughts to the environment and economies of some couasiextensive,
and the death toll of livestock and wildlife was unprecedented (Ungani and Kogan, 1998).

Droughts are, by nature, regional phenomena and have been referred'riona
events", since their basic cause is the lack of precipitationsireatregion over a period of
time. The impacts of droughts are very real and so is the neéegveloping a capability to
detect the onset of droughts and assess their areal extent anty S€veut et al, 1986;
Dalezios, 1988).

There is no universal quantitative definition of drought, since suchimitabef must
be oriented towards the particular problem (Dalezais al, 1991). The American
Meteorological Society (1997) groups drought definitions and typesfautio categories:
meteorological or climatological, hydrological, agriculturahd socioeconomic (Keyantash
and Dracup, 2002). The first three categories could be defined asrengntal droughts,
whereas the last group could be considered as water resources drought €Lalkas02).

§ Meteorological or climatological drought is generally regaraggrecipitation being
lower than average for some time period; in some casegmpetature and precipitation
anomalies may be combined.

8§ Agricultural drought, occurs when plant available water, from prtiph and
water stored in the soil, falls below that required by a planthwamity during a critical
growth stage. This leads to below average yields in both pastoral and grainkpyodgmons.

8 Hydrological drought is generally defined by one or a combinatidaabdrs such as
stream flow, reservoir storage and groundwater.

8§ Socioeconomic drought is defined in terms of loss from an aveyagxpected
return. It can be measured by both social and economic indicattavikjch profit is only one
(McVicar and Jupp, 1998).

The relationship between the different types of drought is complex.ekample,
streamflow is the key variable for many water supply aodisitsuch as hydropower
generation, recreation and irrigated agriculture where crop grawthyield are largely

dependent on water availability in the stream (Heim, 2002).
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During drought, severe water-scarcity results in a region tudansufficient
precipitation, high evapotranspiration, and over-exploitation of watsourees and/or
combination of these parameters. Various methods and indices have bdepetklg many
scientists (Palmer, 1965, 1968; Gibbs and Maher, 1967; Shafer and DezmanKd§®?2,;
1990, 2002; McKeeet al, 1993; Keyantash and Dracup, 2004) for drought analysis using
different drought-causative and drought-responsive parameters staihfal, soil moisture,
potential evapotranspiration, vegetation condition, ground-water and surface-welterThe
drought measuring parameters are not linearly related to one mrtbdgse drought indices
often have little correlation among themselves (Bhusfaa., 2006).

The drought perception varies significantly among regions of difteclimates
(Dracup et al, 1980), while rainfall is the chief causative parameter, soil toreis
streamflow, reservoir storage and groundwater level are tha pmiameters reflecting
drought impacts. While soil moisture responds to precipitation anoneaiagelatively short
time scale, groundwater, streamflow and reservoir storagectréflegerterm precipitation
anomalies (Komuscu, 1999).

Drought indices are variables to describe the magnitude, duratieeritge and
spatial extent of drought. Typical indicators are based on noédgozal and hydrological
variables, such as precipitation, streamflows, soil moisturegrveis storage, and
groundwater levels. Several indicators can be also synthasized single indicator on a
quantitative scale, often called a drought index. Although drought indéceprovide ease of
implementation, the scientific and operational meaning of an index nayeaise questions;
such as how each indicator is combined and weighted in the index, and how an arbitrary index
value relates to geophysical and statistical charactsristi drought (Steinemanet al,
2005).

The need for proper quantification of drought impacts and monitanidgeporting of
drought development is of critical importance in politically, ecowaity and
environmentally sensitive countries. Traditional methods of droughesssent and
monitoring rely on rainfall data, which are limited in the regiomemfinaccurate and, most
importantly, difficult to obtain in near-real time (Thenkabeatilal, 2004). In contrast, the
satellite-sensor data are consistently available and can de¢audetect the onset of drought,

its duration and magnitude (Thiruvengadachari and Gopalkrishna, 1993).
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Several indices, which could be used for drought monitoring, have beelomkzl/e
over the past few decades using remote sensing data. Theycatated from the reflectance
in different bands and may be obtained for each pixel (the siaepdfel depends upon the
spatial resolution of a sensor). These indices have advantagesoaventional climate-data
related indices described above, as they "cover" large areamandhow how drought is
progressing over space and time. Even crop yields can be predictetB5meeks prior to
harvests using remote-sensing techniques (Ungani and Kogan, 1998atWegeonditions
over the world are reported occasionally by National Oceanic anuosptheric
Administration (NOAA) National Environmental Satellite Data almformation System
(NESDIS) using the Advanced Very High Resolution Radiomet&HRR) data (Kogan,
2000).

3.1 Drought in Greece

The climate features of Greece that is related with flooddaodght genesis exhibit
significant geographical diversity. In the western part ofcinentry the water availability is
generally higher than consumption demands, even during drought periods. tAdt
construction of dams and reservoirs, as well as works for expoitaf groundwater, these
areas do not generally suffer from droughts (Koutsoyiannis andkigim1996).  this rule
there are some exceptions, both in the continental and the islaraf pastern Greece.he
problem with the islands of the lonian Sea is more difficult. Altloting rainfall amount in
these islands is larger than the average in Greece, the kgataurces are limited.he
segmentation of the islands’ area into many small-sized catasndoes not allow the
formation of large water bodies than can be exploited in an economic way.

he situation in the eastern part of the country is more complicabede are places

of the eastern continental part where the deficit in water resspuavailability is the rule
rather than the exceptionhe greater Athens area and the Thessaly plain are the plaélces w
the most serious problemshe conditions in the Aegean islands are harder than those of the
lonian islands, because the climate conditions are worse in the Aegean Sea.

There are many researches about drought and its charaxdemstGreece. The
Palmer Drought Severity Index (PDSI) used by Dalezioal.e(1991) for the quantitative
estimation of droughts in central and northern Greece on a montidy blas results indicate

that there are several drought periods which are common toaadinst in these regions,
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characterized by significant severity and time duration. Tlaeeealso a large number of
drought periods during the summer months as well as during the winter months.

Dalezioset al (2000) developed of Severity-duration-frequency analysis of drought
and wet periods in Greece, using PDSI values computed from 28 stiangom 1957 to
1983. These SDF relationships used for hydroclimatic and agrodimesign and drought
isoseverity mapping of Greece (Figure 3.1). According to theme ther five regions of
Greece with district climatic characteristics (Dalezbsal, 2000):

1. The western coast of Greece and the islands of the lonian Seh,rebgive large
amounts of precipitation with maximum precipitation observed in autumn and
minimum precipitation occurring during the summer months. The annual
temperature range is relatively small in this region.

2. The Aegean region, which includes the islands of the Aegean Sed)eamabgt
coast of southern continental Greece. This region is charactdsiz low winter
temperatures, high summer temperatures and low precipitation. Thel annua
precipitation is, on average, half of that of the lonian region.

3. The continental region of northern and central Greece, charadebyz long
duration storms, short drought periods, low negative temperatures duntey w
and large annual temperature range.

4. The Mediterranean, desert-type region of Crete and southercezregh small
annual precipitation and droughts of long duration.

5. The mountainous region, which include the Pindous Mountain range, which
divides continental Greece into western and eastern regions, anduhéms of
northern, central and southern Greece. The climate of this regigypical of
mountainous areas with high annual precipitation and strong gradients of
precipitation and temperature with elevation.

By Loukaset al (2002), an analysis of the severity and the relative frequentheof

monthly Z-index showed that droughts occurred in Greece more tha#tbi months and
the drought severity increased from the northern to the southern andhionestern to the
eastern regions. Analysis of the common consecutive drought peritnis &climatic region
indicated that droughts with duration of one to three months weradexeover the whole
region, irrespective to region, and were the most frequency aoguirought periods for all

regions. Finally, the common monthly droughts were, usually, mild and ratedtr the
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whole region and only the western and the Peloponnesian regions aeGrggerienced
severe droughts (Loukas al, 2002).

N 5 C; ~ 28
¢ Q

Figure 3.1 Isoseverity map of droughts in Greece, from Z-index values, for three-month
duration and five-year return period.

A new drought index established for the assessment of meteorolaymadht
severity by Tsakiris and Vangelis (2005). This index which calledoRnaissance Drought
Index (RDI) has applied in Naxos Island in Greece, using mouigly of the hydrological
years 1955-1992. The results (Figure 3.2) show that the most severe drouginéd during
the year 1989-90. Additionally, during the period 1985-86 up to 1991-92 all the arears

considered dry according to negative values of RDI.
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Tsakiris et al (2006) developed a regional drought assessment based on the
Reconnaissance Drought Index (RDI), Standardized Precipitation (&fx and rainfall
deciles. This drought analysis applied in the Mornos river bagiar@-3.3) located in central
Greece and in the Nestos watershed (Figure 3.4) located in the northern Greece.

The results for Mornos case study show that the maximum water deficieivetst
Pentagi station during the years 1987-1995. This is also the most skkwaght spell, as it
lasted for 8 consecutive years. However, the maximum annual drougitityte observed
in the same station for hydrological year 2000-2001 (557.5 mm/yelagyeas for the period
1987-1995 the average drought intensity was 431.1 mm/year.

Ath. Diakos

Hrssoupoli

Figure 3.4: Nestos watershed and its

Figure 3.3: Mornos river basin and : >
meteorological stations.

its meteoroloaical statiol.

The maximum water deficit in the Nestos watershed is obset\ssoupoli station
during the years 1988-1994 (1.137 mm). The greater drought spell fast@dgears, and it
affected both the stations of Achladia and Ptelea for the years1B@86and 1988-1996
respectively (Tsakirigt al, 2006). However, the maximum drought intensity was observed at
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the Potami station for the hydrological year 1984-85 (261.5 mm/year).

3.2 Damages of drought in agriculture

The threat that droughts in a future climate pose to clingtsitsre economic sectors
and specifically to agriculture has necessitated the assessinéhe potential impacts of
climate change at various scales on crop production to reducesahe@rability and thereby
secure the livelihoods of those who depend on them (Mavromatis, 2006).

The crop reduction is mainly explained by dry conditions and hot tetyses which
have had an impact on water resources in the affected aregatidmilimitations would
additionally affect grain maize as well as sugar beet andtqest. For cereals, the yield
decrease in 2005 at European level. Compared to 2004 reduction is 24% forvaugam
(about 9% lower than average), 5.2% for soft wheat (still about §Pehthan average), 10%
for barley (just lower than average), and a potential decrease of 6% fongriae (still about
1% above average).

The 2005 drought presents several differences compared to thateckdo the
summer of 2003. So far, the affected area is more limited: 27%e oftheat producing areas
in 2005 against 53% in 2003. On the other hand, the current dry periodnsriaextended
in time: the drought onset conditions started in November 2004 and &stihuing. In
2003, the dry period started only at the beginning of March and lastédhenéend of the
summer. The 2005 drought also presents similarities with 1976, whiobnsidered one of
the worst agricultural years for Europe. Both years suffed the dry conditions since the
beginning, but in 1976 the deficit of rain prevailing during the spriag@® was much more
pronounced than the one experienced in 2003 (source: agrifish.jrc.it/marsstat).

In 2006 year the area affected by the drought impact on vpnedtiction makes up
14% of the total EU area, compared with 17% in 2005 and 23% in 2003. The geographi
affected by the drought in 2006 year is less extended than thla¢ @xtreme droughts in
2005 and in 2003. However, some of the affected regions show a worsersitliae Iberian
Peninsula faces the worst conditions of the last 30 years andudwos appears critical. In
the west and south-west of France, the 2005 drought is as bad as in(s200&e:

agrifish.jrc.it/marsstat).
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The major environmental factor limiting the range of adaptatiorwheat Triticum
Aestivun) is drought. Wheat yields could be enhanced if wheat genotypes cogidvioe in
areas too dry to support wheat growth during part or all of theiggoseason. Drought
during the early part of the life cycle is a severe problemany wheat-growing regions. The
crop yield is increased because the young plants cannot withstadd/tbenditions. Wheat
genotypes need to be identified which are tolerant of drought during early meutth gr

In Greece, the wheat cultivations constitute a significantgpgage of agricultural
areas. Figure 3.5 shows the distribution of wheat cultivations iacéna percentages. The
regions in which wheat is mostly cultivated are Macedonia, Bhesnd eastern Sterea
Ellada.

Percentage of wheat cultivation

0%

0%-5%

5%-15%

15% -50%

>50%

Surface water

No classified area

Figure 3.5 Wheat cultivations in Greece.
Over the last decades, the increasing of drought events in ttealdevel as well as
in Greece leaded in a significant reduction in wheat production rarathier agricultural
cultivation.

3.3 Protection of drought

One of the objectives is to get a better insight into the econeiffieicts of drought on
agricultural production and the environment in the affected areas.i&gp@noportant are

35



economic aspects and effects of the implementation of reseasatisren immediate
production processes carried out in conditions of drought and stress.

Economic evaluation of drought effects, based on hitherto results inpp&hiction,
is to focus on: improved economic effects secured by introducigutgral practices, better
economic effects of irrigation, improved economic effects resultiogn fthe application of
programs of alternative plant production (integrated, biological agreyjtand models of
plant production in conditions of average moisture, drought and irrigation.

Irrigation is the only method that provides a complete solution tgptbblem of
drought. However, irrigation should not be treated as a method of combedunght as it is
essentially a means of intensive and modern agricultural produdtisrcrucial to determine
a rational regime of irrigation and plants’ water requiremdysadditionally determining the
time, method and rate of irrigation, high and stable yields carcdpgirad regardless of the
duration or intensity of drought spells.

Efforts toward solving the problem of drought in plant production aredoasearily
on the selection of tolerant genotypes. At a practical level, dhmefr method includes
recombination of genes of different parents, one of which at lsasequired to have
mechanisms and properties of tolerance to drought. Latter methsdddeiran identification
of genes playing part in the expression of tolerance to droughtigblation and transfer into
different genotypes by genetic transformation. These methodsriyirmian to improve the
germ plasma of some most essential crops growing in drought icosdito reconsider the
criteria and develop new procedures for improving the process of bre#dingught-tolerant
genotypes. They also aim to investigate and carry out crop zonattnnoduce into
production process some new plant species more adequate for icultivatdrought and
stress conditions in a region.

In many regions, pumping of groundwater remains the dominant solutifeceo
drought event. he alternatives examined are the construction of a number of &ifrstiteam
reservoirs to store surface water, constructions of sinks forcttoheof precipitation water in
wet periods to use this in dry periods, and uses of desalinisation plants.

Apart from developing tolerant genotypes and providing irrigatiortjonal
agricultural practices have been recognized worldwide aanggher basis for planning plant
production in arid regions. By developing cropping systems, an emphasmdgsplaced on

soil cultivation for the purpose of better absorption, conservation aodahtistribution of
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available water (crop rotation, pre-crop, crop structure, soilvatittn method, conservation
tillage, mulching, wind-breaks, choice of crops and cultivars, tim&owfing, density, etc.).
Depending on available soil moisture, fertility and plant requiremaesearch should also

deal with the problem of plant nutrition.
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CHAPTER 4: EXCESS RAIN

The duration and frequency of extreme rainfall rates are impgodanatological
features to be considered in meteorology, agriculture, hydrolod\ciail engineering. Their
knowledge is essential for planning hydraulic works, roads and sesysiems, and for
designing rainwater drainage networks in large infrastructuresedwer, the rainfall rate
behaviour could be very useful in order to detect the climatic eésangd evaluate their
possible effects in a given agricultural area.

Heavy precipitation events in the world wide have caused gremtgkato crop
production. The cost of crop losses in the coming decades couldamatarally. Yet current
assessments of the impacts of climate change on agricultizenbquantified the negative
effects on crop production from increased heavy precipitation and flooding.

A damaging flood is the joint product of societal and climatoldiyidactors (as well
as ecological, geological, etc.). As societal impactseglad climate have grown, climate
variability has become of increasing concern to decision reakar the words of the
Intergovernmental Panel on Climate Change (IPCC): “there is mownting evidence to
suggest that a warmer climate will be one in which the hydicdbgycle will in general be
more intense, leading to more heavy rain events” (IPCC, 1996) kément theoretical and
modelling research has supported the hypothesis (e.g., Trenberth, T189&hservational
studies have provided additional support (e.g., Karl and Knight, 1998eKalr] 1995).

Based on such studies, scientists, journalists, and policy makees aawusly
suggested that an enhanced hydrologic cycle is responsibleforcreasing flood damage of
recent years. Intuitively, it does seem that more precipitatmrdyimean more flood damage.
The precipitation measures frequently used and cited in flood cbs&ased on Pielke and
Downton (2002) 10 precipitation-related measures are used for &eidgffects in damages
floods.

1) Total precipitation

2) Number of wet days per station

3) Number of extreme precipitation days (>2 inches) per station
4) Number of 2-day heavy precipitation events per station

5) Number of 3-day heavy precipitation events per station

6) Number of 5-day heavy precipitation events per station
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7) Number of 7-day heavy precipitation events per station

8) Percentage of an area with much above-normal cold season (October—Appijgireci
9) Percentage of an area with the number of wet days much above normal

10) Percentage of an area with much above-normal proportion of total greaglitation
from 1-day extreme events.

Note that thresholds for measures (2), (3), and (9) are basedatut@lbsvels of daily
precipitation (greater than 0 or 2 in.). In contrast, the thresholdadasures (4)-(8) and (10)
are based on precipitation that is unusually high compared to norraahtsat each weather
station (Pielke and Downton, 2002).

Recent data show that total annual precipitation and extremi@ifagon events have
increased in the US and in other parts of the world during the laitrgeespecially in the
last two decades (Karl, 1998; Milgt al, 2002), often resulting in large crop losses and other
flood-related damages (Chagnaet al, 1997; Pielke and Downtown, 2002). While
determining a cause and effect relationship between precipitatozases and flood-related
damage is difficult due to concurrent changes in population growth, ecom@velopment,
flood-control infrastructure and early warning efforts, currentlyeoled trends toward
increased precipitation and more extreme events are projectedetsify under future
climate change, leading to higher flooding probability (PalmerRaisdnen, 2002), and thus
increased damage to agricultural production compared to present rtllc@a al, 2001,
Reilly et al, 2001).

4.1 Damages of Extreme Precipitation

Under current climate conditions, damage to agricultural production aexcess
precipitation events can be substantial. For example, the 1993 USeMidloods caused
damages to farmers valued at about $6-8 billion, a figure thatowgkly 50% of total losses
from the flood (FEMA, 1995). Agricultural production was also negativelyacted by the
North Dakota Red River floods of 1997, which caused total damage of rougldyiéa
(Spring Flood Fight Information, 2001). Red River and Mississippi floodaroet again in
2001, delaying planting. Extreme precipitation, combined with floods caldd, cause soll
erosion in the agricultural fields. Examples of soil erosion df&avy rain are presented in
Figures 4.1a and 4.1b.
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Figure 4.1 (a,b): Soil erosion after extreme precipitation.

Excess soil moisture, in addition to direct flood damage, is armamponent of crop
losses due to extreme precipitation events. Excessively wetdiigktly damage crops both
above and below ground because of anoxic conditions (Kpzad van Elsas, 2000);
increased risk of plant disease and insect infestation (AshraHabib-ur-Rehman, 1999);
and delayed planting or harvesting due to inability to operate maghibaring the 1993
Mississippi floods, about 70% of total crop losses occurred in upland dveato saturated
soils from sustained heavy rains. In the last twenty yeargsexsoil moisture cost lowa
farmers five times more than direct flood damage, accordirgop insurance data (Rain and
Hail Insurance Service, historic data base).

Despite the risk of increased crop losses due to flooding and epiesspitation
under climate change, the potential damage to agricultural producsamohéeen quantified
in state-of-the-art assessments of agricultural production. Br tedquantify the importance
of including the effects of excess soil moisture on current and geedjefuture crop

production, an simplified model could be used (Rosenzweig 2002).

4.2 Damages in Europe

In England, most of France, the Benelux countries, and north weSEnmany,
mostly dry weather (2-15 mm) favored winter grain and oilggaedting and summer crop
harvesting. Further east into eastern Europe, including easternoatiteres Germany,
moderate rain (10-40 mm) and cool weather delayed fieldwork. Asmgh eastern Europe,
Italy, southern France, and northern Spain, widespread heavy rain (2576r more)
hampered summer crop and tree and vine crop harvesting as wetitas grain planting.
The heaviest rain (50-125 mm) fell across the coastal regiottsedBalkans and Greece,
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causing local flooding and possibly damaging cotton in Greece. A\smghern Spain, rain
(5-20 mm) increased topsoil moisture for winter grain plantmg slowed summer crop
harvesting.

During September, below normal rainfall in north western Europegréd winter
grain and oilseed planting and summer crop harvesting. In centrahstedreEurope, near to
slightly above-normal rainfall boosted moisture supplies without soginfly delaying
fieldwork. Across south eastern Europe, widespread unseasonably heaegsed long-term
dryness but slowed fieldwork and summer crop maturation, esyeciton. Above-normal
rainfall also slowed fieldwork and summer crop maturation and cdasadflooding in the
western Iberian Peninsula, southern France, and portions of Italigure§ 4.2 and 4.3 total

and annual amount of precipitation in Europe are presented respectively.
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Figure 4.2 Europe Total Precipitation (mm) (source: Climate Prediction CenterAOA
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Figure 4.3 Annual precipitation in Europe.

4.3 Precipitation conditions in Greece

The climate features of Greece exhibit significant geographicalsitiyefhe long and
intricate coastline and the striking relief patterns saty responsible for this diversity. The
orography of the Pindus mountain range, traversing the country from-west to south,
plays an important role in rainfall and runoff regimes in Greddwmis, the mean annual
rainfall exceeds 2000 mm in the mountainous areas of western Gubeceas in eastern
regions of the country it may be as low as 300 mm (Figure 4.4) (&patsiis and
Mimikou, 1996).

Extreme precipitation causes significant damages in agriaultuttivations and its
effect increase the crop yield and production. Large damagesumedcaaainly in cotton and
especially in end-grow season at September. Anoxic conditions aremkxveand roots of
plants are destroyed with total damages in cotton productivity.

Cotton cultivations in Greece appear mainly in Thessaly #sawé@ hrace and eastern
Sterea Ellada (Figure 4.5).
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Figure 4.5: Cotton cultivation maps of Greece.

The Thessaly plain is the largest plain of the country with aa @frabout 4000 kfn
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(Figure 4.6). The plain is traversed by the Pinios river whosedatehments area is 9 500
km?® The Thessaly plain is located in central Greece. The Pirii@s Rasses through the
Tempi ravine located 18 km upstream the basin outlet. This ravisefomaed after the
Alpic orogenic period (1-2 * f0years ago) and before that period the plain was covered by a
lake. In later periods until the Neolithic age it seems thatrtarrow pass in Tempi was
obstructed many times and the lake was formed again. StilleifmpiTravine as well as other
narrow passes along the river course are main reasons of thendlowdithe plain

(Koutsoyiannis and Mimikou, 1996).
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Figure 4.6 Region of Thessaly

Furthermore, the river natural discharge capacity is inadequatdarge part of its
length. This capacity was improved 60 years ago, after the gotistr of levees and other
protective works, but still floods remain a big problem of theoregOther reasons favouring
the flood genesis in the plain are some bridges with inadequajlet hleat have been built
across the river, the vegetation of the river bed, and the construmtidghe farmers of
"handy" barriers in the river channel for storage of irrigati@atew Last but not least is the
low elevation of the drainage network as compared to the flood elevation.

In 2002 calendar year, extreme precipitation causes severalgeama many
prefectures of Greece. The damages of excess rain are lghes year than damages from
other agricultural disasters (Frost, Floods, Extreme temperagtogsas it shows in Figure
4.7.
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Figure 4.7: Total map damages in Greece for all agriculture disaster categotieousands
from 1986 to 2003 (source: EIGA: Hellenic Agricultural Insurance Organization).
Figure 4.8 shows the geographical distribution of extreme preaypitdamages in

2002 calendar year for the whole region of Greece. The most eaffeéegions are the
prefectures of Sterea Ellada’s and Peloponnesian regions which appear witbldnaldncthe

map.
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Figure 4.8: Geographical distribution of damages from excess rain in Greece in 2002 year
(source: EIGA.).

Additional negative effects linked to extreme precipitation eyesush as direct
physical damage to crop plants from heavy rains and hail. Bes@tnecessity of further
model development, our results clearly indicate that the correspoadditional economic
costs to crop production can be significant, given the considerabés laksady incurred by
farmers under the current climate regime. Modelling improvesramt thus needed to capture
and accurately represent these effects in climate changetiagsassment studies. Ignoring

such damages may lead to overestimates of the positive impfattget ” scenarios of

climate change on rain-fed agriculture around the world.
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CHAPTER 5: FOREST FIRES

Natural environmental hazards are internationally recognizgdh@somena of special
importance. There is an increasing interest of the internat@samunity in the study of
natural hazards, mainly due to the possible climate intensiiicaby human factors
(Domenikiotiset al., 2002).

Forest fires, also called wildfires, constitute one of the mid¢spread environmental
hazards. This hazard contributes significantly to climate charges soil degradation
(Domenikiotiset al, 2002). The destruction of vegetation by forest fires can affedatite
surface and the hydrologic cycle, by increasing the surfaesl@al surface runoff, decrease of
evapotraspiration (Matson et al. 1987), increase of erosion, appearaitmedsefand deserts.
Moreover, the biomass burning can contribute, with gases, to the greemlffiecseand cause
destruction of the ozone layer.

Forest fires have been a natural feature of wild lands ecosystethe bordering the
Mediterranean basin. In fact, the fire has played an importaatimokhaping many plant
communities that grow in a climatic region characterized by Vest and dry summer
conditions, with high evapotranspiration rates (Baregld Cortina, 1996).

However, during the last three decades, human activities have distindealelicate
natural balance between fire action and regeneration procéssesig the main reason that
can explain these facts, the following can be emphasized: Abandombdrids and forestry
exploitations, urban expansion in forest areas and the constant incadnmunist activities in
wooded zones (Barceand Cortina, 1996).

Forest fires occur in the Mediterranean countries during theselgon and mainly
affect pine forests, brush lands and sometimes cultivated fieldsheDaverage about 2000
forest fires are recorded annually in Greece. These fifest @an area of 50000 ha. Although
the vast majority of fires are small-scale fires alsmamber of them, which is considered
large scale fires, burns very extended areas. In the USA,daadefires are considered those
fires, which burn more than 400 ha (Pyne 1984). In Greece, large fgeal are considered
those fires, which burn more than 100 ha (Kailidis 1990). These firessegyronly a 5.4% of
the annual number of fires, but the burned area reaches 72% of the yatmwa#d areas
(Domenikiotiset al, 2002).

51



5.1 Definitions and Types of Forest Fires

The types of forest fires are three: ground, surface and crown fires.

Ground fires, which burn on the ground or below ground vegetation, are often bes
controlled by digging trenches or “firelines” down into the minail layer, which cannot
burn. When the fire reaches the fireline, it is starved of fuel and extinguiséks it

Surface fires, which burn along the surface and tend to move quicker fijhéng
require more manpower and equipment. Portable water backpacks and(pdnengsa water
supply is available), and firebreaks are the preferred methodse Thesbe very labour-
intensive methods except in instances where machinery is aeattaldlear bush for the
firebreaks.

Crown fires are most dangerous and spread the fastest. Theyiroticartops of the
trees where fire can “jump” from crown to crown, often jumping dvebreaks. Crown fires
in extremely windy conditions have been known to jump rivers and ekes.|&ighting
crown fires usually calls for extreme measures, genecaliyng for aerial bombing with

water and/or fire retardant chemicals.

5.2 Forest Fire Climatology

5.2.1 Forest Meteorology

Meteorological parameters such as rainfall, high temperatwerdlative humidity and
wind velocity have serious effect in the initiation and spreadmafst fires. However, the most
significant of all the factors that affect the ignition apdesd of forest fires is the fuel moisture
content.

Rainfall

Rainfalls of high duration are capable to deposit significant amafntgater and
drench the flammable forest matter, increasing it resistemaitiation and spread of fire. On
the other hand, small duration rainfalls have very low effect ireasing the fuel moisture.
According to the amount of rainfall, the fuel moisture is proportitma. Increasing amounts
lead to increase of the fuel moisture.

Except from the duration and the amount of rainfall, great importalste plays the

season and so the weather conditions that follow the rain eventsededsin the summers
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which are mainly governed by drought conditions and high temperétarpossibility of a fire
initiation is very high. A typical distribution of rainfall during the yeadépicted at figure 5.1.

Morth

Figure 5.1 Indicative monthly rainfall for Larisa (mean of 13 years, 1985-1997), Greece.

Wind
The effect of wind to forest fires depends of:
The wind speed
The wind direction.
Wind speed is a very significant parameter for the initiationsgmead of forest fires.
Once ignited, the rate of wildfire spread is closely relatethé surface wind strength (Smith,
2002). In the initial stages, wind is the parameter that provides the necesggey eMpply and
in the maturity stage affects the propagation velocity througidl tilting. The mechanism
which is similar to the slope effect dominates (Kailidis, 1990)nwhiend speed exceeds 2.8ms
! (a 45% slope equivalent) (Sparaisal, 1996). So, as wind speed increases the oxygen supply
increases and also the flames are forced more rapidly to neighbashess] making them
more warm and dry. At the same time burning biomass shedding sbeinka creates a special
problem of rapid fire spread known as spotting. This occurs when igngéds blown ahead
of an advancing fire front by strong winds to create “spot” fires (Smith, 2002).
The wind direction is also important because it determines tisture content of the
wind and the spread direction of the fire. Dry winds are more dangén order to initiate and

spread a fire.
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Large scale fires show a high propagation velocity (2.5 Km/h) andlyss@lve to
canopy fires and cannot be theoretically described by quasiysstate models (Rothermel,
1972). In Greece, such fires are closely related and affectedebgrevailing strong winds
(figure 5.2). Atmospheric environment therefore is very signifida the fire initiation and
spread as well. In complex terrain areas where meteorologazameters are extremely
variable, meteorological conditions derived from neighboring statiares usually not

representative of fire conditions (Spambsl, 1996).

FIRE PROPAGATION VELOCITY

0 120 150 200
WIND SPEED

Figure 5.2 Propagation velocity of wildfire according to the wind speed (Dalezios, 2006).

Temperature

High temperatures in combination with dry spells are very elaug for the initiation
and spread of wild fires. Warm and dry winds favor the propagatioorestffires. Most fire
outbreaks occur near surface fronts, particularly in warm, dry conslithead of a well-
developed cold front with unstable temperature lapse rate and stiodg at low levels
(Smith, 2002). In Greece, the initiation of the most forest firesirscduring noon hours, where

the maximum temperatures and minimum relative humidity are recordade(bg3).
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Figure 5.3 Initiation of forest fires during the day as a mean of 13 consecutive years
(1985-1997) (Dalezios, 2006)

Also, most forest fires in Greece occur during the summer anelatthe autumn which
are characterized by warm and dry conditions (figure 5.4 and 5.5). fiNdg] with spatial
extension over 500ha take place when temperature is greater than 30°C.

Relative Humidity

Relative humidity is a significant factor according to thedency and the propagation
velocity of forest fires. It affects the number of incidents #ma&l spatial extension as well
(Table 5.1). Dry atmospheric air results to dry and highly flablendorest biomass while
during nighttime the increase of relative humidity results toitlbeesase of the fuel moisture
content.

Among the other meteorological parameters relative humidityrdates the intensity
of dehydration of dead organic material and therefore the amounmhitbbigheat (Spanost
al., 1996). In Greece it is stated than when relative humidity isdegt\B1 and 60% a 67.6% of
fire occurrences is observed (Kailidis, 1990). Several fires ,weyeever, observed when
relative humidity is above 60%, which is unusual. This can be attdbiat the fact than in
Greece 86% of fires occurred in windy conditions (Kailidis, 1990).
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Table 5.1 Forest fires frequency and propagation velocity in Greeocardiog to relative
humidity (Dalezios, 2006).

Relative Forest Fires Frequency and Propagation Velocity
Humidity

==

>50-60% | Small number of incidents which cannot be spread with low wind spee

40-50% | Low fire propagation velocity in thin fuel

31-40% | The velocity increases per 1.5 times

26-30% | The velocity doubles

16-25% | The velocity triples creating dangerous situations

RPRRPRRPRPRPRRRERRNONNNON

Number of Forest Fires
PNWPARUIUTIONOOORNWRARUUIONOOORNWDS

T
0 10 20 30 40 50 60 70

Hours

Figure 5.4 Number of forest fires according to its duration
(Mean of 12 years, 1985-1997) (Dalezios, 2006).
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Figure 5.5 Number of forest fires and burned area during the year as a
mean of 13 consecutive years (1985-1997) (Dalezios, 2006).

Except from the meteorological conditions, other factors affectiegfire danger are
the variety and amount of fuel (vegetation and dead organic mptdreafuel moisture and the
topography (altitude, slope). The fuel loading of an area depentisediand use (forest or
cultivated area), the vegetation species and the vegetation condit@tuid content depends
both on fuel size and atmospheric conditions. Thin dead material (i.eeseszipond rapidly
to moisture changes in the atmosphere. On the other hand brunches sfdargnd thick leave
layers maintain their moisture for several days after raisodes especially when calm
conditions prevail and saturation vapor pressure deficit is low (Spabs1996).

Topography plays an important role in the initiation and spread ddtfores. Altitude
affects the vegetation period through temperature and moistungehan the atmospheric
environment and the ground water supply of the plants. During the Madigan summers
green vegetation is restricted to higher altitudes. Green vegetaintains sufficient moisture
and therefore prevents fire initiation and retards fire spreach{(Sgh al, 1996). In upslope
firs the flame tilts over the potential fuel, thereby incieggadiation and more significantly
causing direct flame contact. The steeper the slope ther thesduel is posed to the flames
(Spanoset al, 1996). In no wind conditions even a moderate slope of 20% doubles the

propagation velocity compared to a similar fire on a plane surface (Luce andnMicA977).
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Concluding, weather conditions are crucial for forest fires. §moperiods followed by
dry and hot winds blowing from arid continental interiors over a periodagk to give a
cumulative heating and drying effect on vegetation are particulgrits. These are also the
atmospheric conditions which promote dry lightning storms, which drecauent ignition
source (Smith, 2002).

5.2.2 Causes of Forest Fires

It is very important to know and study the principal causesoddst fires, for the
purpose of understanding the phenomenon and taking action aimed at preventing and
contrasting the fires themselves. It is possible the cafdesest fires to differ from one area
to another due to environmental factors (vegetation type, lighteneguency, climatic
condition etc.) and human activities. So, it is necessary to gathexanune reliable data in
order to identify and comprehend the possible causes of a foeest & given area and choose
the identical protection measures.

In Greece, the causes of wildfires are classified into three cagsgor

1. Wildfires caused by natural causes.

Wildfires caused by human activities.

3. Wildfires caused by dubious-unknown reasons.

Only the smallest percentage of fires can be considered nbéoalse it is caused by
nature itself and therefore is inevitable. Natural causes indigti¢éening and volcanic
eruptions. The only significant is lightening. Its occurrence is varialjényany case, limited.

Forest fires caused by human activities are divided into thosehwdne evoked
randomly or on purpose (arsons). Randomly evoked wildfires are caitisexdby negligence
or accidents. Fires by negligence, or for involuntary reasonsaased by human behaviour
which is not aimed at the specific desire to create damagh fBes are usually caused by
cigarettes stubs or matches, agricultural and forestry tes$iiclearing of uncultivated land,
clearing of plant residue, burning of stubble, renewal of pasturesimg), tourist activities,
military manoeuvres or shooting exercises, bad maintenanceatfiedl lines or breakage or
falling of wires and illegal fires. Accidental causes #rese that do not depend directly on
human action, whether by negligence or arson, even if referatile fwresence of activities of
people on the territory. This category includes fires causedpayks that originate from

friction of the breaking devices of trains against tracks, dreation of tension on electrical
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lines and from the breakage and fall of high tension wires, cahe&saand sparks from
agricultural machinery.

Fires by arson are referable to the deliberate will t@g&e with the intent of causing
damage to the environment and to things. The motives for arson caougedrinto three
categories: profit-seeking, manifestations of protest, resemtonensensitivity toward forests,
and dubious causes. In the first category, fires are caused: by #tiercior renewal of pastures
at the expense of forests, by the will to regain agricultierahin at the expense of forest for
cultivation or to activate funding from European Union, with the intdn¢arning from the
removal of vegetation for the purpose or agricultural cultivation, thighintent of earning from
the removal vegetation for the purpose of building speculation, withnteatiof seeking
advantages (opening of forestry trails, agricultural operatmrsste on labour, destruction of
forestry mass), by occupational questions related to laboured by local administrations,
with the intent of destroying by fire badly executed forespgrations, with the intent of being
included in fire fighting efforts, by inappropriate activity reflele to poaching, to obtain
products deriving from fire passage and by organized crime. Iaet@end category, fires are
caused: as revenge or retaliation against public administragargnflicts between or revenge
against owners, as protest against limitations imposed in conearaata, for fun or games by
minors, with the intent of devaluing tourist areas, by matiemsected to political contrast and
by terrorist acts fires caused by dissatisfaction, sodistent, behavioural disturbances
(pyromania and mythomania).

The causes of forest fires in Greece and their percentagebotiotr for the period
1985-1997 are shown in Table 5.2.

5.2.3 Statistical data of forest fires in Greece

Forest fires in Greece have presented a significant inciredise last 25 years. Wildfire
incidents and total burned area from 1990 to 2003 are illustratedbie 5a&3. The sum of
burned forest areas per type (fully covered and partially coverestéd areas, pastures) and as
a sum for the period 1955-1996 are depicted at figures 5.7 and 5.8, re$petheenumbers
of fires and burned area and some basic statistics for thepsaing are presented in Table 5.4

and 5.5, respectively.
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Table 5.2 Causes of forest fires in Greece for the period 1985-1997 (Dalezios, 2006).

CATEGORY OF CAUSE Contribution in Percentent (%)
1. Negligence
1.1 Cigarettes stubs or matches 14,0
1.2 Burning of stubble 21,1
1.3 Military shooting exercises 0,6
1.4 Trains and electrical lines 0,4
1.5 Sparks from machinery 2,7
1.6 Overheating 2,5
1.7 Bees smoking 0,6
1.8 Campers 1,5
1.9 Burn of wastes and other causes 5
1. Sum of causes due to negligence 48,4
2. Arsons 27,2
3. Natural causes 2,1
4. Dubious or unknown causes 22,5
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Figure 5.6 Burned area per type of forest coverage in Greece for the period 1955-1996
(Dalezios, 2006).
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Figure 5.7 Burned area in Greece from forest fires (1955-1996) (Dalezios, 2006).

Table 5.3 Wildfire incidents and total burned area (1990-2003) (Balatsos, 2003).

Total No. of Total Area Area of

Fires on Burned on Forest Area of Other Wooded
Year | Forest, Other Forest, Burned Land and Other Land

Wooded Other Burned

Land, & Wooded (ha)

Other Land Land, & (ha)
Other Land
(ha)
1990 1322 38593 21088 17505
1991 941 23574 8000 15574
1992 2042 66346 23194 43153
1993 2406 54049 24200 29849
1994 1763 52603 23392 29211
1995 1438 19177 9035 10142
1996 1508 22990 8111 14879
1997 2273 34781 16119 18662
1998 1842 92901 46077 46824
1999 1486 8289 4773 3516
2000 2581 145033 69579 75455
2001 2658 18342 8423 9929
2002 1400 4337 887 3450
2003 1441 3277 956 2321
Avera 1793 41735 18845 22890
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Table 5.2 Numbers of forest fires and burned area in Greece for the period 1955-1996
(Dalezios, 2006).
FORESTS PARTIALLY COVERED PASTURES SUM
FOREST AREAS
YEAR Number of | Burned area | Number of | Burned area | Number of | Burned area | Number of | Burned area
fires (ha) fires (ha) fires (ha) fires (ha)
1955 450 5200 49 1657 0 0 499 6857
1956 395 4300 496 6700 0 0 891 11000
1957 400 1300 43 700 10 300 453 2300
1958 303 7986 410 13517 98 2793 811 24295
1959 166 1397 96 595 42 230 304 2221
1960 311 5692 230 6119 98 3204 639 15015
1961 438 4424 383 5136 68 2172 889 11732
1962 358 4225 321 2642 57 1055 736 7922
1963 228 2319 239 3189 169 7100 636 12608
1964 280 1589 222 3009 129 6748 631 11345
1965 457 5893 523 13351 207 7785 1187 27030
1966 324 5001 303 5131 68 1471 695 11603
1967 228 3763 168 1700 119 2690 515 8153
1968 296 2158 222 1971 89 4929 607 9058
1969 296 1809 288 4465 121 2960 705 9233
1970 303 3851 175 2615 80 2722 558 9188
1971 225 2624 193 4880 107 2859 525 10363
1972 200 4020 126 1761 52 2800 378 8581
1973 260 5500 191 6800 159 7200 610 19500
1974 317 11625 261 9082 190 11161 768 31869
1975 299 8614 254 5298 215 7044 768 20955
1976 239 3121 171 3395 180 1891 590 8407
1977 517 29760 365 10605 371 13398 1253 53763
1978 275 4982 274 10841 279 4179 828 20002
1979 337 3877 310 7336 429 9967 1076 21180
1980 340 4355 582 17491 285 11119 1207 32965
1981 421 38653 528 35917 210 6847 1159 81417
1982 422 10843 467 12066 156 4463 1045 27372
1983 385 10907 494 7668 89 1038 968 19613
1984 455 12018 636 13288 193 8351 1284 33656
1985 614 48631 620 43840 208 12979 1442 105450
1986 413 10109 525 11057 144 3347 1082 24514
1987 432 13605 657 23667 177 9044 1266 46315
1988 668 27370 888 60977 342 22154 1898 110501
1989 584 23600 524 12440 176 6323 1284 42364
1990 636 21088 505 12646 181 4860 1322 38593
1991 250 800 485 10239 206 5335 941 16374
1992 928 23194 864 33495 250 9658 2042 66346
1993 1.085 24200 917 23727 404 6122 2406 54049
1994 761 21157 673 21244 329 15507 1763 57908
1995 549 13896 622 10399 267 2907 1438 27203
1996 547 7592 642 11655 319 6027 1508 25274
SUM 41,607 1,184,093
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Table 5.5 Basic statistics of forest fires in Greece for theiqakerl9551996
(Dalezios, 2006)

Year

MEAN NUMBER OF FIRES PER 991
YEAR
MAXIMUM NUMBER OF FIRES 2,406 1993
MINIMUM NUMBER OF FIRES 304 1959
MEAN BURNED AREA (ha) 28,193

MAXIMUM BURNED AREA (ha) 110,501 1988
MINIMUM BURNED AREA (ha) 2,221 1959

53 Protection from Forest Fires

In order to have an integrated forest fire protection systemkind of measures are
needed. These are prevention measures and suppression measures.

Prevention is the key in helping to reduce the number of human caddécesi The
programs of prevention are related with all the activitie$ #wa in the minimization of
impacts of forest fires. The various techniques that can be useedfation of the human
caused fires fall into two general categories: to reduce dangearristo manage it.

The danger is related to the breaking of fire. The reductiomegbpossibility of having
a wildfire ignited is highly related with the increase of tevel of awareness of public and
various teams of persons responsible for the ignition and the impdutsoff o this direction
a series of measures can be used, such as the use of talehtgpkecialised advertisers via
national and local mass media (radio, TV, newspapers, magazinesipradiyiteducational
programs in schools and social or professional organizations. Also, thea#pplof laws on
fires is potentially a useful preventive technique. The education lamdapplication of
legislation are useful preventive measures when the firesresgelts of ignorance,
carelessness, or malice. Other measure in order to prevengtite®n and spread is the
creation of fire breaks or fuel breaks or replacement of flaoferfaels (e.g. conifers) by not
flammable fuels (e.g. broadleaves) around and across regions of mgér da.g. dumps,
camps, road and railway network). Despite of the very high coshasfufacturing and
maintaining of fire breaks or fuel breaks, a lot of countries contimusse it for reduction of
fire danger. The use of different type of vegetation cover isideresl as a very important

measure in order to prevent very big fires.
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After the application of the law N. 2612/98 in Greece due to presemictivities,
apart from the Forest Service that carries the higher amouespdnsibility are also involved
the Civil Protection and the Fire Brigade. Many of the acéisitare programmed jointly and
are executed autonomously or jointly (e.g. fire campaigns, dadydfinger forecast, etc).
Because of the above all these activities of preventive confimmtegquire a very good
collaboration among the involved agencies (Balatsos, 2003).

The Greek Forest Service has contributed and contributes as following:

1) Improvement of education of Fire Brigade executives and hiring pérex for
programs of education and participation to scientific congressesaridrences on forest
fires.

2) Collaborations with the Fire Brigade and the General Seattafi Civil
Protection for informative campaigns in order to prevent forest fires.

3) The development of special network of meteorological stationssist &srest fire
danger forecast and contribute to a daily fire risk mapping with its speatists.

4) Hiring experts to support scientifically the General Seaadtaf Civil Protection
Operational Centre.

The preventive activities are main responsibility of Forestvi€er and are
programmed and executed by the Regional Forest Services acctoding directives of
Central Service, always depended on the allocated funds and the tiispasfal. It is pointed
out that the work of differentiation of vegetative fuel is highdgtty and needs to be repeated
every year. Because of this is not possible to be applied in adeatge but only on selected
regions of high risk. Lastly, the forest road network dedicated tstféire protection it is
mainly manufactured to accommodate the ground movement of fire depargehicles to
approach fires and not to be used as fire break.

Table 5.6 contains preventive measures and civil projects implemieobtedhe year

1980 to 2001 specifically by the Forest Service in order to prevent forest fires.

Table 5.6 Preventive measures and civil projects implemented in Greece from 1980 to 2001
(Balatsos, 2003).

Roads and Fire-breaks construction Number of Number of Cleanings
YEARS and maintenance (km) Observation Water tanks (hectares)
Opening up Maintenance towers
1980-2001 17803 146408 408 1400 164459
Mean 809 6654 18 63 7475
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Forest fire suppression is dependent on two key factors, communicatmmeagtion
time. It would be an understatement to say, the sooner a fiepasted, the quicker it can be
extinguished. The moment a fire report comes in, a number of keyiansgeseed to be
answered in order to initiate a suppression strategy - locatamessibility, and size and
category of fire.

In most instances, where initial reports are unclear or whée & in a remote area,
evaluation is done from the air. The method of transporting crewfireosite varies depending
on terrain and accessibility. Ground transport will usually reliey drews to a fire within a
reasonable driving distance of a fire base. Where no road as@asslable, the suppression is
being held by air (helicopters, planes). The key to controlling apdressing a forest fire is
getting man-power and equipment to the scene in as short agipussible. Then, during the
evolution of the fire, as information from the field, and data froffieidint sources (eg. weather
and satellite maps) becomes available, the fire fightiregesyy can be modified from the first-

response plan.

Table 5.7: Fire campaign 2003 (Balatsos, 2003).

STATE OWNED MEANS
LARGE CL-215 15
CL-415 9
AIRCRAFTS SMALL PEZETEL 18
GRUMMAN 6
HELICOPTERS H/P PK 117 2
TOTAL 50
HIRED MEANS

AIRCRAFT CL-215 0
HIP 26 4
H/P SIKORSKY 64 3

HELICOPTERS H/P MI-14 1
HP  -32 4

AC355 0
TOTAL 12

Despite the increasing expenses regard to suppression mechanistast jfears in
E.U. but also internationally, a turn in a more efficient orgaropatif confrontation which
focuses in prevention is sited. In Greece, after the disastrau260 an effort was made in
order to focus more in prevention and collaboration among the responsible agencies.

In a lot of countries, including Greece, the abundance of rural regindsthe

concentration of the population in urban areas, along with the ageingrmoers have
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significant effect in the accumulation of fuel matter. Thigurees significant changes in the
configuration of forest policy regarded to the preventive confrontaifofires. Points in
which, among with the others, the forest policy must be focused are:

a) Use of technological innovations,

b) Pilot programs and studies,

c) Database improvements, fire causes investigation, cost-benefitignalys

5.4  Monitoring forest fires and mapping burned areas

The operational monitoring and mapping of the burned areas are \mgtamt aspects
in dealing with emergency situations and the quantitative estimaf the affected area. The
assessment of the damaged areas can provide valuable indforn@tthe authorities and
insurance companies (Domenikiogisal, 2002). The contribution of new technologies such as
remote sensing, photogrammetry and G.l.S in monitoring wildfisesvithout doubt very

significant.

5.4.1 Remote sensing as a tool for monitoring forest fires and mapping burned areas

The possibility of using satellite data for land cover classibn, vegetation
monitoring and mapping has been a research subject for severalsldadbserving directly
the plant’s radiometric response it is possible to record the gaeaption to environmental
stresses and constrains directly and in real time (Dalend<Zarpas, 1996; Spannes al,
1996).

Remote sensing is a useful tool for providing information before, damcgafter the
forest fires. Remotely sensed data and techniques have been wusdctoactive fires and
extract the extent of the burned area during the fire (Daletiak 1998). The methods usually
applied are based on the thermal signal generated by flamdigrasmoldering combustion
(Matson et al. 1987, Kennedy et al. 1994, Flasse and Ceccato 1996, eluskid996) and the
daily fire growth (Chuvieco and Martin 1994). The use of contextualritthgns (Eva and
Flasse, 1996) can improve the detection of active fires.

The delineation of the burned area has been the subject of researchngappl
methodologies on images of different spatial and temporal resolutioni-thmasholding

algorithms and different channel combinations. Such techniques involveo¢dagoh and
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estimation of the aerial extent by subtracting NOAA/AVHRPoriNalized Difference
Vegetation Index (NDVI) images before and after the fofest (Kasischke et al. 1993,
Kasischke and French 1995, Spanos et al 1996, Dalezios et al. 1998) anasimgm value

composites from NDVI (Fernandez et al. 1997). Algorithms have been ogedelfor

monitoring the burned areas combining NDVI (Pozo et al. 1997) or the |IGdobvaonment

Monitoring Index (GEMI) (Barbosa et al., 1997; Barbosa et al., 1988) multi-temporal

brightness temperature differences.

The delineation of the burned area depends on the type of burned ivegetet soil
type, the time interval after the fire and the extent of tlee(fotally or partially burned). In all
these cases, the spectral signatures of the land cover objectshdw@at characteristic pattern.
This makes the precise identification of the burned area diffiesipecially whenever the
resulted area is needed for operational use and ground truth dataaganable. After the
cease of a fire significant reduction of the vegetation peeted and values corresponding to
complete lack of chlorophyll elements are an indication of the blaresd Vegetation indices
are an acceptable technique for identifying vegetation changes. BRVfjuick and efficient
way for fire monitoring (Domenikiotist al, 2002). Among other vegetation indices, the NDVI
is the least affected by topographic factor and the differgnoes the best indication of
vegetation change (Lyon et al. 1998).

The ground resolution of the remotely sensed data ranges frota drare than 1km.
The choice of the appropriate resolution depends on the informationddesigh resolution
images provide more information of the study area, but result ilstigga amount of data. On
the other hand, meteorological satellites provide low resolution datahigher temporal
resolution, appropriate for monitoring and operational requirements in forest fire

The methods usually developed for mapping the burned areas are lihsedreithe
thermal signal or the use of an index or an algorithm utilizing Ilfthtermal and index)
information. When a technique is applied for operational purposes, thaacatfithe derived
map needs to be known, in order to increase the credibility of thected results. It is thus
appropriate not only to have on hand a quick and efficient method, butoalgadh an
acceptable degree of accuracy, which can be achieved by #tioadn thus indicating its
usefulness as well as of the sensor from which the data are obtained.

The accuracy of the resultant damaged area derived from Landsaand the

shortcoming of natural resources satellites with higher $pasalution, is expected to be
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higher compared to that obtained from NOAA/AVHRR. However, operatioeatls impose

the near real-time estimation of the burned area. This can lbmeved only by using

meteorological satellite data from NOAA/AVHRR, which has thepropriate temporal

resolution and can be readily available by local receivingostatIn this case, knowledge of
the corresponding agreement of NOAA/AVHRR derived area extéht tvat achieved by

Landsat TM is necessary for the initial assessment of burned areas-reaid¢ane.

5.4.2 NDVI for monitoring and mapping burned areas

The current application was made by Domenikietisal. (2002) and deals with the
forest fire of 21-24 July 1995 in Penteli, Greece. The techniqueedpfdr mapping the
affected areas is based on the Normalized Difference &@getindex (NDVI) derived from
both NOAA/AVHRR and Landsat TM satellite data. The studynated to assess the
agreement of the NDVI, extracted by NOAA/AVHRR and evalubtd by comparing with
NDVI produced with Landsat TM data, delineating the burned amkadelineation and
guantitative estimation of the affected areas is presented, fie results derived from the
application of the dataset are compared with a referenge cne@ated by the optical
interpretation of a Landsat TM colour composite image, to indicate the citydibilhe NOAA
data for operational needs in forest fires.

The study area comprises the Penteli area, northeast of AtAerece (Figure 1). A
forest fire, during 21-24 July 1995, destroyed a forested area of &Bkuof. Satellite data
before and after the initiation of this small-scale fire ekamined. The dataset used for this
study is part of a series of daily NOAA/AVHRR and two LandBsltimages acquired before
and after (27 July 1995) the forest fire. From the NOAA/AVHRR dataset images were
selected, one of the #@uly 1995 and the second of 25uly 1995.
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Figure 5.8 The study area is located in Penteli, Greece.
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The spectral signatures of green vegetation are defined Igyeitteomagnetic radiation.

Chlorophyll absorbs the radiation at 0.62 to On7 and reflects it in near infrared 0.74 to 1.1

m. By observing directly the plants’ radiometric response fitossible to record the canopy
reactions to environmental stresses and constraints directlynarehli time (Dalezios and
Zarpas 1996). This leads to the concept of Normalized Differencetateyelndex (NDVI),
which is an indication of the amount of green vegetation. The NDyiven by the formula
NDVI = (Che- Chy)/( Ch+ Ch where Ch and Ch are the radiances of the first two channels of
NOAA/AVHRR or, alternatively, bands 3 and 4 of Landsat TM.

NDVI maps were derived from both Landsat TM and NOAA/AVHRR gewm The
NOAA/AVHRR images were registered to the Landsat TM imageé resampled to 30m, to
allow multitemporal analysis. Figures 5.9(a) and 5.9(b) show the NDMiges of
NOAA/AVHRR. The first image was obtained the day before thgation of the forest fire
and the second the day after the extinction of the fire. The baigiats in the first image
indicate the presence of vegetation and the gray areaspmrdeto suburbs of Athens and the

sea. In Figure 5.9(b) the light gray pixels indicate the burned areas.

(a) (b)
Figure 5.9 NDVI images formed by NOAA/AVHRR data before (a) and after (b)
the forest fire in Penteli, Greece (Domenikiaisal, 2002).

The agreement assessment of the NOAA/AVHRR NDVI imaggsires the use of a
reference map defining the burned and non-burned areas. Additionallyhadnier detecting
the burned areas by means of NDVI requires the use of mulpetain images. The
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methodology followed involves the selection of a color composite totag®s visual
interpretation, discrimination of the burned areas and the agreessessment of the retrieved

results (Domenikiotiet al, 2002).

() (b)

Figure 5.1Q Landsat TM color composites images (7,4,1) before (a) and(bjtdre
forest fire in Penteli, Greece. This band compilation highlightsbimaed
area. In image (a) the Penteli area appears as green browm @)ds light
to dark red (Domenikiotist al, 2002).

Figures 5.10(a) and 5.10(b) show colors composite of the Landsatsnbafpore and
after the forest fire, respectively. The burned areas apggedark red, whereas vegetation areas
appear as green, the sea as dark blue and the bare land, clouds andressaas white
(Domenikiotiset al, 2002).

As expected, Landsat TM described with more details the burned. area
NOAA/AVHRR, because of the pixel resolution is not possible to oeter spatial variations.
Thus the possible unburned patches in the area cannot be identified.rraréher seems that
at the edges of the burned area, where the areas are not botaled, NOAA/AVHRR
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identifies them as burned or it does not recognize them at all¢Bi&itis et al, 2002). The
area extent derived during the fire and the delineation of the bureaduaing the NDVI
technique described in this work reinforce the utility of the NOAWARR data for
operational monitoring and assessment of damaged area in neiimeealith high degree of
accuracy.

Often, the burned areas need to be assessed by mapping theiaegtestimate the
damage in near real-time. In this study, NDVI abrupt chabgésre and after the fire were
the basis for examining the study area and proved to be a veryfploiwel. The magnitude
of such changes depends on the amount of burned area per pixel, theoregetagity and
the dominating species (Domenikiogs al, 2002). Comparing the extracted areas with the
reference map, it is found that damage assessment usinges&EKWA/AVHRR data is an
efficient way for the detection of burned areas.

Lastly, it should be emphasized that although the overall agre@hleoth datasets is
similar, the Landsat TM is much more accurate when it coméket estimate of only the
burned areas. Additionally, comparison between the identified burneslfesgaboth sensors
has shown that Landsat TM can vary spatially without having the blapkgarance of
NOAA/AVHRR (Domenikiotiset al, 2002).

55 Forecasting and Risk Assessment

The development of fire-weather forecasting systems is aentedstool in the
framework of forest fires prevention planning. In this context, rthle of the National
Meteorological services as providers of specific servicedewssive. A hierarchy of such
services has been presented (Reyfsnayder, 1994), ranging froneétieewwarnings produced
by central meteorological offices to fire-weather foreogsservices provided to personnel at
the scene of existing forest fires (Barcahd Cortina, 1996).

Forest fire risk assessment is an important component of euerysdippression
organization, since it allows for proper fire prevention planning amd¢asomically judicious
since it requires relatively reasonable investments if coeadjpiar the costs of non-scientifically
based suppression on active wildfires (Dimitrakopoulos and Bemmerzouk, 1996).

As mentioned previously, remote sensing is a useful tool for providifogmation

before, during and after the forest fires. The contribution of resestsing to the prediction of
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a sensitive area can be achieved through the estimation of indSeelsto the fire risk
assessment models. These indices in combination with meteorological {eassane other fire

risk assessment indices can be used for forecasting wildfires.

5.5.1 Fire assessment indices

One of the most widely known fire assessment indices is teéNeather Index (FWI).
FWI provides numerical rating of relative wildland fire potential inaamdard fuel type on level
terrain. It consists of six components that individually and collectivelguattdor the effects of
fuel moisture and wind on fire behavior (Dimitrakopoulos and Bemmerzouk, 1996).

The amount of moisture that air holds depends on air temperature, which alsatladéfects
dehydration processes of the potential fuel. Investigation ofstastics for air temperature
and fire occurrences in Greece showed that 68.5% of fires oetwedn 21 and 30°C. A
combination of the latest two meteorological parameters in time &rprobability tables or
indices is used in the fire risk assessment by several feeegices (Mavi, 1986). Another
index used for risk assessment is called Angstrom’s (I)ifailidis, 1990) and is given by

the following equation (Spanes al, 1996):
= —- ——— Q)

where T and RH are air temperature and relative humidity, cteéply. When 1 is
greater than 4 no fires are expected and when | is less thate@abegical conditions are very
favorable for fire initiation (Spanast al, 1996).

The type of vegetation is also very significant. Some speateshare vulnerable at fire
and others are highly flammable increasing the risk for §inéion. A fire initiation risk map
for Greece, based on the type of vegetative cover is depicted at figure 5.11.

Lastly, satellite derived NDVI is widely used for risksassment. NDVI has already

been analyzed in chapter 5.4.1 and 5.4.2.
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Figure 5.11 Fire initiation risk map for Greece based on the vegetative cover
(Dalezios, 2006).

5.5.2 Risk assessment of the fire of SeptemBeta85, in Pelio, Greece

More than 15,000 olive trees were burned during the fire. About 2haptd tiees were
ruined and a small number of animals were killed. Power supplyonetalso suffered
considerable damages. Spanets al. (1996) have used three meteorological parameters,
Angstrom’s index and NDVI for fire risk assessment and detedf the burned areas. The

meteorological parameters during the fire initiation (11:00 locall®@rSeptember) in three
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neighboring stations are illustrated in Table 5.8. The differencésmperature and relative
humidity are not significant. However, wind speed shows considerabéioas. Wind speed
in Volos is more favorable for fire initiation than in the otheo stations (Spanaat al, 1996).
The Angstréom’s index for Volos, Velestino and Zagora was estidn1.4, 1.5, and 2.3. The
index values suggest very favorable fire conditions for Volos and tieleand favorable
conditions for Zagora (Spanesal, 1996).

Table 5.8 Meteorological parameters during the initiation of fire (Spaaad, 1996).

Station/Parameter Volos Velestino Zagora
Air Temperature?C) 28.3 29 27
Relative Humidity (%) 30.3 33 45

Wind speed (m9Y 2.6 0.3 0.8

NDVI was calculated from NOAA/AVHRR data for two days (14 &&lSeptember)
before and after the fire. A third image was produced by subsggad¢DVI pixel values of the
first image from the second. A 7X8 pixel window of this imagerssented in figure 5.12 in

which NDVI differences are displayed in a 16 gray-scale palette.

™

i b
() 0

Figure 5.12 (a) Magnified window of NDVI values before and after the fire showing the
Katihori area and (b) topographic map showing the burned area, A3 and A4 represent the

villages Katihori and Portaria (Spanetsal,, 1996).
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In figure 5.12(a), negative differences (dark areas) repreN®\| increase and

positive differences (light areas) NDVI decrease. Light asrasexpected to represent fire

affected places. The examination of the actually burned afepuet 5.12(b) showed that only

two pixels were completely affected by fire (B2, B3), in whigbVI reduction reached
29(109-80). The C4 pixel also showed considerably decrease although nottebyrguvered
(Spano<t al, 1996).

The investigation of meteorological and satellite parametermgla forest fire in

central Greece highlights the importance of local meteorabgionditions in the fire risk

assessment. Positive indications were found for the detection andbrmonivf burned areas
through NOAA satellite (Spane al, 1996).
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CHAPTER 6: GRAPES PEST AND DISEASES

The vine is a multiannual plant with annual biological circle. Thdityuaf the grape
depends on a lot of factors, from which other can be influenced by hurdastleer no. The
general climatic characteristics, the seasonal differeimnctee rainfalls, in heat wave, in the
periods of cold and fog differentiate each crop.

It is reported that the “better” vineyards in the world are foural gy masses of
water (sea or rivers), next to mountain ranges and forestsci@wtiFom the winds. These
special elements “meso-climate” have a corrective rolesrdejeextreme temperatures. It is
obvious that the climate and the soil determine the regions wieratieties of vine can be
cultivated. The combination of these factors constitutes the ecosg$teach region, which,
in order to it gives the better possible result, should be supplaeikateoniously by the
human factor, that intervenes in the life of vine with farming techniques arsl care

Climatic conditions effect not only the production and growth of vineybatdsalso
the health of plant, as temperature and humidity create the conddraihe development of
diseases. Also wind and rain assist to the spreading of dis@dsesrop protection has
reached an increasing importance in the perspective of redycimguction cost and
environmental impact (Orlandirgt d.,1997). Integrated pest management is recognized as
one of the main strategies, suitable for the long term contrayrafudtural and forest pests.
(Paschalkt al.,1992).

6.1 Pest and diseases

1. Hadromycosis- BertisillioseisVerticillium dahliae, Verticillium albo-atrum

Considered as the most serious mycetology diseases of pyrinokafpame and are
owed in mushrooms of gender. This is the reason why are also sdisillibseis.
Adromykoseis develop slow and damage the vascular of trees caughying and
desiccation of branches.

In the pyrinokarpa symptoms are expressed unilaterally sideaof damaged organs
(imipligia). Later, advances also in the other. The damage semwed with withering of
branches and arms and chlorination of leaves, first in inferiorreardin the superior leaves.

Afterwards the leaves fall and follow desiccation of branch.
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Characteristic symptom constitutes the brown metachromatismios tbhserved in
the vascular of wood of damaged branches. In the vine, the diseagaressed with abrupt
withering (apoplexy) and desiccation of leafage of certainlosras-shoot. Moreover, in at
length incision observed the characteristic brown metachromatisiribe vascular of wood
of vines-shoot or trunk.

Bertisillioseis are caused by adilomykit&&rticillium dahliaeandVerticillium albo-
atrum In Greece the first type has been found that it causes thagéain the multiannual
cultures. This is owed rather to the fact tadahliaeis encouraged by mean temperatures,
while V.albo-atrumis widespread in regions with humid and cold climate. Bdrbisdis are
formally soil diseases.

Pathogenic survives mainly with mikrosklirotia, but also as mycelamd seeds
(conidia) in the damaged remains of cultivations and is maedain the soil for many years
(8-14). Another way of perpetuation is the various weeds - hostsodemic are propagated
with water, the remains of culture, the weeds and with the $odhws transported with the
tools or the farming machines. In long distances their transpodnieesc with polluted
multiplicative material. The fungus pollutes the root and ireddalh the vascular of wood,
where with microscopic examination can be distinguished the strumttuhbe mycelium and
its seeds (conidia).

Preventively is recommended installation of trees far fronddighere are cultivated
annual plants sensitive in adromykoseis and in soils exempted frdotapol(e.g. with
ilioapolymansi). Also, it has to be used healthy multiplicativeeniat and durable varieties.
It is important to avoid the cultivation with frail annual plants ¢etfon). Irrigation should
not be attaining with canals because pollutants are transfertedmater at healthy trees.
Recommended careful use of pesticide, so as to avoid wounds in theysterh of trees.
Repressively are recommended uprooting of the damaged trees, burnidigiafettion of
space.

2. Bacillar necrosis Xylophilus ampelinus

The presence of disease is very widespread in Greece buhasmany regions of
world. Is considered old disease and is acquaintance with the ‘tsitkemarazi”. It is a
chronic adrobaktiriosi, the bacterium is installed in the vasaflavood and from there is
expanded and damages the young vegetation, causing progressive dMormgensitive

are considered the varieties Soyltanina and Razaki.
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Diagnostic symptom of disease is brown metachromatismos of sasfuood. The
heads in the beginning of spring present inflations because hyparpfasssues. Also, is
observed delayed and unilateral ekptyxi of eyes or necrosis of Rdedmflated tissues are
cheese constitution and later are dehydrated and shrink, therafore areated cavity under
the rind (symptom “cheese”). The eyes undergo necrosis. Néae tuase of vines-shoot are
created slots that develop in oblong, deep ulcers. Entire ammisecaithering. In the leaves
can be presented necrotic blots or draining to regions of lamina,ymathlhumid and rainy
spring.

The disease is owed in the bacteriMgiophilus ampelinuand damage only the vine.

The bacterium overwinters in the vascular of wood, from where vidrikier of system of
plant it is transported diasystimatika and pollutes the young shobés.trdinsmission of
bacterium becomes usually with the tools of lopping but also withathgparticularly when
accompanies with wind) as the bacteria come out from the vasdéulaod in the incisions
of lopping or other wounds. Particularly frail are the premna duiogember to January, as
well as the young vegetation early in spring. The transomssf pathogenic by region in
region becomes with polluted multiplicative material.

Recommended abstraction and burn of damaged premnon. Also, the lopping should
become with dry weather and the tools of lopping should be disinfectedwmrgly. WWhen
the weather is rainy are recommended preventive sprayingswii#tioly preparations, for the
protection of tender leaves.

3. Botrytis (ash decay) vineBotryotinia fuckelian8otrytis

Has world spread and damages almost all cultivated plants. It constitutidseatfor

the marketable production, because apart from the quantitative ibdeemgrades also the
quality of products. In the vine, the damage from botryti has negative
= repercussions in the vinification and in the quality of wine, becaueféects in

v the fermentation. Moreover, it causes losses in the productiorcafection, at
. 4 the transport and storage of grapes.It damages all greengbatine above the

ground, taxianthies (withering) and particular the grapes beforeven e
afterwards the harvest. In the grapes is presented initlalspat, which expands and finally
is caused rottenness. Finally, the damaged tissues become, lsttimk and often become
“‘mummy”. With humid atmosphere, the damaged organs are covered fgray anildew

(fruitfulness of fungus). The tender shoots, the leaves and blossomslya@damaged when
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in spring prevail conditions of high humidity. The damages are exprest#edhe form of
brown regions in the mesogonatia and in tender tops, which causeatielcajthering. In the
leaves the disease is presented with the form of big necpatis that begins from the region
of lamina.

The disease is caused by the fungus Botrytis cinerea (pdden: Botryotinia
fuckeliang. Pathogenic survives on dead plant tissues, as saprophyte, in the digtaage
tissues as well as with its sklirotia. High relative humidstya basic condition for the growth
of disease, while the temperature does not appear to be importansééoa fungus can be
developed in big temperature width. When prevail favourable conditionsnyhelium of
pathogenic is developed very rapidly and it shapes abundant seedsaljcorhése conidia
are propagated with air, the rain (even with the hands, the clatiteshe tools) and cause
pollutions. The pollution of young grapes is owed mainly in previous dawfageianthion,
while the mature grapes can be polluted directly from seedsgti$. Rains at the maturation
of grapes, particularly in dry vineyards, create ideal conditionsoffances by fungus.
Pollutions from botryti can follow (secondary) after insect offesnmefission of grapes from
oidio. Also wounds of plant departments and particularly of grapesauneeteorological
condition, bad handlings or other causes, facilitate the entry of fungus.

For its confrontation it is recommended to apply program of preventigesé@ntions
depending on the climatic conditions. In regions where exists prolesadcious” botryti, is
recommended the sprayings to begin from the blossoming. A usggbprof interventions
includes sprayings after the “tying”, before “closes the ellisin the “polish” and for reject
of belated damages in the table varieties up to before the harkddijionally should be
taken measures for the reject of wounds at the implementatiomohéacares and should be
applied suitable pull of leaves for the better airing of grapes.

4. Esca or Polisporiash Phellinus igniarius, Stereum hirsutu(esca, black measles,

apoplexy).

It is widespread disease of wood that it damages mainly pragsmaf 10 years and
more. It is developed usually slow and resulting to progressive nigairiipremnon or more
seldom abrupt draining (apoplexy). The first symptoms appear iteélves usually late at
summertime (August). These appear characteristic chlorinategisnally and between
neuron, that are finally changed in necroses. The damaged arms dadtesent inflations
because hyperplasia of tissues. The eyes do not fold and itaiarttdr entire head. The sick
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premna live usually some years, presenting cachectic vegegattilesiccation of certain
vines-shoot. The most characteristic symptom of disease is ltbhes yaetachromatismos in
the internal wood (kardioxylo), which because decay becomesasdftporosity. Abrupt
draining of premnon (apoplexy) can befall the summertime.

The disease, even if it still has not been justified completelwttributed in two
basidiomykitesPhellinus igniariusand Stereum hirsutumrhese two fungus parasites many
types of fruitful and forest trees. The pollution of premnoy becomis the seeds
(basidiokarpia) of pathogenic, which are transported with the wind @ians of lopping or
other wounds and realise the pollution. The parasites are developaiyimtthe enterioni
and afterwards in wood. The development of disease is slow and frquoltisgon up to the
event of symptoms intervenes certain years. Disease is possiepresented (seldom) in
young premna and it is owed in the utilisation of polluted multiplieamaterial, which is
emanated from offended premna, that have still not expressed symptoms.

In offended vineyards consists spraying with suitably preparatibnis. spraying
should become before “inflation” of the eyes and when premna are ipletenfethargy. In
step with the chemical confrontation it should be taken various measiuhggiene that aim
in the restriction of pollutant, as extirpation and burn offended premnatrudigon of
fruitfulness of fungus which forms in neighbouring fruiterer or $orees or in stakes.
Moreover, the multiplicative material (vaccines, grafts, katabojastesuld be emanate from
perfectly healthy vineyards. Preventively, it should become digiaofeof big incisions of
lopping.

5. Necrosis of armsEutypa lata

This disease is very widespread in Greece and causes wapyss€amage in
pyrinokarpa, particularly in apricot (die back, gummosis), in the vilygng arm), in the
citrus fruits (particularly in the lemon tree) and in pistachio tree.

In the vine, the pollution begins from the incisions lopping, from whera<siie
fungus (parasite of wounds). The damaged tissues suffer frorsieeand are observed in
incision brown metachromatismos of wood, that remains however hardlédsyh&rom the
damaged arms results frail and deformed vegetation (dwarfs shi@shygonatosi,
deformed and chlorotic leaves). When the disease is not advanced, iy Yhegetation,
without grapes, can cover frail and together and the first sigriedatisease. The disease is
developed slow and has final result the withering of premnon. Usuaityna age above 10
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years are damaged. The liability of incisions of lopping depends onsehson of
implementation. When lopping becomes in period of lethargy (witter)ncisions remain
for bigger interval frail. On the contrary, if it becomes whegime “inflation of eyes”, the
incisions are practically durable because of the “dacrifiaiv(of juices), that prevents the
pollution from the seeds of fungus. Incisions of lopping, which become anthef winter,
remain frail for some weeks. Between the varieties mosttsenare Sabbatiano, Soyltanina,
Karntinal, Razaki, Xinomayro, Asyrtiko.

The disease is caused by askomyliiatypa lata The growth of reproductive bodies
of fungus (fruitfulness, seeds) becomes late. Afterwards ity enthe plant, the fungus is
installed initially in the wood, later in the kambio and in bark, whéris developed causing
necrosis of the tissues and progressively causes the creatidcetd and the necrosis of
arms. After 5 years from the pollution in the withering treemdhe dead offended tissues,
are formed its fruitfulness (perithikia), from where are going to selg#he askosporia, which
are transported with air in large distances causing new pollutitery important factor for
the forming of fruitfulness of fungus and its liberation of sporiomésrain. The mean annual
rainfall of region should be at least 420 mm.

For the confrontation of disease are recommended preventively destrudt
damaged branches, reject of implementation of big incision eatapping, utilisation of
disinfection tools and disinfection of incision of lopping with the sudatmleans. In the
sensitive varieties deliberate is also to execute the lopping, magh later
as possible.

6. Mildew of vine (downy mildew) Plasmopara viticola

Mildew constitutes the more important problem of vine-growing in aeviel,
because it is possible to cause total destruction of production. leeGreaias
presented for first time in 1881 in Messinia, threatening pdatiky regions

s with conditions of high atmospheric humidity (fig. 1).

84



]

Figure 6.1 Geographical distribution of indemnification for damages of mildew in Greece
(source ELGA).

Are damaged all tender, green departments of plant: the shuisates, the ridges
of cluster and the grapes. In the leaves are presented chatiaclight green spots, the so-
called as “spots of oil”, that later undergo from necrosis, theeteare torn and in intense
damage fall. In conditions of high humidity, in the down surface of leasedserved white
bloom. In the mature, old leaves, the form of spots is polygonal. Thpehamlue to the fact
that neuroses of mature leaves complicate the spread of paithcage that it reminds
“mosaic”. This symptom is known and as “spots mosaic”.

In blossoms, pollution can become immediately with perforation or irtyireom the
peduncle and with humid weather are presented the charactevistie exanthiseis of
pathogenic. If the pollution becomes before the blossoming, blossoms withered and fall.

In grapes the pollution becomes indirectly only from the peduncle. ¥ gtapes take
brown-green colour and are covered by exanthisi (bloom) of fungus. WHagesgare
offended later and before the “polish”, because of the growth of fuimgulse interior,
becomes dermatodeis, present brown sunk spots, wrinkle and fall. Thisosynspknown
and as “brown decay”.

In the tender shoots, in the helixes and in the ridges of clugtgrasented similar
spots that become nekrotikes.

Disease is owed in fykomykitRlasmopara viticola.lt mainly over winters with

oosporia (innate form), that requires a “period of maturation” and Hueeidity (drops of
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water eg because rain or other cause) in order to shoot. Thass@wasibly for the primary
pollutions, that begin from shoots and leaves near to ground. Favourable conftitions
pollutions are when prevail temperatures 15-27 °C, relative humi@®§o and follow rain.
Pathogenic pollutes the germinative bodies of vine from stomatiattendnycelium is
developed in the mesokyttarioys spaces. There the funguysested rudely, forming conidia.
These are transported with the wind and constitute pollutant foe#teation of secondary
pollutions. They damage new leaves in the same or in other prenordeino be successful

the pollution the leaves should remain rained for some hours, depending on the temperature.

Critical period for the growth of disease is considered May, bedhasteemperature
goes up, the fungus supplements its biological circle more shamtdycauses many new
offences. Moreover, the same period the germinative growth of virapid, so that forms
continuously new tissues, which are frail in the pollutions.

For the confrontation of peronosporoy are recommended applications uitdble
fungicides, according to the program of Agricultural Warnings, evemtively in the stage of
3-4 leaves, in the “berry”, before the blossoming, afterwards thedtyafter 15-20 days,
depending on meteorological conditions and the pressure of damage.

7. Decays of fruits from penikilla /Prnicillium digitatum, Penicillium italicum,
Penicillium expansum
It is metasyllektikes decays that cause very serious dauagl 100%) in citrus

fruits, vine and vegetables. Additional damage is also caused bththene that

produce the pathogenic fungus, which because it increases the breathints,

= decreases the duration of life and healthy fruits that are foutictisame deposit

with the damaged. Metasyllektikes decays receive large extent when th&t hacamnes with
humid and rainy weather.

In the surface of damaged fruits is observed initialliglat Isunk slot that resembles as
rained and which is extended very rapidly in entire the fruit. Wkeds is developed a
characteristic blue or green bloom which covers slowly the efntite The damaged fruits
emerge a characteristic flavour and smell of mould. In environofdngh relative humidity,
the damaged fruit is decomposed perfectly also with the inteovewti other secondary
micro-organisms (fungus - bacteria). In environment of low reldtivaidity, the damaged
fruit dehydrate, shrink and become mummy.

These decays are caused by fungus of gender Penicillium. Teoéfiingus in the

fruits becomes from wounds, that are created at the harvestréamisag or the packing. On
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the fruits the fungus form their characteristic fruitfulnassl seeds. The seeds (conidia) are
released with air or with light locomotion and are transportedarh#althy fruits. The main
source of pollutant is the damaged fruits in the spaces of gaakih storage. The decays are
encouraged by high temperature (22-24 °C) while in lower are slow down.

For the protection of fruits are recommended the avoidance dfocred wounds at
the harvest and their disinfection with the suitable means onotrdeefore the packing.
Moreover, the storage should become as soon as possible and undercaugitésns of

airing and relative humidity.

8. Fomopsi or exkoriosi of vinePhomopsis viticola
The parasitise is activated with the rain and pollutes the vemeta its start. The

first germinative stages are damaged more and need to be moldwtevarieties

soyltanina and razaki are sensitive. The disease is widesdreadt an the all

vinicultural regions in Greece. The last decades, it began totattnasiderably the
attention all involved in the viticulture, because it can cause big gksnaecrosis of heads
and arms.

Disease damages the shoots, the vines-shoot and the arms but also the leaved, stalk a
the grapes. The more serious symptoms are presented in thehooesEsarly in spring, the
offended from the previous year heads are deceased and do not foldsth&éheyeeceased
heads have white or “silver” colour and bring microscopic blaaist it is the fruitfulness of
pathogenic (pyknidia). Later in spring, in the inferior parts of anwegketation (shoots,
vines-shoot arms) present nekrotikes regions, where the correspondintersis to bud,
forming oblong slots. In intense damage the vines-shoot acquire chlappgarance, nanism
and finally wither.

In the leaves the damage is presented with the form of spels of light green
colour that later becomes brown-black. The presence of many spdeadao the necrosis of
surface of leaves or to their deformity.

The symptoms from the pollution of stalks, helixes of cluster righgep@duncles are
expressed with the forming of oblong necrotic spots with slots tthext wither. The
pathogenic can offend also the grapes, which shrink and wither.

On the surface of grapes and vines-shoot forms the fruitfulnesshofgeaic with the
form of small stains. In this case, the bark of vines-shoot accuivesy characteristic white

colour.
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The disease is owed in the fundeisomopsis viticolaThe fungus overwinters in the
offended organs of vine (vines-shoot, heads, arms), where during winterms its
fruitfulness (pyknidia) and seeds (pyknidiosporia). The seeds thdtenreleased from there,
in spring will pollute the new vegetation. For the liberation arssainination of seeds is
required humid and rainy weather. Transport of pollutant becomes itsthe/farming tools
or even the multiplicative material.

The most likely period of offence is from the ekptyxi of eyespring until the shoots
acquire length of 15 cm. Cool and humid weather encourage the polluti@nscan be
continued up to the “polish”. Restrictive factor for the spread ofadeseare the high
temperatures of summertime.

The disease is faced with preventive wintry sprayings (in tdgesof “dakriria”), in
“inflation” of eyes, with the appearance of first leaves and after 5 daysoMaret should be
destroyed the damaged arms and the vines-shoot. In order to avoichrtbeission of
disease, are recommended disinfection of farming tools and the mattf@ material should
be perfectly healthy. Additionally, should be taken all the régdefarming measures that

encourage the good circulation of air in vineyard.

9. Oidio of vine /Uncinula necator

Oidio is one of the most serious disease of vine and is widesprehé il

vinicultural regions of world. For first time the disease was destiibdlorthern
America, while in Europe it presented in 1845. In Greece, the sdisea
acquaintance with a lot of common names (stachtoma, theiafasthemeliera,
mpastra, mpasaras, alevras, loba, sinapidi).

Damage all parts of plant above the ground (shoots, leaves, carsievine-shoot).
Initially, are presented in the leaves vague chlorotic spots, witetwards are covered by
white bloom. The damage can extend and cover entire the lamina. Moreegause of the
pathogenic growth, is observed undulate deformity of region of develdgangs. Similar
symptoms and alterations are observed in the damaged shoots and & bareover, if the
damage becomes before the blossoming, anthorroia is observed. pég @ covered also
from the exanthiseis of pathogenic in points of damage. If gi@gesffended when they are
small, wither and fall. Moreover, the damage causes fissiograges, therefore usually

follows secondary offences from other pathogenic (eg botrytia),domplete the damage in
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cluster. When the grapes are offended after the “polish” theynat torn but present
escharosis. The grapes are frail until acquire content 8% im.sdgey often is observed
belated damages in the vines-shoot. In the beginning are presenteththeteristic spots
oidioy, which are covered by white exanthisi. Later, are developeedibrown regions, that
are also distinguished at the wintry period.

The disease of oidioy is owed in askomyHkitacinula necator(Erysiphacae). At the
duration of winter, over winters in the eyes eyes with the formyafelium or more seldom,
with the organs of reproduction (kleistothikia). The fungus is developed in flageswf plant
tissues (ektoparasito), while it sends myzitires in the geltsder to be nourished. The new
vegetation which will emanate from the offended eyes, is covergdbly a white bloom,
where the fungus begins to be repeated formings its semudi&). The seeds are transported
in neighbouring shoots or premna causing new pollutions. Particulasditise are the tender
tissues, while usually it does not pollute leaves older age mhtanths, except and if these
are developed in very shady parts. Afterwards, are offendedapesggand the disease expand
in all vineyards provided that the conditions are favourable.

In general, the disease is encouraged by hot weather, no howevertamgpeénatures
bigger than 35 °C. It should be pointed out that the fungus is developeditéttershady
parts of plant, because the sun limits its growth. For the gerionnait seeds is not essential
the existence of water on the plant surface. This means, thaihes@mditions of drought it is
possible to begin the pollution.

In general, the better method to confront oidio is the prevention. Not combiate
the disease can cause important reduction of production and downgrading of qgtiali
product. For the achieved confrontation of oidioy are recommended ajgpigcaccording to
the program of Agricultural Warnings or in the stage of the |@a¥es, little before the
blossoming and after tying, with repetitions depending on the pressurdisease.
Additionally, are recommended farming metres (right lopping, lsabugh, advisable

fertilization with nitrogen) for the avoidance of creation favourable conditionsafithogenic.
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6.2  Protection measurements
In Greece the most important damages in vineyards caused bywnmitleer than
weather condition (table 1). Several measurements for the ciltil&protection consider

vital. Some preventive measures for the avoidance of diseases are listed above.

Table 6.1 Indemnification by damage cause and species cultivation

Cultivation Damage Percentage Indemnification| Percentage
cause
Windstorm 0.26 30.608 0.21
Precipitation | 5.42 1.343.906 9.14
Heatwave 0.02 3.236 0.02
Table grapes | Frost 0.16 89.949 0.61
Flood 0.00 0 0.00
Hail 0.34 85.758 0.58
[Midew 7321 ~ [787.398  [535
Total 9.41 2.340.855 15.91
Windstorm 1.80 71.372 0.49
Precipitation 1.26 1.096 0.01
Heatwave 0.00 0.00 0.00
Currant Frost 0.28 5.518 0.04
Hail 0.19 2.715 0.02
Total 11.03 400.474 2.72

The care of soil and the fertilizatioThe constitution, the depth, the fertility, the
fauna and the microflora of soil should protect. The nutritious elerenisell as the
organic matter have to renew if it is possible. Limited exferttlizations that are
essential for the high quality of grapes, the health of plantssabdtitution of
nutritious elements and organic matter in soil it should only becoavedpd if this is
judged essential after soil analysis. The pollution of undergroundsrswaii¢h
fertilization, particular nitric should be avoided.

Corridors and areas released exempted of pe&is of maintenance of corridors
with green cover in the vineyard, without exist of negative repsi@mos in the
guantity and quality of production is the avoidance of erosion and compatson,
the maintenance and the enrichment of diversity of plant types imctease of
ecological stability in vineyard, as well as the reduction efafspesticides. The total
cover of vineyard with vegetation at the duration of winter is oldigatlf the

90



6.3

humidity of soil at the duration of germinative period is sufficiejot allowed the
maintenance of entire surface of vineyard without vegetationu@sd! the case of
new vineyards (up to 3 years).

Cares of leafageThe system of configuration and the lopping of vineyards will be
supposed to become at way that would be ensured the balance betwsy exi
vegetation and regular production. In humid regions the good airing of @uad r
botreis for avoidance of offences from diseases (mainly botrgticonsidered
important and imposed precautionary metre.

Direct means of plant health protection (combatint)should be given priority in the
use natural, farming, biological and much specialised methods combatngmies,
diseases and pests. The use plant-protection products it shouldted imminimal
and it becomes only when it is required. It should be selectédptbduct or that
process combating that is specialising, less toxic, so that tas h@ssible safe to
human and to environment.

Estimate of danger and observation of enemy or pathogdiie populations of
enemies and the development of diseases should be watched and resguitherty r It
should be used scientifically argued methods of estimate suitabéach region and
area. For each enemy or disease should be determined the adegabtdfence or
the danger of potential damage. The decision if is requiregisgrahould be based
on scientifically determined levels of tolerance, in officiBrnings for the
development of enemy or disease and in the degree the dangerultt broused
recognized models of forecast diseases. Is recommended obsenfagoemy or

disease from team’s producers with the utilisation of special organs (IOBC 1999 a

The use of models in protection of diseases

The use of technological advancements for agrometeorological asiomulof the

disease can produce useful tools for improving crop protection techniRjogs €t al., 1995).

The use of agrometeorological models allows farmers and agrondonisfgesent the reality

of the system and analyze it to improve their knowledge over certain diseasesf plant
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PERO Model

The PERO model simulates the infection cycle development accorting
agrometeorological conditions, allowing the best timing for fudgidreatment. The model
simulates the beginning and the ending of the infection, the duratiits aévelopment and
its intensity. In this way every infectious cycle can be sitedland identified by temporal
and quantitative characteristics allowing the creation ofneettible for sprayings with
fungicides againdPlasmopara viticolalf sprayings are applied shortly before the expiry time
of the incubation of the fungus, farmers will minimize loss of pradoctThe Model was
applied for two areas in central Greece. These areas weotesgesince vine is cultivated in
both areas intensively (Dalezios. Ht,al, 2000). Results of the simulation including number
of oilspots for all categories (new, latent, visible, total) betw29/4/2001 and 31/8/2001 can

be seen in Figure 2.
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Figure 6.2. Model results for new, latent, visible, total oilspots.

PLASMO model

The Plasmo model, (Plasmopora Simulation Model), simulates grapeowway

mildew biological cycle on the basis of agrometeorological param allowing the best
timing for fungicide treatments.
Meteorological data required for the simulation (temperaturiative humidity,

rainfall, etc) that can be collected from agrometeorologtedilom with hourly step. In such a
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way the obtained information is related to the real pathogenlagewment and it allows
identifying the most suitable protection techniques.

6.4 Conclusions

Weather conditions perform significant effect in vineyards not antyé production,
but also in health of the plants. Traditional ways of protection ofagése combining with
technological advancements for agrometeorological simulation afiskase (use of models),
can provide the basis for the best confrontation of diseases and farea efiicient
production. Additional, pointless chemical applications could be avoided ds awel

environmental pollution.
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