
Agrometeorology

Concept, subject and tasks of 
agrometeorology; 

meteorological phenomena



•• AgriculturalAgricultural productionproduction, , especiallyespecially cropcrop
productionproduction is is highlyhighly dependentdependent onon thethe
weatherweather conditonsconditons..

•• The The meteorologicalmeteorological factorsfactors affectaffect::
–– jobsjobs relatedrelated toto cropcrop productionproduction ((e.ge.g. . tillingtilling, , 

sowingsowing, etc.);, etc.);

–– agronomicagronomic methodsmethods ((fertilizationfertilization, pest , pest controlcontrol, , 
etc.);etc.);

–– biologicalbiological processesprocesses of of plantsplants ((theirtheir life life 
processesprocesses, , developmentdevelopment, , cropcrop formationformation, etc.);, etc.);



The The beginningsbeginnings of of climateclimate researchresearch::

• First observations on the climate were performed in the era of the
ancient river cultures of East (Egypt, Mesopotamia, India and China) in
the 3rd-1st millennia BC. The observations were of great importance
in terms of agricultural production (river floods, monsoons).

• In the 5th century BC Herodotus enters the historical, geographic and 
climatic description of areas known by Greeks people. Hippocrates
studied the effects of the climate and meteorological phenomena on
human health.

• The word ”climate” comes from the Greek word clinein (= bend). It
was first used by Aristotle in the 4th century BC. He recognized that
the energy source of climatic phenomena is the Sun; namely, 
inclination of irradiance is of basic importance to climate differences..



•• The The wordword „„meteorologymeteorology”” comescomes fromfrom therther GreekGreek
philosopherphilosopher,, AristotleAristotle (384(384--322 BC).322 BC).

•• ExperiencesExperiences, , observationsobservations..

•• Mauritius Mauritius KnauerKnauer abbotabbot (1612(1612--1664):1664): CalendarCalendar of of OneOne
HundredHundred YearsYears (7 (7 yearsyears of of observationsobservations, , conclusionsconclusions).).

•• „„IfIf itit doesdoes notnot matchmatch untiluntil thethe lastlast raindropraindrop, , thethe goodsgoods
willwill be be asas describeddescribed; ; otherwiseotherwise I I cannotcannot definedefine eithereither thethe
aimsaims oror thethe devicesdevices of of almightyalmighty..””

•• SinceSince 1700ies 1700ies instrumentalinstrumental measurementsmeasurements havehave beenbeen
startedstarted ((thermometerthermometer, , measurementmeasurement of air of air pressurepressure, , 
windwind speedspeed, , windwind directiondirection, etc.)., etc.).

•• MorseMorse (1837): (1837): discoverydiscovery of of thethe telegraphtelegraph..
•• Daily News (London):,1848: Daily News (London):,1848: weatherweather reportsreports viavia

telegraphtelegraph..

•• International International MeteorologicalMeteorological CongressCongress (1837, (1837, ViennaVienna): ): 
International International MeteorologicalMeteorological Organization, Organization, sincesince 19511951
WoroldWorold MeteorologicalMeteorological Organization (WMO).Organization (WMO).



•• MeteorologicalMeteorological InstituteInstitute (1870, Budapest): (1870, Budapest): organizationorganization
of of stationstation networknetwork, , processingprocessing ofof climateclimate datadata..

•• The The firstfirst mappedmapped dailydaily weatherweather forecastforecast: 1891.: 1891.

•• The The firstfirst radioradio sadsad forecastsforecasts: 1936.: 1936.

•• HungarianHungarian MeteorologicalMeteorological Service (HMS);Service (HMS);
http://www.met.huhttp://www.met.hu

•• HMS:HMS: 30 main 30 main meteorologicalmeteorological stationsstations, , nearlynearly 70 70 climateclimate
stationsstations, more , more thanthan 600 600 rainrain gaugegauge stationsstations, 3 , 3 
meteorologicalmeteorological radar radar stationsstations (Budapest, Szentgotth(Budapest, Szentgottháárdrd--
Farkasfa, NyFarkasfa, Nyííregyhregyháázaza--Napkor).Napkor).

•• 1999: Hungary 1999: Hungary joinedjoined EUMETSAT EUMETSAT asas an an associateassociate
membermember, , soso wewe cancan taketake METEOSAT METEOSAT satellitesatellite broadcastsbroadcasts
everyevery 30 30 minutesminutes..



•• MeteorologyMeteorology ((ssciencesscience of of weatherweather phenomenaphenomena, , 
sciencescience ofof weatherweather, , sciencescience ofof thethe
atmosphereatmosphere):): sciencescience dealingdealing withwith processesprocesses
thatthat taketake placeplace inin thethe atmosphereatmosphere..

•• AgrometeorologyAgrometeorology:: purposepurpose: : transformingtransforming
knowledgeknowledge onon climateclimate toto usefuluseful informationinformation forfor
agricultureagriculture..

•• Smith (1970):Smith (1970): agrometeorologyagrometeorology:: shortshort formform of of 
thethe wordword agriculturalagricultural meteorologymeteorology. The . The 
sciencescience of of meteorologymeteorology servesserves agricultureagriculture inin
orderorder toto makemake a a consciousconscious landland useuse and and toto
increaseincrease yieldyield withoutwithout exploitingexploiting naturalnatural
resourcesresources.   .   



SolarSolar radiationradiation
•• EnergyEnergy of of thethe solarsolar radiationradiation reachingreaching thethe EarthEarth’’ss surfacesurface

dependsdepends onon::
–– solarsolar constantconstant;;
–– angleangle of of incidenceincidence ofof thethe solarsolar radiationradiation;;
–– lengthlength of of thethe dayday;;

•• SolarSolar constantconstant:: ItIt characterizescharacterizes thethe intensityxintensityx of of thethe
electromagneticelectromagnetic radiationradiation ofof thethe Sun. Sun. ThisThis is is thethe amountamount
of of radiationradiation energyenergy, , whichwhich inin thethe casecase ofof mediummedium SunSun--
EarthEarth distancedistance atat thethe outerouter boundaryboundary of of thethe atmosphereatmosphere
traversetraverse atat unit unit crosscross--sectionsection perpendicularperpendicular toto radiationradiation, , 
duringduring unitunit timetime (1368 W(1368 W⋅⋅mm--22). ). 

•• AbsoluteAbsolute valuevalue of of thethe radiationradiation intensityintensity inin perihelionperihelion is is 
aroundaround 7% 7% higherhigher atat thethe EarthEarth’’ss surfacesurface thanthan inin aphelionaphelion..

•• The The surfacesurface getsgets onlyonly 40%40% (i.e. 136.8 W(i.e. 136.8 W �� mm--22)) of of thethe solarsolar
radiationradiation thatthat reachesreaches thethe upperupper boundaryboundary of of thethe
atmsophereatmsophere, , namelynamely 342 W342 W⋅⋅mm--22..



•• SolarSolar radiationradiation reachesreaches thethe EarthEarth’’ss surfacesurface asas almost almost completelycompletely beambeam. . 
The The sphericalspherical EarthEarth sharesshares an an energyenergy fromfrom thethe parallel parallel beambeam, , 
proportionalproportional toto thethe areaarea of of itsits crosscross--sectionsection ((II0 0 ·· RR2 2 

·· ππ) ) ((R:R: radiusradius of of thethe
EarthEarth). ). ThisThis energyenergy is is distributeddistributed onon thethe wholewhole EarthEarth ((sphericalspherical surfacesurface) ) 
((T = 4T = 4··RR22

··ππ). ). 

⇒⇒ thethe calculatedcalculated meanmean radiationradiation: : 

•• OnlyOnly a a fractionfraction of of thethe energyenergy ofof thethe solarsolar radiationradiation is is capturedcaptured byby thethe
EarthEarth and and thethe otherother planetsplanets; ; itsits most part most part removesremoves fromfrom thethe solarsolar
systemsystem;;

⇒⇒ radiationradiation fromfrom otherother starsstars cancan getget toto EarthEarth;;

⇒⇒ thethe resultingresulting energyenergy correspondscorresponds toto a a blackblack--bodybody radiationradiation
temperaturetemperature of of ≈≈3 K; 3 K; 

thisthis energyenergy is is energeticallyenergetically negligiblenegligible, , butbut understandingunderstanding
of of thethe universeuniverse is is essentialessential; ; 
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1965:1965: ArnoArno PenziasPenzias andand Robert WilsonRobert Wilson carriedcarried out out radioradio astronomyastronomy
experimentsexperiments withwith a a smallsmall, , highlyhighly sensitivesensitive antenna; antenna; theythey observedobserved a a 
steadysteady, , lowlow--frequencyfrequency noisenoise, filming , filming thethe antenna antenna inin anyany directiondirection
←→←→ theirtheir instrumentinstrument waswas flawlessflawless; ; 

ThisThis noisenoise is is thethe remainsremains of of thethe cosmiccosmic microwavemicrowave backgroundbackground
radiationradiation →→ itit waswas createdcreated whenwhen, , followingfollowing thethe Big BangBig Bang, , thethe
temperaturetemperature of of thethe universeuniverse reducedreduced enoughenough toto allowallow thethe materialmaterial
toto becomebecome transparenttransparent. . ThenThen thethe temperaturetemperature of of thethe universeuniverse waswas
≈≈ 3000 3000 ººC (C (todaytoday --27270 0 ººC ). C ). ThisThis radiationradiation is is actuallyactually lightlight thatthat isis
inducedinduced byby lowlow--temperaturetemperature blacbodyblacbody radiationradiation ⇒⇒ itit cancan be be 
observedobserved inin µµm m wavelengthwavelength rangerange;;

⇒⇒ finalfinal proofproof →→ timetime of of thethe Big BangBig Bang;;
⇒⇒ 1978: Nobel 1978: Nobel PrizePrize inin PhysicsPhysics;;

onceonce thethe materialmaterial of of thethe univeruniversese waswas condensedcondensed inin an an infinitelyinfinitely
smalsmal pointpoint;; Big BangBig Bang ⇒⇒ gaalxiesgaalxies werewere formedformed fromfrom thisthis materialmaterial; ; 
The The ageage of of thethe universeuniverse ≈≈ 113,73,7 billionbillion yearsyears;; blackblack--bodybody radiationradiation
revealsreveals datadata onon an an earlyearly phasephase of of itsits existenceexistence;  ;  

The The discoverydiscovery ofof PenziasPenzias andand WilsonWilson is an is an evidenceevidence inin supportsupport of of 
felfedezfelfedezéése bizonyse bizonyííttéékk LemaLemaîîtretre’’ss theorytheory and and HubbleHubble’’ss
observationobservation supportingsupporting itit; ; 



GeorgesGeorges--Henri Henri LemaLemaîîtretre (1894 (1894 –– 1966);1966);
BelgianBelgian catholiccatholic priestpriest, , honoraryhonorary prelateprelate, , physicistphysicist, , astronomerastronomer; ; 

1927; 1931:1927; 1931: NatureNature:: „„ancientancient atomicatomic theorytheory””; he ; he theroeticallytheroetically provedproved
thatthat: : 

�� EinsteinEinstein’’ss generalgeneral theorytheory of of relativityrelativity ((staticstatic universeuniverse) is ) is faultyfaulty; ; 

�� The The universeuniverse cancan be be writtenwritten withwith a a betterbetter modelmodel, , ifif itit is is basedbased onon
thethe theorytheory of of thethe expandingexpanding universeuniverse; ; 

Edwin Hubble (1889Edwin Hubble (1889--1953);1953);

American American astronomerastronomer; ; 

1929: 1929: onon therther basisbasis of of astronomicalastronomical observationsobservations he he foundfound evidenceevidence
thatthat otherother galaxiesgalaxies areare movingmoving awayaway fromfrom ourour; ; 

⇒⇒ LemaLemaîîtretre:: thethe universeuniverse occurredoccurred byby explodingexploding of of somesome originaloriginal
atomsatoms ((Big BangBig Bang););



�� AdditionalAdditional resultsresults confirmingconfirming thethe Big BangBig Bang

John C. John C. MatherMather andand George F. George F. SmootSmoot US US researchersresearchers:                       :                       
⇒⇒ discoverydiscovery of of anisotropyanisotropy ofof blackblack--bodybody radiationradiation and and cosmiccosmic
microwavemicrowave backgroundbackground radiationradiation; ; 

((AnisotropyAnisotropy is is defineddefined asas thethe phenomenonphenomenon wherewhere somesome of of thethe
propertiesproperties ofof thethe materialmaterial areare differentdifferent inin differentdifferent directionsdirections.).)

TheirTheir researchresearch resultsresults havehave shownshown thatthat thethe thethe universeuniverse reallyreally owesowes
itsits birthbirth toto thethe Big Bang;Big Bang;;  ;  

⇒⇒ 2006: Nobel 2006: Nobel PrizePrize inin PhysicsPhysics;;



�� MatherMather andand SmootSmoot measuredmeasured lowlow--temperaturetemperature blackblack--bodybody
radiationradiation of of thethe universeuniverse withwith a a selfself--developeddeveloped instrumentinstrument allocatedallocated
intointo thethe spacespace forfor measuringmeasuring cosmiccosmic microwavemicrowave backgroundbackground
radiationradiation. . 

�� TheirTheir discoverydiscovery is a is a proofproof thatthat afterafter thethe Big Bang Big Bang therethere waswas notnot
exactlyexactly thethe samesame temperaturetemperature inin thethe universeuniverse everywhereeverywhere. . 

The The existenceexistence of of thethe imprintimprint ofof densitydensity and and temperaturetemperature
fluctuationsfluctuations atat thatthat timetime is is currentlycurrently shownshown onlyonly inin thethe cosmiccosmic
microwavemicrowave backgroundbackground anisotropyanisotropy. . 

TemperatureTemperature fluctuationsfluctuations of of thethe backgroundbackground radiationradiation



•• Ha feltHa feltéételezztelezzüük, hogy a Fk, hogy a Fööldld--lléégkgköör rendszer r rendszer 
sugsugáárzrzáása feketetestsa feketetest--sugsugáárzrzáás, akkor mennyi annak s, akkor mennyi annak 
egyensegyensúúlyi hlyi hőőmméérsrsééklete?klete?

�� A FA Fööld ld ééves ves áátlagos tlagos albedalbedóójaja: 30 %;: 30 %;

�� A jellemzA jellemzőő visszavert napsugvisszavert napsugáárzrzáás: 0,3s: 0,3··342 W342 W··mm--22 = 103 W= 103 W··mm--22; ; 

�� A rendszerben maradA rendszerben maradóó napsugnapsugáárzrzáási energia: 239 Wsi energia: 239 W··mm--22; ; 

Az egyensAz egyensúúly kly köövetelmvetelméénye miatt a rendszerben maradnye miatt a rendszerben maradóó napsugnapsugáárzrzáási si 
energienergiáának valami mnak valami móódon tdon táávoznia kell:voznia kell:

•• A lA léégkgköörbrbőől kl köönnynnyűű molekulmolekuláák k áállandllandóóan tan táávoznak                         voznak                         
⇒⇒ energiavesztenergiavesztéés (s (elhanyagolhatelhanyagolhatóó); ); 

•• HHőőmméérsrséékleti sugkleti sugáárzrzáás (s (meghatmeghatáározrozóó); ); 



EE = = 239 W239 W··mm--22; ; 

TT = ?= ?

AccordingAccording toto thethe StefanStefan––BoltzmanBoltzman lawlaw::

ExpressingExpressing thethe temperaturetemperature fromfrom thethe aboveabove equationequation::
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•• NamelyNamely TT = 255 K = = 255 K = --1818ººC;C;
⇒⇒ EE = = 239 W239 W··mm--22 radiationradiation energyenergy is is lostlost atat --1818ººC C temperaturetemperature

byby thethe EarthEarth; ; 
⇒⇒ lookinglooking atat thethe EarthEarth fromfrom thethe spacespace, , itsits temperaturetemperature is is --1818ººC;C;

•• SatelliteSatellite measurementsmeasurements:: annualannual averageaverage of of thethe emissionemission,                   ,                    
19791979–– : : ≈≈ 235 W235 W··mm--22; ; 

⇒⇒ therethere is no is no energyenergy balancebalance: : thethe globalglobal energyenergy balancebalance inin thethe
studystudy periodperiod: +4; +5 : +4; +5 WW··mm--22; ; 

PossiblePossible causescauses::
��SloarSloar constantconstant measurementsmeasurements:: absoluteabsolute errorerror (0,3%);(0,3%);
��albedoalbedo measurementsmeasurements:: systematicsystematic errorerror;;
��EmissionEmission measurementsmeasurements:: systematicsystematic errorerror (more %);(more %);



�� The The atmosphericatmospheric greenhousegreenhouse effecteffect

The The EarthEarth is is inin radaiationradaiation balanacebalanace whenwhen itsits surfacesurface temperaturetemperature:          :          
TT = = --1818ººC;C;

ButBut thethe EarthEarth’’ss actualactual averageaverage surfacesurface temperaturetemperature: : TT = +15= +15ººC;C;
⇒⇒ thisthis is is 3333ººC C warmerwarmer thanthan thethe equilibriumequilibrium temperaturetemperature;;
�� The The differencedifference betweenbetween thethe surfacesurface temperaturetemperature and and thethe equilibriumequilibrium

temperaturetemperature comescomes fromfrom thethe atmosphericatmospheric greenhosegreenhose effecteffect. . 

WhatWhat playsplays a a rolerole inin thethe 3333ººC C increaseincrease of of thethe equilibriumequilibrium temperaturetemperature
ofof thethe EarthEarth’’ss atmosphereatmosphere? ? 

�� The The solarsolar radiationradiation intensityintensity and and spectralspectral compositioncomposition;;
�� The The characteristicscharacteristics of of thethe atmosphereatmosphere;;
�� The The climateclimate--modifyingmodifying effecteffect of of thethe surfacesurface;;
�� GreenhouseGreenhouse gasesgases (H(H22O, COO, CO22, CH, CH44, CFC, NO, CFC, NOxx, etc.), etc.)

�� CorrectlyCorrectly:: wewe cancan talktalk aboutabout thethe greenhousegreenhouse effecteffect of of thethe EarthEarth--
atmosphereatmosphere systemsystem ((aaFF--ll = 30%) = 30%) ⇒⇒ equilibriumequilibrium temperaturetemperature:                :                
TTFF--ll = = +15+15ººC;C;

�� IfIf wewe disregarddisregard thethe EarthEarth’’ss atmosphereatmosphere ((aaFF = 10%)                                     = 10%)                                     
⇒⇒ equilibriumequilibrium temperaturetemperature: : TTFF = = 00ººC C ;;



•• The The absorbedabsorbed solarsolar radiationradiation inin thethe atmosphereatmosphere and and thethe
EarthEarth’’ss surfacesurface

The The EarthEarth--atmosphereatmosphere systemsystem reflectsreflects a a certaincertain amountamount of of thethe incidentincident
solarsolar radiationradiation::

�� 30% is 30% is reflectedreflected intointo thethe spacespace ((aaFF--ll = 30%); = 30%); 

�� 70% is 70% is absorbedabsorbed byby thethe atmosphereatmosphere and and thethe EarthEarth’’ss surfacesurface;;

AlthoughAlthough allall thethe absorbedabsorbed solarsolar radiationradiation energyenergy leavesleaves thethe EarthEarth--
atmosphereatmosphere systemsystem, , butbut consideringconsidering thethe evolutionevolution of of thethe processesprocesses inin
thethe systemsystem itit is is importantimportant, , howhow thethe incomingincoming energyenergy isis distributeddistributed
withinwithin thethe systemsystem; ; 

AbsorptionAbsorption of of thethe solarsolar radiationradiation inin thethe atmosphereatmosphere and             and              
onon thethe EarthEarth’’ss surfacesurface

sugárzáselnyelés, % légköri állapotok 
légkör felszín 

a légkör tiszta, a felhők 
desztillált víz cseppjeiből 
állnak 

20 50 

a légköri aeroszolt is 
figyelembe véve 

25 45 

valódi légkör esetén 30 40 



•• The The solarsolar radiationradiation and and energyenergy needsneeds of of mankindmankind

�� The The solarsolar radiationradiation is is thethe energyenergy sourcesource of of thethe inanimateinanimate and and livingliving
naturenature ((foodfood, , energyenergy--carrierscarriers nuclearnuclear fusionfusion););

�� A A portionportion of of thethe solarsolar radiationradiation energyenergy is is absorbedabsorbed byby thethe
vegetationvegetation →→ duringduring thisthis processprocess theythey extractextract carboncarbon dioxidedioxide fromfrom
thethe atmosphereatmosphere; ; 

�� SinceSince more more plantsplants areare foundfound onon thethe NorthernNorthern HemisphereHemisphere
comparedcompared toto thethe Southern Southern ⇒⇒

•• inin thethe summersummer of of thethe NorthernNorthern HemisphereHemisphere thethe EarthEarth’’ss carboncarbon
inventoryinventory decreasesdecreases aroundaround 2%; 2%; 

•• inin thethe summersummer of of thethe NorthernNorthern HemisphereHemisphere itit increasesincreases aroundaround
3 %; 3 %; 

FromFrom thethe lastlast 150 150 yearsyears thethe accumulationaccumulation of of carboncarbon dioxidedioxide couldcould be be 
preventedprevented ifif everyevery yearyear wewe burnburn asas muchmuch carboncarbon energyenergy, , asas is is 
storedstored annuallyannually throughthrough thethe vegetationvegetation, , oceansoceans and and oceanicoceanic
limestonelimestone formationformation..

HowHow muchmuch energyenergy doesdoes thisthis meanmean everyevery yearyear forfor humanityhumanity? ? 



�� EveryEvery squaresquare metermeter of of thethe EarthEarth’’ss surfacesurface absorbsabsorbs aroundaround 40% of 40% of 
thethe solarsolar radiationradiation energyenergy arrivingarriving toto thethe upperupper boundaryboundary of of thethe
atmosphereatmosphere::

EE = 0.4 = 0.4 ·· 342 W342 W··mm--22 = 136.8 W= 136.8 W··mm--22;;

�� IfIf thisthis valuevalue is is mutipliedmutiplied byby thethe EarthEarth’’ss surfacesurface (5.1(5.1··10101414 mm22)   )   
⇒⇒ thethe solarsolar radiationradiation absorbedabsorbed byby thethe wholewhole surfacesurface of of thethe EarthEarth::
EE = = 136.8 W136.8 W··mm--2 2 ·· 5.15.1··10101414 mm2 2 =  697.68 =  697.68 ·· 10101414 WW; ; 

�� OnlyOnly oneone--fifthfifth of of thethe surfacesurface is is coveredcovered byby vegetationvegetation ⇒⇒ thethe aboveabove
performance performance shouldshould be be multipliedmultiplied byby 0.2:0.2:

EE = 0.2 = 0.2 ·· 697.68 697.68 ·· 10101414 W = 139.536 W = 139.536 ·· 10101414 WW;;

�� SupposeSuppose thatthat thethe plantsplants absorbabsorb 1% of 1% of thethe solarsolar radiationradiation: : 
EE = 0.01 = 0.01 ·· 139.536 139.536 ·· 10101414 W = 1.39536 W = 1.39536 ·· 10101414 WW;;

�� SolarSolar radiationradiation energyenergy absorbedabsorbed byby thethe vegetationvegetation is is utilizedutilized byby 5% 5% 
efficiencyefficiency::

EE = 0.05 = 0.05 ·· 1.39536 1.39536 ·· 10101414 W = 6.9768 W = 6.9768 ·· 10101212 W W ≈≈ 77··10101212 WW;;



�� MeanMean annualannual energyenergy consumptionconsumption inin technologicallytechnologically developeddeveloped
countriescountries : : ≈≈10 kW / unit; 10 kW / unit; 

�� IfIf thethe aboveabove highhigh levellevel energyenergy consumptionconsumption is is supposedsupposed

⇒⇒

⇒⇒ approxapprox. 700 . 700 millionmillion peoplepeople couldcould livelive onon EarthEarth thatthat theirtheir energyenergy
demanddemand woildwoild increaseincrease thethe atmosphericatmospheric carboncarbon dioxidedioxide concentrationconcentration;;

�� The The populationpopulation of of thethe EarthEarth is is currentlycurrently approxapprox. 7.2 . 7.2 billionbillion peoplepeople, , 

and and willwill stabilizestabilize whenwhen itit reachesreaches aroundaround 10 10 billionbillion peoplepeople..
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•• ALL HUMAN ACTIVITIES LEADS TO THE ALL HUMAN ACTIVITIES LEADS TO THE 
GLOBAL WARMING. GLOBAL WARMING. 

•• THE GROWING ENERGY PROBLEM OF THE THE GROWING ENERGY PROBLEM OF THE 
PROLIFERATING MANKIND IS A MAJOR PROLIFERATING MANKIND IS A MAJOR 
SOURCE OF ENVIRONMENTAL CONCERNS. SOURCE OF ENVIRONMENTAL CONCERNS. 

•• SOLUTIONS (?)SOLUTIONS (?)

Polluted air over 

the Po River

Plain, Italy

Japán



The The objectobject and and functionsfunctions of of 
agrometeorologyagrometeorology



WeatherWeather, , climateclimate and and agriculturalagricultural
productionproduction



IntroductionIntroduction

•• RecentlyRecently, , thethe developmentdevelopment of of agricutureagricuture has has 
significantlysignificantly acceleratedaccelerated;;

•• A A sharpsharp increaseincrease inin cropcrop yieldsyields waswas inducedinduced byby::
•• newnew, more , more profuctiveprofuctive hybridshybrids;;

•• largelarge quantitiesquantities of of fertilizersfertilizers;;

•• modern modern agornomicagornomic methodsmethods;;

•• ItIt is is knownknown thatthat currentlycurrently almost almost everyevery processprocess
inin industrialindustrial productionproduction is is underunder thethe directiondirection and and 
controlcontrol of man.of man.

•• AgriculturalAgricultural productionproduction: : meteorolgicalmeteorolgical effectseffects; ; 



The The conceptconcept of of timetime, , weatherweather and and 
climateclimate

•• TimeTime is is thethe systemsystem of of physicalphysical propertiesproperties and and processesprocesses of of 
thethe atmosphereatmosphere being being inin constantconstant interactioninteraction withwith thethe
environmentenvironment and and eacheach otherother atat a a givengiven placeplace and and givengiven
momentmoment..

•• WeatherWeather is is thethe systemsystem of of physicalphysical propertiesproperties and and processesprocesses
of of thethe atmosphereatmosphere being being inin constantconstant interactioninteraction withwith thethe
environmentenvironment and and eacheach otherother atat a a givengiven placeplace and and over a over a 
shortershorter periodperiod (a (a fewfew daysdays, 1, 1--2 2 weeksweeks))..

•• ClimateClimate is is thethe systemsystem of of physicalphysical propertiesproperties and and processesprocesses
of of thethe atmosphereatmosphere being being inin constantconstant interactioninteraction withwith thethe
environmentenvironment and and eacheach otherother atat a a givengiven placeplace and and duringduring a a 
longerlonger periodperiod ((usuallyusually a a fewfew decadesdecades))..



Astronomical factors modifying solar radiation



OrbitOrbit elementselements of of thethe EarthEarth

A: Aphelion point 1: Plain of the inclination of the Earth’s axis

P: Periohelion point 2: Rotation axis of the Earth

3: Plain of the Earth’s orbit



Antropogén eredetű hatások

• Increase in greenhouse gas emissions;

• Increase in SO2 and NOx emissions
(acid rain, increase in aerosol concentrations);

• Biomass burning (increase of aerosol concentrations);

• Increase in concentrations of halogenated hydrocarbons
(O3-decompsition in the stratopsphere);

• Change of the surface (e.g. forest burning, soil erosion, etc.); 
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Az éghajlatot befolyásoló néhány visszacsatolási mechanizmus

Positive feedback:
a) between atmospheric CO2 content and temperature;
b) between the size of the ice cover and temperature;

Negaitive feedback:
a) between the surface temeprature and cloud

formation;



Surface ocean currents on the Earth



Globális felmelegedés hatása a Golf – áramlásra 





Forecast of the global mean temperature



Possible realizations of climate

change and their interpretation



FactorsFactors formingforming weatherweather and and 
climateclimate

•• WeatherWeather and and climateclimate areare suchsuch systemsystem of of conditonsconditons
characterizingcharacterizing thethe propertiesproperties ofof thethe atmosphereatmosphere, , whichwhich
is is affectedaffected byby thethe externalexternal environmentenvironment and and thethe internalinternal
interactionsinteractions areare alsoalso importantimportant. . 

•• CimateCimate--formingforming factorsfactors::
1.1. solarsolar radiationradiation;;

2.2. heatheat supplysupply; ; 

3.3. air air currentscurrents, , seasea currentscurrents; ; 

4.4. waterwater supplysupply; ; 

5.5. formalformal and and materialmaterial propertiesproperties of of thethe surfacesurface; ; 



1. 1. SolarSolar radiationradiation
•• SolarSolar radiationradiation has has thethe greatestgreatest importanceimportance, , whichwhich deliversdelivers energyenergy toto

thethe atmosphericatmospheric processesprocesses..

•• WhenWhen developingdeveloping longlong--termterm agrometeorologicalagrometeorological forecastingforecasting methodsmethods, , 
thethe relationshiprelationship betweenbetween solarsolar radiationradiation and and somesome meteorologicalmeteorological
phenomenaphenomena areare alsoalso takentaken intointo account.account.



The amount of solar energy as a function of                             
the angle of incidence of the solar radiation

A: in the tropics; B: in the temperate belt;



3. Air 3. Air currentscurrents

•• TheyThey developdevelop theirtheir effecteffect withinwithin thethe atmosphereatmosphere;;

•• consequencesconsequences::

–– air air massesmasses of of particularparticular characteristicscharacteristics formedformed over over 
somesome activeactive surfacessurfaces passpass awayaway fromfrom theirtheir placeplace of of 
originorigin;;

–– over a over a newnew locationlocation differentdifferent weatherweather conditiosconditios occuroccur;;



Other factors affecting climate

Sea currents. Broeker’s oceanic conveyor;

meleg felszíni áramlás

hideg, sós mélyvízi áramlás



Water supply



2. 2. ActiveActive surfacesurface

SolarSolar radiationradiation passespasses throughthrough thethe
air, and air, and inin thethe air, air, oror belowbelow thethe
airair layerslayers, , onon thethe surfacesurface of a of a 
materialmaterial thatthat is is usuallyusually muchmuch
thickerthicker thanthan thethe airair

•• a a portionportion is is reflectedreflected back;back;

•• thethe otherother part is part is absorbedabsorbed;;

SO 2

CH4

aeroszol részecskék

CO
2

vízgőz

vízgőz
CO

2
CO2

O3

O
2

CFC



Dependence of albedo on material quality

0.08 – 0.10water

0.15 – 0.20coniferous forest

0.10 – 0.15deciduous forest

0.10 – 0.25sand

0.42 – 0.70old snow

0.81 – 0.85fresh snow

albedotype of surface



WeatherWeather and and thethe climateclimate elementselements

MeterologicalMeterological elementselements: : 

physicalphysical propertiesproperties characterizingcharacterizing weatherweather and and climateclimate: : 

e.ge.g.  air .  air pressurepressure, , airair temperaturetemperature, , precipitationprecipitation, etc., etc.

–– theythey areare regularlyregularly measuredmeasured oror observedobserved atat thethe
individualindividual meteorologicalmeteorological stationsstations;;

–– theythey cancan be be usedused forfor characterizingcharacterizing::
–– weatherweather; ; 

–– climateclimate;;



TasksTasks of of agrometeorologyagrometeorology



AgrometeorologyAgrometeorology: : 

a a sciencescience dealingdealing withwith meteorologicalmeteorological conditionsconditions thatthat
affectaffect objectsobjects and and processesprocesses of of agriculturalagricultural productionproduction;;

ObjectObject of of agrometeorologyagrometeorology::
thethe relationshiprelationship betweenbetween meteorologicalmeteorological conditionsconditions and and agriculturalagricultural
productionproduction;;

•• MeteorologicalMeteorological conditionsconditions::

�� weatherweather;;

�� climateclimate;;

•• AgriculturalAgricultural productionproduction::

�� fieldfield and and gardengarden cropscrops;;

�� forestryforestry;;

�� livestocklivestock breedingbreeding;;



TaskTask of of agrometeorologyagrometeorology::

DetectingDetecting thethe effectseffects of of meteorologicalmeteorological
conditionsconditions onon

–– plantsplants, , 

–– processesprocesses of of plantplant productionproduction and and 

–– activitiesactivities associatedassociated withwith plantplant
productionproduction;;



ToTo thisthis end, end, researchresearch must must specifyspecify::

•• The The thresholdsthresholds::
–– betweenbetween upperupper and and lowerlower valuesvalues of of whichwhich thethe productionproduction is is possiblepossible

and and economiceconomic, , oror

–– belowbelow oror upperupper of of themthem thethe plantsplants areare damageddamaged oror completelycompletely
destroyeddestroyed;;

•• The The territorialterritorial extremesextremes::
–– betweenbetween whichwhich life life phenomenaphenomena of of thethe individualindividual plantsplants occuroccur inin a a 

particularparticular areaarea;;

•• ProbabilityProbability valuesvalues of of thethe meteorologicalmeteorological conditionsconditions inin a a givengiven
productionproduction areaarea thatthat characterizecharacterize
–– economiceconomic growinggrowing of of thethe individualindividual plantsplants,  ,  

–– conditionsconditions of of thethe performance of performance of thethe agriculturalagricultural workwork, and, and

–– favourablefavourable conditionsconditions of of thethe effectiveeffective implementationimplementation ofof agriculturalagricultural
proceduresprocedures;;



•• probabilityprobability of of occurrenceoccurrence ofof adverseadverse oror harmfulharmful
meteorologicalmeteorological effectseffects forfor plantplant productionproduction;;

•• agroclimatologicalagroclimatological analogiesanalogies::

–– i.e. i.e. thosethose productionproduction areasareas, , wherewhere thethe meteorologicalmeteorological
conditionsconditions of of growinggrowing thethe individualindividual economiceconomic plantsplants cancan
be be expectedexpected withwith thethe samesame probabilityprobability;;

•• thosethose prognosticprognostic methodsmethods::

–– whichwhich allowallow providingproviding appropriateappropriate informationinformation forfor thethe
managersmanagers of of thethe agriculturalagricultural productionproduction onon thethe expectedexpected
mteorologicalmteorological conditionsconditions;;



Organization of Organization of agrometeorologyagrometeorology



The The threethree basicbasic componentscomponents of of 
agrometeorologyagrometeorology areare asas followsfollows::

•• datadata collectioncollection;;

•• reserachreserach;;

•• informationinformation servicesservices;;



Data Data collectioncollection

•• The The basebase of of informationinformation servicesservices::

–– datadata collectioncollection basedbased onon thethe principleprinciple of parallel  of parallel  
observationobservation ((datadata collectioncollection basedbased onon thethe wholewhole of               of               
airair--soilsoil--plantplant systemsystem););

•• Data Data processingprocessing: : 

((controlcontrol, , correctioncorrection, , organizationorganization););

•• AfterAfter properproper processingprocessing datadata cancan be be usedused forfor::

–– researchresearch;;

–– informationinformation purposespurposes;;



ResarchResarch

•• AgrometeorologicalAgrometeorological researchesresearches cancan be be 
classifiedclassified intointo threethree groupsgroups::

1.1. AgroclimatologicalAgroclimatological researchesresearches;;

2.2. FiledFiled trialstrials;;

3.3. MethodologicalMethodological researchesresearches;;



1. 1. AgroclimatologicalAgroclimatological reserachesreseraches

ItsIts aimaim is is toto collectcollect datadata forfor a a longerlonger periodperiod, and , and 
basedbased onon themthem toto discoverdiscover lawslaws of:of:

–– weatherweather--plantplant relationshiprelationship andand

–– thethe processprocess of of weatherweather –– agriculturalagricultural productionproduction;;

•• TheseThese analysisanalysis cancan be be significantsignificant forfor::

–– agroclimatologicalagroclimatological evaluationevaluation of of thethe growinggrowing areaarea;;

–– cultivationcultivation worksworks;;

–– answeringanswering questionsquestions leftleft openopen byby agroclimatologicalagroclimatological
researchesresearches;;



2. 2. FieldField trialstrials

TaskTask::

1.1. toto getget more more detaileddetailed datadata comparedcompared toto
networknetwork monitoring;monitoring;

2.2. answeringanswering questionsquestions leftleft openopen byby
agroclimatologicalagroclimatological researchesresearches;;



3. 3. MethodologicalMethodological researchresearch

PurposePurpose::

–– toto provideprovide objectiveobjective methodsmethods forfor
agrometeorologicalagrometeorological routineroutine service; service; 

–– and and allowallow responseresponse forfor specificspecific meteorologicalmeteorological
problemsproblems arisingarising fromfrom agriculturalagricultural productionproduction;;



VerificationVerification

ComparisonComparison of of calculatedcalculated oror predictedpredicted datadata toto
actualactual datadata, , inin orderorder toto::

–– confirmconfirm thethe researchresearch resultsresults;;

–– checkcheck and and correctcorrect ourour informationinformation service;service;

–– exploreexplore thethe causescauses of of mistakesmistakes;;



InformationInformation serviceservice

•• The The organizationorganization of of agrometeorologyagrometeorology waswas
foundedfounded toto provideprovide meteorologicalmeteorological informationinformation
forfor agriculturalagricultural productionproduction..

•• ItIt has has twotwo main main elementselements::

1.1. analysisanalysis;;

2.2. informationinformation;;



AnalysisAnalysis::

studystudy and and evaluationevaluation of of agrometeorologicalagrometeorological datadata
usingusing agrometeorologicalagrometeorological theorytheory and and objectiveobjective
methodsmethods;;

PurposePurpose::

toto produceproduce datadata intointo thethe formform requestedrequested byby thethe
farmsfarms;;



InformationInformation::

thethe processprocess whenwhen, , asas a a resultresult of of thethe analysisanalysis, , 
meteorologicalmeteorological responsesresponses toto thethe actualactual issuesissues ofof thethe
agriculturalagricultural productionproduction areare composedcomposed;;

TheseThese maymay referrefer toto thethe followingfollowing timetime relatedrelated
meteorologicalmeteorological effectseffects::

–– pastpast

–– ongoingongoing andand

–– futurefuture developmentsdevelopments;;



AgrometeorologicalAgrometeorological datadata collectioncollection
and and --processingprocessing



Data Data collectioncollection methodsmethods

�� The The methodmethod of parallel of parallel meteorologicalmeteorological and and 
phenologicalphenological observationsobservations;;

�� The The methodmethod of of simultaneoussimultaneous sowingsowing inin
differentdifferent climateclimate regionsregions;;

�� The The methodmethod of of intermittentintermittent drilling;drilling;



1.1. The The methodmethod of parallel of parallel 
meteorologicalmeteorological and and phenologicalphenological
observationsobservations

•• ItsIts essenceessence: : 

simultaneoussimultaneous observationobservation of of meteorologicalmeteorological
elementselements and and phenologyphenology;;

•• PrinciplesPrinciples of of agrometeorologyagrometeorology;;



2.2. The The methodmethod of of simultaneoussimultaneous
sowingsowing inin differentdifferent climateclimate regionsregions

•• ItsIts essenceessence: : 

thethe seedsseeds of of oneone and and thethe samesame plantplant is is sownsown atat
thethe samesame timetime inin differentdifferent climateclimate regionsregions; ; 

•• A A sufficientsufficient numbernumber of monitoring of monitoring stationsstations; ; 



3. The 3. The methodmethod of of intermittentintermittent
drillingdrilling

•• ItsIts essenceessence: : 

atat thethe samesame placeplace, , thethe seedsseeds of of oneone and and thethe
samesame plantplant is is sownsown atat consecutiveconsecutive datesdates ((e.ge.g. . 
everyevery 7th 7th dayday););

•• duringduring theirtheir differentdifferent phenophasesphenophases theythey conductconduct
theirtheir life life processesprocesses underunder differentdifferent meterologicalmeterological
conditionsconditions (1 (1 yearyear););



The The agrometeorologicalagrometeorological observationobservation
networknetwork

AgrometeorologicalAgrometeorological stationsstations areare listedlisted intointo threethree gropusgropus byby
thethe World World MeteorologicalMeteorological Organization:Organization:

1.1. Main Main agrometeorologicalagrometeorological stationstation
•• theythey performperform detaileddetailed and and simultaneoussimultaneous meteorologicalmeteorological andand

phenologicalphenological observationsobservations;;
•• theythey conductconduct agrometeorologicalagrometeorological researchesresearches ((observatoriesobservatories););

2.2. General General agrometeorologicalagrometeorological stationstation
•• theythey areare mostlymostly relatedrelated toto a a givengiven synopticsynoptic oror climateclimate stationstation

performingperforming specificallyspecifically taskstasks associatedassociated alsoalso withwith agriculturalagricultural
productionproduction. . InIn Hungary: Keszthely, Debrecen, MartonvHungary: Keszthely, Debrecen, Martonváássáár;r;

3.3. AdditionalAdditional agrometeorologicalagrometeorological stationstation
•• agriculturalagricultural observationsobservations areare onlyonly intermittentlyintermittently;;



PhenologicalPhenological observationsobservations
�� InIn Hungary Hungary therethere is an is an agrometeorologyagrometeorology relatedrelated stationstation typetype nonnon--

classifiedclassified byby WMO: WMO: phenologicalphenological stationstation. . TheyThey areare usedused toto trackingtracking
life life phenomenaphenomena of of thethe individualsindividuals ofof thethe naturalnatural ecosystemecosystem, , asas wellwell asas
toto recordrecord phenologicalphenological phasesphases ofof thethe growngrown economiceconomic plantsplants. . ItIt is is notnot
associatedassociated withwith observationsobservations of a of a meteorologicalmeteorological stationstation..

–– PhenologicalPhenological observationsobservations covercover thethe followingfollowing plantplant relatedrelated activitiesactivities
and main and main worksworks::

1.1. agriculturalagricultural worksworks, , e.ge.g. . sowingsowing, , harvestingharvesting;;
2.2. developmentdevelopment phasesphases of of cropcrop plantsplants, , e.ge.g. . emergenceemergence, , budbud

burstburst;;
3.3. conditioncondition of of thethe cropscrops, , e.ge.g. . weednessweedness, , thethe generalgeneral

conditioncondition;;
4.4. harmfulharmful phenomenaphenomena affectingaffecting cropcrop plantsplants, , e.ge.g. . plantplant

diseasesdiseases;;
5.5. thethe quantiyquantiy and and qualityquality of of cropscrops growinggrowing;;
6.6. otherother phenomenaphenomena relatedrelated toto cultivatedcultivated cropscrops, , e.ge.g. . hayhay, , 

mowingmowing;;
7.7. life life phenomenaphenomena of of wildwild plantsplants, , e.ge.g. . developmentdevelopment phasesphases

ofof treestrees, , shrubsshrubs and and herbaceousherbaceous plantsplants;;



FormsForms of of thethe phenologicalphenological monitoring monitoring 
networknetwork

•• CentralCentral phenologicalphenological monitoring monitoring networknetwork
–– operatesoperates withinwithin thethe meteorologicalmeteorological servicesservices of of eacheach

country;country;
–– itsits workwork is is basedbased onon centrally centrally issuedissued guidanceguidance; ; 

•• Rapid Rapid phenologicalphenological networknetwork
–– reportsreports areare fowardedfowarded byby telegram telegram oror telephonetelephone; ; 

•• SpecialSpecial phenologicalphenological monitoring monitoring networknetwork
–– a a systemsystem of monitoring of monitoring stationsstations workingworking withwith a more a more detaileddetailed

programmeprogramme;;



MeteorologicalMeteorological observationsobservations and and 
measurementsmeasurements

The most The most importantimportant factorsfactors concerningconcerning cropcrop
productionproduction::

•• solarsolar radiationradiation; ; 

•• air air temperaturetemperature; ; 

•• soilsoil temperaturetemperature; ; 

–– inin thethe upperupper layerslayers of of thethe soilsoil (2, 5, 10, 20 cm), 3 (2, 5, 10, 20 cm), 3 timestimes a a 
dayday;;

–– inin depthsdepths of 50, 100, 150 of 50, 100, 150 éés 200 cm, s 200 cm, onceonce a a dayday;;

•• precipitationprecipitation ((onceonce a a dayday, , inin thethe morningmorning); ); 



SpecialSpecial--purposepurpose meteorologicalmeteorological stationsstations I.I.



AGRAGR--100 100 automaticautomatic agrometeorologicalagrometeorological stationstation
((withwith AmarMetAmarMet//AgroMetAgroMet programmeprogramme))

http://www.gammatech.hu/php/showproduct.php?lang=hun&group=Custom&product

=agr



AgrometeorologicalAgrometeorological stationstation of of thethe Boreas Boreas companycompany

The PicoMet miniature station

measures air temperature, air

humidity, precipitation, leaf

covergae, sunshine duration and 

photosynthetically active radiation

(FAR).

old.agrarunio.hu/index.php?page=news_more&id=390



AgrometeorologicalAgrometeorological Research Research StationStation, Keszthely, Keszthely

In the foreground: automatic

monitoring station (QLC-50-

climate station), in the

background: the object of the

observations, i.e. vegetnale

plots; 



SpecialSpecial stationsstations

ThisThis is is thethe fourthfourth groupgroup accordingaccording toto thethe WMO standard WMO standard 
((nextnext toto thethe synopticsynoptic--, , climateclimate-- and and agrometeorologicalagrometeorological
stationsstations). ). TheyThey dodo notnot belongbelong toto thethe basicbasic montioringmontioring
systemsystem butbut theythey areare a a membermember of of thethe soso calledcalled groupgroup ofof
specialspecial--purposepurpose stationsstations. . DiversityDiversity is is emphasizedemphasized here here 
bothboth inin spacespace and and timetime!!

AerologicalAerological ((radiosonderadiosonde) ) stationsstations ((inin Budapest and Budapest and 
Szeged) Szeged) theythey getget upup toto thethe heightheight of 25of 25--30 km and 30 km and 
measuremeasure thethe verticalvertical characteristicscharacteristics of of thethe atmosphereatmosphere::

-- windwind measurementsmeasurements ((speedspeed and and directiondirection););

-- measurementmeasurement of of solarsolar radiationradiation;;



-- measuringmeasuring precipitationprecipitation pattrenspattrens, , radioactivityradioactivity, etc., etc.

WeatherWeather radar radar stationsstations inin Budapest Budapest –– Liszt Ferenc Liszt Ferenc 
Airport, SzentgotthAirport, Szentgottháárdrd--Farkasfa, PFarkasfa, Péécs, Pogcs, Pogáányvnyváár and r and 
NyNyííregyhregyhááza (Napkor); za (Napkor); geographicallygeographically theythey covercover thethe
wholewhole country. country. ByBy followingfollowing weatherweather processesprocesses theythey
performperform arealareal precipitationprecipitation measurementsmeasurements, , asas wellwell asas
thunderstormthunderstorm detectiondetection..

BesidesBesides radar radar stationsstations, , sodarsodar and and windprofilerwindprofiler stationsstations
alsoalso occuroccur..

SatelliteSatellite stationstation (Budapest) (Budapest) –– a a stationstation forfor receivingreceiving
satellitesatellite informationinformation..

StationsStations measuringmeasuring solarsolar radiationradiation –– measuringmeasuring alsoalso
radioactivityradioactivity (28 (28 stationsstations inin Hungary).Hungary).



StationsStations measuringmeasuring gamma gamma radiationradiation inin HungaryHungary



SpecialSpecial--purposepurpose meteorologicalmeteorological stationsstations II.        II.        
RepresentativityRepresentativity of of thethe measurementsmeasurements. . 

SynopticalSynoptical principleprinciple.                       .                       
TasksTasks ofof thethe observerobserver



BackgroundBackground pollutionpollution measuringmeasuring stationstation:: itsits profileprofile
maymay comprisecomprise measurementmeasurement of of atmosphericatmospheric carboncarbon
dioxidedioxide contentcontent, , thethe compositioncomposition oror rainwaterrainwater, and , and 
depositeddeposited dustdust and PMand PM1010..

-- tropospherictropospheric ozoneozone concentrationconcentration is is measuredmeasured inin
Hungary Hungary byby 6 6 backgroundbackground and 15 and 15 urbanurban stationsstations. . 

ConclusionsConclusions basedbased onon thethe measurementsmeasurements of of thethe 20022002--
2003 2003 yearyear::



1. The 1. The levellevel of of ozoneozone concentrationconcentration is is higherhigher onon averageaverage atat
thethe backgroundbackground stationsstations comparedcompared toto urbanurban stationsstations; ; 
howeverhowever, , extremelyextremely highhigh valuesvalues areare characteristiccharacteristic atat
local local stationsstations. . 

2. 2. OzoneOzone concentrationsconcentrations measuredmeasured atat backgroundbackground stationsstations
more more frequentlyfrequently exceedexceed thethe healthhealth thresholdthreshold asas thethe
measuredmeasured ozoneozone concentrationsconcentrations inin urbanurban centrescentres. . 

3. The 3. The highesthighest ozoneozone concentrationsconcentrations areare measuredmeasured atat local local 
stationsstations. . 

DuringDuring thethe twotwo yearsyears alarm alarm thresholdthreshold waswas measuredmeasured atat
local local stationsstations: : altogetheraltogether atat 3 3 stationsstations..



A felszíni ózon határérték túllépései (K-puszta)
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Threshold exceedances of the ground-level ozone concentrations



•• Data of Data of backgroundbackground pollutionpollution monitoring monitoring areare particularlyparticularly
suitablesuitable forfor detectingdetecting largelarge--scalescale processesprocesses. . TheseThese
stationsstations areare setset upup inin remoteremote areasareas of human of human activityactivity, , inin
orderorder toto filter out filter out thethe effecteffect of of nearbynearby anthropogenicanthropogenic air air 
pollutionpollution. . TheyThey havehave a a greatgreat rolerole inin thethe detectiondetection of of 
globalglobal and and regionalregional processesprocesses..

•• CurrentlyCurrently 4 4 backgroundbackground pollutionpollution monitoring monitoring 
stationsstations areare operatingoperating inin Hungary:Hungary:

-- KK--PusztaPuszta ((nearnear KecskemKecskeméét); t); 

-- Kunmadaras;Kunmadaras;

-- NyNyíírjesrjes;;

-- SzentgotthSzentgottháárdrd--Farkasfa;Farkasfa;



An An informationinformation tabletable indicatingindicating air air pollutionpollution

http://www.gammatech.hu/php/showproduct.php?lang=hun&group=Custom&produ

ct=hw6



RepresentativityRepresentativity of of thethe measurementsmeasurements –– scalingscaling ofof
atmosphericatmospheric processesprocesses

•• MicroscaleMicroscale measurementsmeasurements: < 100 m : < 100 m agrometeorologicalagrometeorological
observationsobservations ((evapotranspirationevapotranspiration););

•• LovcalLovcal measurementsmeasurements : 100 m : 100 m -- 3 km: air 3 km: air pollutionpollution
processesprocesses;;

•• MezoMezo--scalescale: 3 km : 3 km -- 100 km: 100 km: largelarge--scalescale thunderstormsthunderstorms; ; 

•• MacroMacro--scalescale: 100 km : 100 km -- 3000 km: 3000 km: weatherweather frontsfronts, , cyclonescyclones;;

•• PlanetaryPlanetary scalescale: < 3000 km: : < 3000 km: waveswaves of of thethe upperupper
tropospheretroposphere, , jetjet streamstream;;



Time of Time of thethe observationsobservations

•• AccordingAccording toto thethe principeprincipe of of synopticssynoptics, , simultaneitysimultaneity forfor
meteorologicalmeteorological observationsobservations is of is of particularparticular importanceimportance, , 
forfor whichwhich matchingmatching ofof timestimes is is essentialessential. . 

•• Time Time conceptsconcepts::

��Standard Time (Standard Time (GreenwichGreenwich MeanMean Time; GMT):Time; GMT):
medianmedian timetime of of thethe zerozero--degreedegree meridianmeridian;;

��Local Time:Local Time: medianmedian timetime of of thethe meridianmeridian ofof thethe givengiven
geographivalgeographival areaarea (Local (Local MeanMean Time; LMT);Time; LMT);

��ZonalZonal Time:Time: medianmedian timetime of of thethe meridiansmeridians locatedlocated inin
1515°° intervalsintervals fromfrom thethe center center meridianmeridian. . CentralCentral European European 
ZonalZonal Time is Time is oneone hourhour less less thanthan GMT.GMT.



ObservationsObservations occuroccur inin main and main and additionaladditional timetime..
Main Main termsterms::

00,00,0000; 06,00; 12,00; and 18,00 GMT; 06,00; 12,00; and 18,00 GMT

AdditionalAdditional termsterms:  :  

03,00; 09,00; 15,00; and 21,00 GMT.03,00; 09,00; 15,00; and 21,00 GMT.

InIn Hungary, Hungary, thesethese termsterms inin local local timetime areare asas followsfollows::

06,45; 12,45; 18,45 and 00,45. 06,45; 12,45; 18,45 and 00,45. 

NightNight valuesvalues –– afterafter midnightmidnight –– areare mostlymostly providedprovided fromfrom
stationstation recordsrecords..

The The measurementmeasurement of of precipitationprecipitation occursoccurs dailydaily, , atat 6,45, 6,45, 
and and relatesrelates toto thethe previousprevious dayday..



TasksTasks of of thethe observerobserver

��WorkersWorkers of of thethe meteorologicalmeteorological stationsstations areare calledcalled
observerobserver. . 

�� ForFor peformingpeforming thethe workwork techniciantechnician certificationcertification is is 
necessarynecessary. The . The trainingtraining is is coordinatedcoordinated byby thethe
meteorologicalmeteorological service, service, providingproviding curriculum and  curriculum and  
opportunitiesopportunities forfor consultationconsultation. . 

�� ThoseThose whowho workwork notnot atat main main stationsstations, , areare expectedexpected toto
makemake theirtheir ownown taskstasks professionallyprofessionally..



The The taskstasks forfor observersobservers workingworking atat meteorologicalmeteorological stationsstations::

-- TheyThey collectcollect informationinformation onon thethe weatherweather inin predefinedpredefined
termsterms. . 

-- TheyThey fix fix extraordinaryextraordinary eventsevents betweenbetween twotwo termsterms. . 

-- TheyThey makemake measurementsmeasurements and and observationsobservations accordingaccording toto
thethe regulationsregulations..

-- TheyThey shouldshould be be familiarfamiliar withwith thethe stationstation facilitiesfacilities. . TheyThey
shuldshuld bebe ableable toto passpass easiereasier errorserrors..

-- The The datadata shouldshould be be transmittedtransmitted toto thethe centre centre inin
compliencecomplience withwith thethe deadlinedeadline..

-- TheyThey shouldshould insureinsure an an assistantassistant whowho, , inin exceptionalexceptional
casescases, is , is ableable toto subscribesubscribe toto thethe newnew jobjob insteadinstead..

A part of A part of thethe qualityquality assuranceassurance is is thethe regularregular controlcontrol of of thethe
observersobservers byby thethe centre.centre.



WhyWhy agrometeorologyagrometeorology??

�� ClimateClimate is a is a naturalnatural conditioncondition;;

-- scopescope and and timetime of of plantsplants thatthat cancan be be growngrown;;

�� System of System of factorsfactors affectingaffecting agriculturalagricultural
productionproduction;;

-- waterwater, CO, CO22, , solarsolar radiationradiation……

areare thethe reasonsreasons of of annualannual cropcrop fluctuationsfluctuations; ; 

�� RiskRisk factorsfactors; ; 

weatherweather riskrisk factorsfactors = = yieldyield riskrisk factorsfactors;;



ClassificationClassification of of agrometeorologyagrometeorology

�� AgriculturalAgricultural micrometeorologymicrometeorology

((oror micrometeorologymicrometeorology) ) 

�� MezoclimatologyMezoclimatology::

�� MacroclimatologyMacroclimatology: : validvalid forfor severalseveral
hundredshundreds of kmof km22; ; 

www.images.google.com



PredictionPrediction –– forecastforecast and and thethe
preparingpreparing processprocess

�� PreparatoryPreparatory phasephase

-- DesignationDesignation of of thethe objectobject;;

-- SelectionSelection of of thethe methodologymethodology: : timetime is is 
determinantdeterminant; ; 

-- Design of Design of thethe databasedatabase;;

-- ProcessProcess management (management (datadata flow, flow, 
operationsoperations, , ……verificationverification););

-- ToolkitToolkit;;



�� OperativeOperative phasephase

-- Data management, Data management, codingcoding, , verificationverification, , datadata
restorationrestoration;;

CreatingCreating mapsmaps

-- AnalysisAnalysis –– contourscontours, , frontsfronts;;

PrinciplePrinciple of ANALOGY!!!of ANALOGY!!!

-- InterpretationInterpretation –– weatherweather contentcontent, , explanatoryexplanatory
text;text;



www.images.google.com



�� Service text + Service text + pictogrampictogram

�� VerificationVerification, %, , %, –– controlcontrol phasephase

made made subsequentlysubsequently;;

www.images.google.com



TypesTypes of of predictionspredictions

1.1. Ultra Ultra shortshort termterm:  :  ‹‹1212--hour;hour;

2.2. ShortShort--termterm:: 2424--4848--hour;hour;

3.3. MediumMedium--termterm:: 55--1010--day;day;

4.4. LongLong--termterm:: 1010--3030--day;day;

5.5. ClimateClimate:: >>3030--day;day;

6.6. SpeciificSpeciific predictionspredictions –– diversitydiversity;;

RescuesRescues, , agricultureagriculture, , waterwater management, etc.management, etc.



SpecialSpecial test test methodsmethods

•• Parallel Parallel observationsobservations;;

•• FieldField observationsobservations;;

•• PhytotronPhytotron;;

www.images.google.com



RemoteRemote sensingsensing

GettingGetting informationinformation;;

-- anyany distancedistance;;

-- withoutwithout touchingtouching;;

FieldsFields of of applicationapplication::

-- CropCrop estimationestimation (NDVI), (NDVI), cropcrop characteristicscharacteristics;;

-- SoilSoil conditioncondition estimateestimate;;

-- ConventionalConventional meteorologicalmeteorological estimationestimation, etc., etc.

((confoundingconfounding factorsfactors););

www.images.google.com



NDVI NDVI –– NormalisedNormalised VegetationVegetation IndexIndex

��BasedBased onon thethe measurementsmeasurements of of reflectedreflected

solarsolar radiationradiation

NDVI = (NIR NDVI = (NIR —— VIS)/(NIR + VIS)VIS)/(NIR + VIS)
WhereinWherein thethe visiblevisible lightlight: VIS: VIS

InfraredInfrared rangerange: IR: IR

ValueValue: [: [--1; 1]1; 1]

O: no O: no plantplant

1: 1: thickthick, , greengreen vegetationvegetation
((normalnormal, , healthyhealthy););

Zöld Száradó
www.images.google.com



Always look on the bright side
of things!

We finished for today, goodbye!



P P دLME FENO? داFAJ إHB اDEFGB اAB@?ق =دLME FENO? داFAJ إHB اDEFGB اAB@?ق =
اFRSTءاFRSTء!!

让我们总是从光明的一面来看待事

物吧！

今天的课程到此结束，谢谢！

ямарваа нэг зүйлийн гэгээлэг
талыг нь үргэлж олж харцгаая

өнөөдөртөө ингээд дуусгацгаая, баяртай

STم، وداZ[\ا ا]^\ S_[^`aاSTم، وداZ[\ا ا]^\ S_[^`aا!!


