
TEMPORAL AND SPATIAL CHANGES OF TEMPORAL AND SPATIAL CHANGES OF 
CLIMATE ELEMENTS IN HUNGARYCLIMATE ELEMENTS IN HUNGARY

TEMPERATURETEMPERATURE



�� ClimatologicalClimatological studiesstudies, 3rd , 3rd centurycentury BC:BC:

�� CeremonyCeremony ReportsReports; (; (phenologicalphenological observationsobservations))
�� BookBook of of ZhouZhou--dinastydinasty;;
�� BookBook of of HuajHuaj NanNan--TzuTzu;;
�� Spring and Spring and autumnautumn yearbooksyearbooks of of LuLu;; ((agriculturalagricultural calendarcalendar))
→→ 1 1 yearyear = 12 = 12 moonmoon monthsmonths = 24 = 24 chichi ((twotwo--weeklyweekly periodperiod); ); 
preparedprepared specificallyspecifically forfor provincesprovinces of of HonanHonan and and ShanxiShanxi;;

�� ClimatologicalClimatological studiesstudies, 2nd, 2nd--3rd 3rd centurycentury AD                     AD                     

((HanHan--dinastydinasty))

�� ReportsReports onon FolkFolk traditionstraditions and and customscustoms;;
�� NotesNotes onon spacesspaces and and roomsrooms;;
�� The The firstfirst descriptiondescription onon monsoonmonsoon climateclimate

((EastEast--ChinaChina: : nonnon--trpoicaltrpoical monsoonmonsoon))



Spring and Spring and autumnautumn yearbooksyearbooks of of LuLu –– 24 24 chichi 
Serial 

no. 
Chinese name English equivalent Starting time 

  1. Li Chun Beginning of spring Feb 4-5. 
  2. Jü Suj Spring rains Feb 19-20. 
  3. Ching Chö Awakening of insects Mar 6-7. 
  4. Chun Fen Spring equinox Mar 21-22. 
  5. Ching Ming Clear and bright (sunshien and clear skies) Apr 5-6. 
  6. Ku Jü Dust-rain (April spring) Apr 20-21. 
  7. Li Hsia Beginning of summer May 6-7. 
  8. Hsaio Man Grain is swelling  May 21-22. 
  9. Mang Chung  Leaping to spike Jun 6-7.  
10. Hsiao Chö Summer solstice Jun 21-22. 
11. Hsiao Zhö Less warm Jul 7-8. 
12. Ta zhö Heat wave Jul 23-24. 
13. Li Chiu Beginning of autumn Aug 8-9. 
14. Chu Zhö End of the heat Aug 23-24. 
15. Paj Lu White dew (hoar) Sep 8-9. 
16. Chiu Fen Autumn equinox Sep 23-24. 
17. Han Lu Cold dew (rime) Oct 8-9. 
18. Suang Chiang freeze Oct 24. 
19. Li Tung Beginning of winter Nov 7-8. 
20. Hsiao Hsüe kisebb havazás (hószállingózás) Nov 22-23. 
21. Ta Hsüe Heavy snowfall Dec 7-8. 
22. Tung Chö Winter solstice Dec 23-24. 
23. Hsia Han Less cold Jan 5-6. 
24. Ta Han Very cold Jan 20-21. 

 



SOIL TEMPERATURESOIL TEMPERATURE

�� The The importanceimportance of of soilsoil inin influencinginfluencing air air temperaturetemperature is is decisivedecisive: : 
longlong--wavewave radiationradiation of of thethe warmingwarming soilsoil thatthat absorbsabsorbs solarsolar radiationradiation
heatsheats thethe air air asas wellwell..

�� SoilSoil temperaturetemperature cancan onlyonly be be mappedmapped onon microclimaticmicroclimatic levellevel, , sincesince itit
is is tootoo patchypatchy. . RegionalRegional differencesdifferences happenhappen inin accordanceaccordance withwith thethe
varietyvariety of of thethe soilsoil typestypes..

�� TemporalTemporal dynamicsdynamics of of thethe soilsoil temperaturetemperature is is thethe samesame inin differentdifferent
areasareas of of thethe country.country.

�� Daily Daily coursecourse of of thethe temperaturetemperature cancan be be detecteddetected onlyonly atat thethe top 1 m top 1 m 
soilsoil levellevel. . 



�� OnOn thethe surfacesurface, , thethe maximum is maximum is atat 14 14 oo’’clockclock, , whilewhile thethe minimum is minimum is 
atat dawndawn. The maximum . The maximum maymay exceedexceed eveneven thethe air air temperaturetemperature. . 

�� The The dailydaily pendulumpendulum atat 50 cm 50 cm depthdepth is is <<11°°C, C, whilewhile atat 1 m 1 m itit is is muchmuch
smallersmaller..

�� The maximum The maximum atat 50 cm 50 cm depthdepth occursoccurs inin thethe eveningevening, , whilewhile thethe
minimum minimum atat noonnoon, , duedue toto thethe slowslow heatheat transfertransfer of of thethe soilsoil..

�� InIn thethe annualannual coursecourse of of thethe soilsoil temperaturetemperature therethere is a is a substantialsubstantial
differencedifference betweenbetween thethe topsoiltopsoil (0(0--50 cm) and 50 cm) and thethe deeperdeeper soilsoil levelslevels..

�� InIn thethe topsoiltopsoil thethe maximum maximum temperaturetemperature occursoccurs inin JulyJuly, , whilewhile thethe
minimum minimum inin FebruaryFebruary; ; thethe phasephase leg is leg is minimalminimal..

�� InIn thethe levellevel of 100of 100--200 cm, 200 cm, thethe maximum maximum temperaturetemperature happenshappens inin
August. The minimum August. The minimum temperaturetemperature atat 100 cm 100 cm occursoccurs inin FebruaryFebruary, , 
whilewhile atat 200 cm 200 cm inin MarchMarch. The shift . The shift inin thisthis latterlatter casecase reachesreaches ~~1 1 
monthmonth..



�� InIn africulturalafricultural / / ecologicalecological pointpoint of of viewview, , thethe heatheat storagestorage ofof thethe soilsoil is is 
importantimportant. . DueDue toto itsits heatheat contentcontent, , thethe soilsoil slowlyslowly butbut effectivelyeffectively
compensatescompensates autumnautumn coolingcooling..

�� FromFrom August August toto MarchMarch, , eacheach soilsoil layerlayer is is warmerwarmer thanthan thethe air. air. 

�� FromFrom MarchMarch thethe subsoilsubsoil is is significantlysignificantly coldercolder, , whilewhile thethe topsoiltopsoil getsgets
warmerwarmer thanthan thethe air.air.

Mean monthly and annual averages of the soil temperature
(°C), Debrecen, 1952-1960



Mean annual course of the soil temperature in different depths, 
sand soil, Kecskemét



Daily course of warming of different soil types :

sand

loess

peat

clay

In case of equal weight, warming
depends on heat capacity
(density * specific heat)

The temperature difference between
the surface and the layer deeper by
5 cm depends on the heat-conductivity. 
The larger the difference, the
smaller the heat conductivity. 
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Heat budget of the surface

felszíni réteg (talaj vagy víz)

szenzibilis 
h áramő

látens
h áramő

hosszúhullámú
    kisugárzás

hõ- és nedvesség-
         áram

rövidhullámú 
besugárzás

10051,30.02air

183415000.06dry meadow soil

335015000.84wet meadow soil

183413001.26humusz

83714000.17dry sand

125016001.68wet sand

21354000.29old snow

21351000.08fresh snow

21359002.30ice

418710000.63water

83726004.61granite

specific heat
(J/kg/K)

density
(kg/m3)

heat conductivity
(J/m/K/s)

material

∆∆Q = cQ = c⋅⋅mm⋅⋅∆∆TT

SpecificSpecific heatheat

HeatHeat capacitycapacity

heat and moisture flow
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heat flow
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solar radiation
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AIR TEMPERATUREAIR TEMPERATURE

�� Air Air temperaturetemperature is is oneone of of thethe most most basicbasic and most and most importantimportant climaticclimatic
elementselements. . 

�� ItsIts actualactual valuevalue assumesassumes thethe complexitycomplexity of of radiationradiation and and surfacesurface effectseffects. . 
ItIt characterizescharacterizes thethe heatheat balancebalance..

�� ItsIts valuevalue is of is of basicbasic importanceimportance inin agriculturalagricultural, , ecologicalecological and human and human 
bioclimatologicalbioclimatological pointspoints of of viewview..



Annnual curse of air temperature over continents and ocenas:
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Areal distribution of annual mean temperature (°C) in Hungary



�� OnOn thethe map of map of thethe meanmean annualannual temperaturetemperature wewe cancan establishestablish thatthat
a 3a 3°° NN--S S rangerange correspondscorresponds toto aroundaround 33°°C C differencedifference inin meanmean
annualannual temperaturetemperature..

�� The The isothermsisotherms show no show no regularregular NN--S S arrangementarrangement: : mediummedium--rangerange
mountainsmountains inin Hungary Hungary appearappear asas coldcold islandsislands withwith theirtheir 66--77°°C C 
(K(Kéékes, 5kes, 5°°C) C) meanmean annualannual temperaturestemperatures..

�� WarmestWarmest is is thethe SothSoth--easteast AlfAlfööld (ld (>>1111°°C).C).

�� UntilUntil 200 m 200 m heightheight aboveabove seasea levellevel 1010--1111°°C is C is characteristiccharacteristic forfor thethe
major major areaarea of Hungary. of Hungary. ExceptionsExceptions areare: Ny: Nyíírsrséég, Szatmg, Szatmáárr--Bereg, Bereg, 
BodrogkBodrogkööz. z. 

�� InIn thethe meanmean annualannual temperaturetemperature eveneven a 6a 6°°C C differencedifference maymay alsoalso
occuroccur fromfrom oneone yearyear toto anotheranother; hence ; hence thisthis climateclimate elementelement has a has a 
greatgreat variabilityvariability..



Mean annual temperature



DistributionDistribution of of meanmean monthlymonthly temperaturetemperature inin thethe CarpathianCarpathian basinbasin::

t = A⋅φ + B⋅λ +C⋅z + D

MeanMean annualannual temperaturetemperature pendulumpendulum::

t = (AJul-AJan)⋅φ + (BJul-BJan)⋅λ +(CJul-CJan)⋅z + (DJul-DJan)



The The weightweight of of thethe continentalcontinental and and oceanicoceanic influencesinfluences inin
thethe distributiondistribution of of temperaturetemperature: : 

winter summer



Climate of the Carpathian basin

Mean annual temperature



Areal distribution of the January mean temperature (°C)     
in Hungary



Climate of the Carpathian basin

January mean temperature

Average for meany years, °C

January mean temperature

Absolute minimum 
temperature: -34.1°C;            

Baja, Jan 24, 1942



�� Winter and Winter and summersummer halfhalf--yearyear temperaturestemperatures show show substantialsubstantial
differencesdifferences. . 

�� ColdestColdest monthmonth inin Hungary is Hungary is JanuaryJanuary. . ItsIts meanmean temtempperatureerature isis
betweenbetween --44°°C and 0C and 0°°C C onon averageaverage..

�� TemperatureTemperature is most is most influencedinfluenced byby thethe nearbynearby air air prressureprressure actionaction
centrescentres..

�� ColdestColdest areaarea is is NENE--AlfAlfööldld ((SiberianSiberian maximum).maximum).

�� ForFor thethe areaarea of Nyof Nyíírsrséég, g, thethe proximityproximity of Kof Káárprpáátalja talja regionregion is an is an 
importantimportant aspectaspect, , whilewhile forfor SzatmSzatmáárr--Beregi Beregi PlainPlain, and Takta, and Takta-- and and 
BodrogkBodrogkööz z areasareas areare soso calledcalled „„freezefreeze cornerscorners””. . 

�� MildestMildest areaarea is is SWSW--DunDunáántntúúll ((GenoaGenoa cyclonescyclones).).

�� The The meanmean temperaturetemperature inin JanuaryJanuary is is betweenbetween --9 and 9 and --1111°°C, C, asas wellwell
asas betweenbetween +5 and +6+5 and +6°°C, C, wherewhere thethe extremeextreme valuesvalues areare
characteristicscharacteristics meanmean temperaturestemperatures of of FinlandFinland and and thethe Italian Italian RivieraRiviera..



Areal distribution of the July mean temperature (°C) in Hungary



July mean temperature July mean temperature

Average for meany years, °C

Absolute maximum 
temperature: +42.0°C;            

Békéscsaba, Aug 20, 2000



�� The The hottesthottest monthmonth inin Hungary is Hungary is JulyJuly..

�� MeanMean JulyJuly temperaturetemperature increasesincreases fromfrom 1919°°C C toto aboveabove 2222°°C C fromfrom
southsouth toto northnorth, and , and fromfrom southsouth toto easteast andand westwest toto easteast. . 

�� InIn DunDunáántntúúl l areaarea ratherrather thethe changechange fromfrom westwest toto easteast is is 
characteristicscharacteristics, , duedue toto thethe oceanicoceanic--continentalcontinental transitiontransition..

�� InIn AlfAlfööld, ld, concentricconcentric isothermsisotherms occuroccur resultingresulting fromfrom thethe basinbasin
charactercharacter..

�� ThisThis is is thethe resultresult of of thethe coolcool oceanicoceanic air air currentscurrents comingcoming fromfrom northnorth--
westwest ((IcelandicIcelandic minimum minimum –– coolcool and and rainyrainy summersummer) ) andand thethe warmwarm
continentalcontinental andand MediterraneanMediterranean air air currentscurrents comingcoming fromfrom southsouth--easteast
((AzoresAzores maximum maximum –– hot, hot, drydry summersummer).).



January

July



MeanMean temperaturetemperature of of thethe winterwinter-- and and summersummer halfhalf--yearyear

Summer half-year

Winter half-year



Mean annual temperature pendulum (°C) in Hungary



�� MeanMean annualannual temperaturetemperature pendulumpendulum is an is an importantimportant featurefeature of a of a 
givengiven climateclimate areaarea. . ThisThis meansmeans thethe meanmean temperaturetemperature differencedifference
betweenbetween JanuaryJanuary and and JulyJuly..

�� The The extentextent of of pendulumpendulum increasesincreases withwith thethe increasingincreasing effecteffect ofof
pendulumpendulum, , namelynamely itit is is suitablesuitable forfor expressdingexpressding thethe degreedegree of of 
continentalitycontinentality..

�� ItsIts valuevalue increasesincreases parallel parallel withwith thethe increasingincreasing continentalitycontinentality and and 
towardstowards thethe centre of centre of thethe basinbasin. . 

�� Is minimum Is minimum occursoccurs atat SWSW--DunDunáántntúúll areaarea withwith 2121°°CC--2222°°C. C. 
�� ItsIts valuevalue atat thethe most part of Alfmost part of Alfööld and ld and thethe MezMezőőffööld ld areaarea is 23is 23°°CC--

2424°°C.C.
�� ItsIts maximum maximum happenshappens atat thethe areaarea of Nagykunsof Nagykunsáágg--HortobHortobáágy gy withwith

24.524.5°°C.C.
�� InIn thethe mountainousmountainous areasareas, , withwith increasingincreasing heightheight, , thethe pendulumpendulum

decreasesdecreases. . AtAt thethe heightheight of 5of 5--600 m 600 m itsits valuevalue is 20is 20--2121°°C, C, whilewhile
aboveabove 700 m 700 m heightheight itit is less is less thanthan 2020°°C.C.



�� MeanMean dailydaily pendulumpendulum of of temeparturetemeparture is is alsoalso an an importantimportant parameterparameter..

�� ItsIts minimum minimum valuevalue occursoccurs inin thethe shortshort--dayday cloudycloudy December December (4(4--66°°C). C). 

�� ItsIts highesthighest valuevalue happenshappens inin thethe longlong--dayday summersummer monthsmonths (11(11--1313°°C).C).

Daily mean maximum (a) and minimum (b) air temperature and 
the daily mean pendulum, °C, 1901-1950



�� TenperatureTenperature conditionsconditions of of thethe mountainousmountainous regionsregions inin Hungary Hungary 
substantiallysubstantially differdiffer fromfrom thosethose of of plainplain areasareas. . 

�� The The verticalvertical temperaturetemperature gradientgradient, , caharacterizingcaharacterizing altitudinalaltitudinal
changeschanges of of temperaturetemperature, , showsshows minor minor differencesdifferences mountain mountain byby
mountainmountain, , duedue toto thethe differentdifferent locationlocation and and topographytopography..

�� SeasonalSeasonal variationsvariations areare greatergreater, , thatthat occuroccur duedue toto thethe frequentfrequent
inversioninversion situationssituations inin thethe winterwinter halfhalf--yearyear..

Mountain Winter Spring Summer Autumn



Mean annual minimum temperature (°C) in Hungary



�� The The meanmean annualannual minimum minimum temperaturetemperature isbetweenisbetween --1515°°C and C and --2020°°CC. . 
The The groundground--levellevel radiationradiation minimum minimum temperaturetemperature maymay be be smallersmaller byby
22--3 (3 (inin extremeextreme casescases byby 44--5)5)°°C C comparedcompared toto thethe standard standard valuesvalues
measuredmeasured atat 2 m 2 m heightheight..

�� ThisThis is an is an importantimportant parameterparameter forfor agricultureagriculture, , inin termsterms of of 
overwinteringoverwintering ofof thethe autumnautumn sowingssowings..

�� InIn mildmild winterswinters itsits valuevalue is is betweenbetween --8 and 8 and --1010°°C, C, whilewhile inin grimgrim
winterswinters itsits valuevalue is is betweenbetween --25 and 25 and --3030°°C.C.

�� AbsoluteAbsolute minimum minimum temperaturetemperature ((--3535°°C) C) waswas measuredmeasured atat
GGöörröömbmböölytapolclytapolcáánn ((todaytoday Miskolctapolca) Miskolctapolca) onon FberuaryFberuary 16, 1940.16, 1940.

�� AtAt DunDunáántntúúl l areaarea EE--W, W, whilewhile atat AlfAlfööld ld basinbasin--likelike featurefeature of of 
temperaturetemperature distributiondistribution is is characteristiccharacteristic, , asas a a resultresult of a of a weakeningweakening
oceanicoceanic effecteffect and and basinbasin locationlocation fromfrom westwest toto easteast..



Mean annual maximum temperature (°C) in Hungary



�� The The strongeststrongest annualannual warmingwarming ((meanmean annualannual maximum) maximum) maymay reachreach upup
toto 3636°°C C atat thethe southsouth--easteast part of part of thethe country and country and itsits valuevalue is is 
decreasingdecreasing fromfrom here here towardstowards northnorth and and westwest, , reachingreaching 3232--3333°°C.C.

�� Cooler Cooler yearsyears thethe largestlargest warmingwarming is is aboutabout 3030°°C, C, whilewhile inin warmerwarmer yearsyears
itit maymay exceedexceed a 40a 40°°C.C.

�� AbsoluteAbsolute maximum: August 20, 2000, Bmaximum: August 20, 2000, Béékkééscsaba, 42.0scsaba, 42.0°°C.C.

�� InIn thisthis wayway, , absoluteabsolute pendulumpendulum of of temperaturetemperature inin Hungary Hungary reachesreaches
77.077.0°°C, C, whichwhich is is threethree--quarterquarter of of thethe valuevalue characteristiccharacteristic forfor extremelyextremely
continentalcontinental subarcticsubarctic areasareas..



�� ImportantImportant parametersparameters toto characterizecharacterize thethe climateclimate areare summersummer and and 
winterwinter thresholdthreshold daysdays, , amongamong whichwhich thethe numbernumber of of frostfrost daysdays, , 
winterwinter daysdays and and summersummer daysdays areare of of greatgreat significancesignificance..

�� The The numbernumber of of winterwinter thresholdthreshold daysdays areare increasingincreasing fromfrom southsouth--
westwest towardstowards northnorth--easteast..

�� The The numbernumber of of summersummer thresholdthreshold daysdays areare increasingincreasing fromfrom westwest and and 
easteast towardstowards southsouth--easteast, , inin accordanceaccordance withwith thethe oceanicoceanic--continentalcontinental
transitiontransition. . TheirTheir numbernumber is is decreasingdecreasing withwith thethe increasingincreasing heigheightht
aboveabove seasea levellevel..

Spec. Temp. days

grim

winter

frost

summer

heat

hot



Average number of frost days in Hungary



Average number of winter days in Hungary



Average number of summer days in Hungary



Always look on the bright side
of things!

We finished for today, goodbye!



دERSK LKTU داLGP إNH اJKLMH اEFGHق دERSK LKTU داLGP إNH اJKLMH اEFGHق 
W W مم ا]LYZءا]LYZء!!

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

!!ودا-"ودا-"  ا($وم،ا($وم،  (%ذا(%ذا  ا#&%$#"ا#&%$#"


