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From 1931 till 1998, the average annual

temperature in £.6dz was 7.9°C. The highest 2

value of 9.6°C was recorded in 1989, whe- 20

reas the lowest — 6.0°C — in 1956. Usually, _ 15 N\,

—the highest temperatures are observed in &, / \ L
July, with the average value of 18.0°C. July o 10 / \\

of 1994, with the average of 21.5°C, was % 5

the hottest month, whereas July of 1979, E’_ 0 / / \\
with the average of only 14.6°C, was col- & J/ \ -
dest. However, the highest average tempe- ™~ -5

rature of 21.7°C in the above mentioned 10 _//

period was recorded in August of 1992.

January is usually the coldest month, with -15 s 3 4 5 6 7 8 o 10 11 1
the average temperature of —2.9°C. January month

of 1963, with 'the average of —11.8°C was g ig. 1. Mean annual course of temperature (black line) in £6dz in
the coldest period, whereas January of 197-  the years 1951-1990. Marked are the highest (red line) and the

5, with the average of 3.1°C was the war-  lowest (blue line) temperatures of each month in the 40-years’
mest one. The lowest average temperature ~ Period(Wibig, Fortunialk)

of —12.3°C was observed in February of

1956. The absolute minimum in £6dz was

recorded on 17th January, 1963, when the temperature dropped to —31.1°C, while the absolute maxi-
mum was on 29th August, 1992 with the temperature of 36.8°C.

The annual precipitation in £L.6dz is typical of the continental climate (fig. 2). Between 1951 and
1998, the month with the highest average precipitation was July, in which the highest overall monthly
precipitation was 86.4 mm. The lowest precipitation fell on February, when the monthly average was
only 27.9 mm. In the period under discussion, overall monthly precipitation exceeded 200 mm three
times (in July of 1957 — 258.1 mm, July of 1997 — 256.3 mm, and June of 1980 — 229.5 mm). The
driest months were: October of 1951, with the overall monthly precipitation of 0.5 mm, February
of 1976 (1.1 mm), and September of 1951 (3.2 mm). In L6dzZ, the frequency of days with precipitation
(fig. 3) ranges from 49.4% in August to 76.6% in February. Such days are recorded most often in the
period November — February, whereas late summer and early autumn (August-October) are much
drier periods. Daily precipitation of less than 1 mm occurs most often in winter (47.0% in February,
42.8% in January) and least often in summer (19.5% in July and 20.2% in August). Days with precipi-
tation between 1 and 10 mm are recorded more regularly throughout the year, however predominantly
in December (31.5%) and less frequently in October (20.1%). Days with precipitation above 10 mm
mainly occur during the summer season (8.3% in July, 6.8% in June and 6.3% in August) and rarely
in winter (0.8% in January and 0.9% in February).

The average annual precipitation between 1931-1998 was 560.6 mm. The highest was recorded
in 1931 — 780.6 mm, and the lowest in 1959 — only 363.9 mm. Precipitations in £6dZ during the sum-
mer half-year from May to October (average 354.6 mm) are usually higher than in the winter half-
year between November and April. The lowest precipitation of 193.2 mm was recorded in the summer
half-year of 1983, while the highest (551.7 mm) in the summer half-year of 1998. In the winter half-
year between November and April, the average precipitation reaches 210.1 mm, with the lowest
overall precipitation value recorded in the season of 1958/59 (120.9 mm) and the highest in 1937/38
(353.6 mm). The highest overall daily precipitations were observed in 1939 (103.5 mm), 1980
(99.8 mm) and 1957 (82.4 mm).
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Fig. 4. Frequency (in %) of winds from various directions and in various wind speed brackets — 1951-1990 — recorded at 7.00,
13.00 and 19.00 hours(Fortuniak, Wibig)

The characteristic feature of anemometric conditions in £.6dz is the predominance of winds from
the western sector (particularly W to SW) and from the eastern sector (E to SE). Figure 4 illustrates
the frequency (in %) of winds from each direction (wind roses) in breakdown into speed brackets,
recorded at three measurement times, i.e. at 7.00, 13.00 and 19.00 hours (an average for years
1951-1990). One essential feature of the wind conditions is their 24-hour variability. In particular,
characteristic is the increased frequency of winds with speeds over 5 m/s, and decreased number of
calms at the noon measurement time. At night, and at the morning and evening measurement times,
the number of calms and the percentage of winds with lower speeds increase. However, it must be
pointed out that the diagrams have been prepared based on the data recorded by a station located in an
open exurban area (Lublinek airport). Wind speeds are usually significantly reduced in the city.

The general cloud cover (clouds of all types and altitudes) measured on an 11-point scale indica-
tes a clear annual pattern reaching the maximum value in November and December, and the minimum
value in August and September (fig. 5). The cloud cover at noon is a little higher than the 24-hour
average, particularly in summer, which ensues from the daily course of convective cloudiness. A typi-
cal course of annual cloud cover is also reflected in the annual variability of the number of cloudy
days (i.e. cloud cover greater than or equal to 8 on the 11-point scale), with the maximum value in
winter November-January) and the minimum value in summer. The number of cloudless days during
the year is less varied, with slight rises in autumn and spring.
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tion spectrum there are
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ges - ultraviolet radiation
(<400 nm), visible radia-
tion (400-760 nm) and infra-red radiation (>760 nm). The annual course of solar radiation depends on
the height of the sun above the horizon which in £.6dz varies from 14.73° in December to 61.73° in
June. The highest solar radiation values recorded at the upper atmosphere boundary (51°45’ latitude)
are 1241.5 Wm™ (I) and 111.0 Wm™ (I,). The highest ten-minute value of the total radiation intensi-
ty (1095.0 Wm™) was recorded on 14 July, 1997, and of the UV radiation (42.4 Wm™) on 25 June,
1999, during the days with convective clouds (cumulus congestus). High solar radiation values result
from the so-called reflection effect, i.e. multiple reflection between the convective cloud base and the
Earth’s surface. The lowest values of both total and UV radiation intensity were recorded on 24 De-
cember, 1997 (I, =26 Wm?, Iy = 1.1 Wm™).
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Fig. 5. Annual cloud cover and the frequency of cloudy and cloudless days — in the
years 1951-1990 recorded at 7.00, 13.00 and 19.00 (Fortuniak, Wibig)
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Fig. 6. The annual course of the highest ten-minute total radiation intensity values (I;) and total ultraviolet radiation intensity
(Iyy) in £.6dZ (based on the data for period 1997-2000) (P o d stawczynsk a)

Local climatic diversification within the city is mainly caused by an increased absorption of solar
radiation by artificial surfaces (roofs, asphalt, pavements). One important factor is the decreased heat
loss through evaporation from urban surfaces, as compared to exurban areas, and the fact that the
walls of buildings store heat during the day and slowly radiate it during the night. Some important
causes of the ‘urban heat island’ include, e.g. the artificial heat that is released into the urban atmo-
sphere in effect of the use of the various forms of energy (heating, transport, electricity and technolo-
gical processes in the industry).

Map 1, map 2 present the anthropogenic heat emissions in £.6dz in January and July — calculations
based on the data for 1985. I, is worth pointing out that the amount of heat released into the atmosphe-
re as a result of human activity in winter is greater than the amount of solar radiation reaching the
active surface. The total emissions of anthropogenic heat in £6dz are comparable to those in other
large cities within the moderate climate zones in Europe and in America. In summer, the anthropoge-
nic heat factor has lower climatogenic effects.

Map 3 illustrates the spatial distribution of the urban wind resistance coefficient (permanent deve-
lopment) calculated for air flows along the east-west axis. The coefficient, expressed in length measu-
rement units (cm), is a measure of the aerodynamic resistance of urban buildings against the air flow
and is used for evaluating the influence of the surface on the nature of air flows on the ground level.
Generally, it can be said that central urban areas create a dense barrier that obstructs effective and
proper ventilation of the city. Some suburban districts of tower blocks, on the other hand, are often
exposed to excessively strong winds with unfavourable effects on human organism.

The most spectacular evidence of the peculiarity of the climate in £.6dz is the heat surplus in the
city, as compared to the exurban areas. On average, the urban heat island occurs during 75% of nights
in a year. Depending on the meteorological conditions, it can either have a ‘cellular’ (map 4) or exten-
sive form (map 5). The example of 5/6 February, 1996 illustrates the most intense form of the heat
island, when the temperature discrepancy between the city centre and the suburban fields near Kon-
stantynéw reached 12°C (in winter, with no wind or clouds). Only a few cities in the world have re-
corded temperature discrepancies this large.
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Fig. 7. Mean 24-hour temperature range within and outside the city on windless days with
clear skies (average values for 14 days selected from 1997-1999)
(Fortuniak,Ktysik)
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Fig. 8. Mean 24-hour relative humidity within and outside the city on windless days with
clear skies (average values for 14 days selected from 1997-1999) (Fortuniak,
Ktysik)

The urban heat island usually has an extensive form (with low wind speed up to 3—4 m/s) and its
intensity reaches 3—4°C (map 5 and fig. 7). The occurrence of a night heat island causes various con-
sequential effects, e.g. a much lower relative humidity in the city (fig. 8). Increased convection is ob-
served over the city during the day, a local urban-breeze may occur, as well as snow cover melts fa-
ster, etc. The urban heat also leads to the formation of specific bioclimatic conditions.

Bioclimatic conditions (felt climate) are usually described using various and complex indicators of
the influence of weather on human organism. A popular indicator of thermal perception is the equiva-
lent temperature, defined as the temperature that the air would have if at constant atmospheric pressu-
re the whole water vapour had condensed and the heat so released would warm up the dry air. Figure
9 presents the average course of the mean and the highest and the lowest annual equivalent temperatu-
re T, values as recorded at 13.00 hours in the centre of £.6dz in the period 1992-2000. The T, indica-
tor was calculated applying Prott’s equation T, = ¢ + 1.5se, where ¢ stands for the air temperature (°C)
and e for water vapour pressure (hPa). The wind chill factor (T, < 18°C) appears usually in the second
third of November and lasts until the first third of April. Between 1992 and 2000, the T, indicator
values corresponding to the wind chill temperature appeared at the beginning of October and lasted
until May. Comfortable temperature conditions (32°C < T, < 44°C) usually last from May to mid-
September. Increased humidity (T, > 56°C) occurs quite rarely and such days are usually observed
between May and the end of August. The greatest fluctuations of equivalent temperature, reaching
44°C, are typical of June and November, whereas the lowest, only 33°C, occur in July.
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Fig. 9. Annual course of equivalent temperature T, [°C] at 13.00 hours at the Meteorological Station
inbtodz—1992-2000(Podstawczynska, Ktysik)

Air pollution in the city has adverse effects on the living conditions. Its high concentrations cause
respiratory system difficulties, especially in senior citizens and children. Currently, the highest pollu-
tion values in £.6dz are more often caused by numerous low-level pollution sources rather than large
industrial emitters.In busy streets, exhaust emissions add up.

The highest pollution concentrations have always been observed in the city centre, with the annual
values of 83 pg SO,/m’ (1984), and 128 pg of dust/m’ (1985), whereas the current admissible pollu-
tion concentration levels are 40 and 50 pg/m’, respectively (map 6, map 7). In 2000, these values
dropped to 15 pg SO,/m’ and 59 pg of dust/m’ (as shown in maps 8 and 9). Farther from the city cen-
tre, the pollution concentration levels go down to 4-6 pg SO,/m® and 8 pg of dust/m’. The NO, con-
centration levels do not exceed (apart from the main streets) the admissible daily norm (D,4 = 150 pg/
m’), and recently even the annual norm Da = 40 pg/m’ (map 10). The emission measurements carried
out for over thirty years by the Environmental Health Department in £.6dz and the Environment Pro-
tection Inspectorate, as well as some industrial plants, well document the decrease in sulphur dioxide
concentrations (fig. 10). Observed are clear annual and daily (or even weekly) courses of the occur-
rence of 30-minute NO, and CO concentrations, with the highest concentration values occurring du-
ring the morning rush hours and after sunset (fig. 11, fig. 12). Sulphur dioxide and suspended dust
concentrations (with standard grain coarseness below 10 um) also showed daily variability relative to
fuels (mainly hard coal) combustion for heating purposes (fig. 13). One may conclude (fig. 14) that
the decrease in the level of sulphur dioxide emissions, particularly noticeable in the last 10 years, is
accompanied by increased exhaust emissions. Given the insufficient ventilation in the narrow streets
of L.odz, the problem is aggravating.
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Fig. 10 Mean annual SO, concentration levels between 1971 and 2000 at the measurement stations
of the Wojewodzka Stacja Sanitarno-Epidemiologiczna — WSSE  (Environmental Health Department)
at Zachodnia St. 81 and the Wojewodzki Inspektorat Ochrony Srodowiska — WIOS (Environmental Protection
Inspectorate) at £.odz-Fabryczna railway station(R e mbows ki, Fokczynski
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Fig. 11 Mean NO, concentration levels (from WIOS S60) as per days of the week
and time of the day in the half-year from Nov 1998 to Apr 1999, between 120—179
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Fig. 12 Mean annual suspended dust concentration levels in period 1971-2000 at
the Wojewodzka Stacja Sanitarno-Epidemiologiczna — WSSE (Environmental Heal-
th Department) measuring station, 81 Zachodnia Street, and the Wojewodzki
Inspektorat Ochrony Srodowiska — WIOS (Environmental Protection Inspectorate)

station by £.odz-Fabryczna railway station
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Fig. 13 Mean SO, concentration levels as per days of the week and time of the day

in the half-year from Nov 1998 to Apr 1999 in £6dz city centre
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Fig. 14 Long-term course of sulphur dioxide emissions to air in £6dz (selected me-

asuring stations) (Fortuniak Ktysik)




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



