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Introduction, objectives

In our days more than 6.6 billion people live irsttvorld and half of them are city dwel-
lers. The urban population of the world is growfagter than the full population, thus on a
world-wide scale (in Hungary too) more and moregbedive in an urban environment.

Urban environments differ significantly from thersaunding natural lands, because they
have different surface geometry, material- andcamposition, and the anthropogenic heat
emission also affects them. This leads to a localesalteration of climate: e.g. the formation
of the urban heat island (UHI). This is a positikermal alteration, namely that the town is
usually warmer than its surroundings.

The alteration of the climate changes the comfiodt lzealth of city dwellers and the phe-
nologic phases of the vegetation. In addition & Baonomical influence, since in winter less
energy is needed for the heating, while in the semmmore for the cooling. Thus in our days
this phenomenon is a significant issue, which erfices the lives of many people. Thus in
order to moderate the effects of climate change,nleasurement, investigation, within this
the modeling and prognosis, as well as the devetopraf architectural processes are very
important.

The aim of my study is to create a multiple-par@netodel based on easily accessible
and producible input data for the approximatiorthad spatial distribution of the mean heat
island using temperature and surface coverageo&@aeged and Debrecen. A further aim is
to extend the general model to other, differenedisettlements having similar climatic and
geographic conditions but no temperature measuresnagailable.

In order to achieve this, the following steps ageded:

1. To analyze the connection between the surface paessnand UHI.

2. To create parameters which give information abbathuilt-up ratio of an area
(or its surroundings) and about its location intihen.

3. To develop a multiple-parameter model for the apjpnation of the spatial dis-
tribution of the mean heat island based on data feaeged and Debrecen.

4. To examine the reliability of the model and to deti@e the validity of the model.

5. To validate the model on databases which are indkpe from the data of
Szeged and Debrecen, using data from settlements sivnilar environmental
conditions.

6. To extend the model to different-sized settlemdraging similar climatic and
geographic conditions but no temperature measurenagailable.



Study Areas

The next towns were examined: Arad, Békéscsabaredeb, Hajduboszérmeény, Ha-
jdudorog, Hajdunanas, Hodmieasarhely, Karcag, Kecskemét, Maké, Oroshaza, Szage
Temesvar. For the creation of the model SzegedDatitecen are used, for the validation
data from Hajdubdszérmény, Hajdudorog and Hajdimamné used while the other cities are
needed for the extension of the model.

All the investigated cities are situated on thedklf(Great Hungarian Plain). The area of
the Plain is about 100 000 kmAccording to Trewartha’s climate classificatidghe whole
plain belongs to the climatic type D.1 (continerdiahate with longer warm season).

Debrecen is the second biggest town in Hungary (@DLinhabitants). 170 000 people
live in Szeged. Both cities are important educatipaultural and business centers. The struc-
ture of Debrecen is lop-sided, Szeged has oneecantt an avenue-boulevard system, and the
river Tisza flows across the city.

Hajduboszérmény, Hajdunanas and Hajdudorog aratedunear Debrecen, so they have
similar topography and climate, but they are smahan Debrecen (about 30 000, 20 000,
10 000 inhabitants. These towns both have avenulederd systems.

Populations of Arad, Békéscsaba, Hodtwesarhely, Karcag, Kecskemét, Makd, Oros-
hadza and Temesvar are between 22 000 and 308 000.

The multiple-parameter model and its elements cftdbution of UHI intensity

Determination of the dependent variable of modelHUintensity

The temperature data collection described below egased out within the scope of a
bigger urban climate project, which has been igpss in the Department of Climatology
and Landscape Ecology of the University of Szegadykars. | myself had a part in this
project.

For the information on the UHI intensity (as a degent variable) and its pattern, tem-
perature data were collected by mobile measurenmenBzeged and Debrecen. The study
areas were divided into 500 m x 500 m cells. Thelysareas consist of 107 (25.75%rand
105 cells (26 k) in Szeged and in Debrecebnger et al.,1999; Szegedi and Kircsi,
2003b), respectively. They cover the inner and gadou parts of the towns. In both towns one
rural cell was used as a reference area for thgpaoson of temperature data (labeled R).

The required data were collected with cars on assigoutes, in two, one-year-long pe-
riods in Szeged (March 1999 — February 2000, ApoiD2 — March 2003)Unger et al.,
2001a;Sumeghy and Unge?2003a) and in a one-year-long period in Debreégmil( 2002 -
March 2003) $zegedi and Kircs003b). In the study areas the representative deatyre
pattern derives from the measurements, which tdakepevery 10th days. This means the



measurements were taken 29 times in Szeged an@&@bat the same time. The three-hour
measurements were carried out under all weathedittmms except rain. Based on expe-
riences from previous studies the data collectamk tplace at the expected time of the daily
maximum development of the UHI, at 4 hours aftenseti Boruzs és Nagyl1999; Oke
1981). In the hours after sunset the linear chafigemperature was applied to the calculation
of the measured dat®ke and Maxwell1975).

Having averaged the temperature values by celjgssadents to a reference time (4 hours
after sunset) were applied. The absolute UHI valnasely maximum temperature differ-
ence between the city and its surroundift@)( can be determined by cells as followm§er
et al.,2001a):

AT = Teen — Teen r)(°C)

where Tei = (average) temperature of an urban cellyd)= (average) temperature of the
rural cell. Annual meanTs were determined by averaging thE values of the 29 measure-
ments by cells.

In Szeged the measured annual mean maximum UHisityewas 3.0 °CSimeghy and
Unger,2003a), in Debrecen it was 2.4 °8zgégedi and KircsR003b). In Szeged the largest
heat island intensity was near 7 °C (6.8 °C), it@een about 6 °C (5.8 °C). In Szeged the
biggest temperature difference between the cityismslirroundings was measured in an early
spring day (24 March 2003), in Debrecen it wasmmiddle of summer (15 July 2002).

In Szeged the structure of the heat island is ratbiecentric, but in Debrecen it is not so
regular. The difference derives from the differsintictures of the two cities.

Determination of the independent variables of model

UHI intensity and its pattern are influenced mostjythe covered surface of the city. A
simple, visual description of the urban surfacgiv@n by thebuilt-up ratio (B or By). For a
given cell it shows the percentage of the builtarpas (streets, pavements, parking lots,
building roofs, etc.) compared to the area of thebe cell. This parameter was determined by
the assessment of the Normalized Vegetation INnNEX/{) on LANDSAT satellite images.

It is important to consider the built-up conditicer®und the cells, because the wider sur-
roundings can influence the temperature of a goadh In order to take the effect of the sur-
roundings into account, | introduced ttherived variables;, B, (concentric areal extensions
around the cells) calculated from the built-upads.

Furthermore, it is important to know the distanta given cell from the city boundary.
The distancecan be regarded as a parameter that charactéhigdscation of an area (or
point) inside the city. Comparing areas with thensabuilding structure and design in the
suburbs and in the centre, we find a redut&dn the suburbs compared to that in the centre.



Summary of the results in theses

1.1 analyzed the distribution of the variables,the data of théT, By, Bi, By, D va-
riables can be approximated with a normal distrdsut The Kolmogorov-Smirnov test ac-
cepted the hypothesis concerning normality in afles at the 95% confidence level. Thus, the
connection between the surface parameters/@hdan be best described as linear. The
strength of the linear relationship was supportedhe large values of the coefficient of de-
termination.

2. In order to take into account the roles of theatise (D) and the above mentioned sur-
face parameters (Band its areal extensions,B;), | created new combined urban para-
meters (By', B1', B2'), multiplying (or weighing) the surface parametday the logarithm of
distance of each cell.

3. Then | quantified the connection between the coetbiarban surface parameters and
the annual mean UHI intensity. Based on data fraeg&d and Debreceh¢reated a gener-
al multiple-parameter model which gives an estimation of the meAm patterns in other
settlements situated on a plain with no temperatugasurements available. The elements of
my multiple-parameter model are the following:

- AT, as a variable (°C),

- By, By, B2, as invariable parameters (‘dimensionless’).

According to the results of my investigation thengections between the urban surface
parameters and the mean UHI intensity can be destrvell with linear functions, so linear
approach was used by the creation of a model, ailypito Bottyan and Ungef2003) and
Bottyan et al(2005). | found the following empirical model-edjoa:

AT = 0,001032*B’ + 0,002455*B’ + 0,002629*B’ (7 =0,97)

By the creation of a multiple-parameter model theéeo of combined urban parameters
was examined by stepwise linear regression analyhis first entrant was the, Bbarameter,
which determined the annual mean UHI intensity6r3%, the next was the;§96.9%) and
the last was the 8(97.1%), but both parameters improved the relighilf the model.

4. The reliability of the model: in Szeged and in Debrecen the temperature difteres
less than 0.5 °C on most of the anomaly-map ofotheerved and the modeled annual mean
AT, which means the model reproduces the origimaptrature field correctlylhe signific-
ance levels of the three coefficients are less th@A1. According to the obtained statistical
figures, the three invariable parameters explaito ©f the variation in the magnitude and



spatial distribution of the temperature excesshm studied cities, so the reliability of this
model-equation is outstanding.

In the course of extensidhe validity of the modelis determined by the scope of para-
meters of Szeged and Debrecen used for the moden\Wxtending the model, reliable re-
sults can only be obtained if the values of thesgtigated area fall within these intervals.

5. | validated the modelon two independent databases from settlementssivititar en-
vironmental conditions.

The data of either database were collected in ttaneas (Hajdub6szérmény, Hajdudorog
and Hajdunanas) situated on a flat area, betwepte®@ber 2003 and January 20@z€gedi,
2005). The relationship between the observed aticha@&ed annual mean UHI intensity was
determined by 15 pairs of elements in these tltoems. The mean absolute deviation of the
element pairs was less than 0.09 °C. There isoagtpositive relationship between the ob-
served and estimateiT values. The strength of the linear relationsisigupported by the
large value of the coefficient of determinatiof € 0.816, n = 15), since at my number of
elements (15) the relationship is real at 1% sigaifce level atr= 0.397 (r = 0.63). Thus,
the null-hypothesis, that there is no connectiotwben the two parameters, can be clearly
rejected; moreover, | can state with 99% certaihat realistic connection exists between the
two parameters. Deviation around the regressiaatims only 0.11 °C.

The data of the other database were collected agetkzin a one-year period between
March 1999 and February 2000nger et al.,2001b). The relationship between the observed
(1999-2000) and the estimated heat island was @eahtly 103 pairs of elementhere is a
strong positive relationship between the obsernratlestimated\T values. The value of the
coefficient of determination is large (0.651), @ret my number of elements (103) the rela-
tionship is real at 1% significance level atr0.063. Thus, the null-hypothesis, that there is
no connection between the two parameters, candaglglrejected. Deviation around the re-
gression linear is just 0.31 °C.

When the measured data examined together (118 paetements) from three towns
(Hajdubdszormény, Hajdudorog and Hajdunanas) aonh f6zeged (1999-2000), then a
stronger relationship was detected with the datéhefestimated UHI. The strength of the
linear relationship is supported by the large vadfiehe coefficient of determination?(=
0.781, n = 118), since at my number of element8)1He relationship is real at 1% signific-
ance level at’r= 0.063. Thus, the null-hypothesis, that themoisonnection between the two
parameters, can be clearly rejected; moreovernlstate with 99% certainty that realistic
connection exists between the two parameters. therdeviation around the regression linear
is only 0.29 °C.



6. | extended the general modelo other, different-sized settlements having samgeo-
graphical conditions (topography and climate) fonidating the magnitude and pattern of
mean heat islands. As mentioned earlier, only mettandsat satellite images of the settle-
ments were necessary, from which the built-up ratid its areal extensions (weighting with
the log-distance from the city border) were deteedias independent variables for this pur-
pose.

Hereafter, settlements are showed in order of @djoul size (Karcag, Mako, Oroshéaza,
Hodmedvaséarhely, Békéscsaba, Kecskemét, Arad, Temeswdrgre the given model-
equation was used.

In the smallest city, Karcag, the simulated UHinfiais slightly stretched out in a S-N di-
rection. The UHI maximum is 0.96 °C, which devel@i®ve the most densely built-up cell
(45.5%). In the whole city low B values are typjaaklludes to the village-like diffuse built-
up.

The structure of UHI is really regular in Makoé. Theat island is the largest (1.60 °C)
above the city centre, where the most densely-bpilcell (53%) can be found. The city is
relatively evenly built-up 30-50%Bralues are typical in most parts.

The largest simulated intensity value (1.69 °C)aleps above the centre in Oroshaza (B
= 69%), but highly built-up industrial parks elongahe isotherms in the direction of N-E. Its
size of population is equivalent to the number rdfabitants in Hajdub6szérmeény (30 500
people), even so in Oroshaza the value of modeledmumAT is much higher than in Haj-
duboszoérmeny. It is explicable with the differehtacacter of cities, because in Hajdubdszor-
meény big gardens and green surfaces are typicale wh Oroshaza there are considerable
industrial areas.

According to the approximation in HoédnteAsarhely the biggedhT value evolves
above the centre, however the most densely builtalp(77%) is in the areas of industrial
parks and hypermarkets in the eastern part of itge @n the south-eastern confines of the
city there is a gross factory, which pulls the h&vins.

Also in Békéscsaba the modeled heat island isattgge$t above the centre (1.90 °C), here
is the most densely built-up cell (72.5%). On tbafmes of the city there are big industrial
parks and hypermarkets, which modify the form oftherms.

Kecskemét has a rather regular UHI development avitientre in the historical city core
(reaching 78% built-up ratio) and with a largast of about 2.7°C. In the southern part of the
city there are great industrial parks and hyperetarkvith big covered surface, so here the
UHI reaches 2-2.25 °C.

Arad is of similar size as Szeged and Debrecemdtdeled heat island has more centers,
the Maros river flows across the southern parthefdity, so it affects the temperature of its
surroundings. The maximu&il value is 2.95 °C (similarly to Szeged). The ceith the
highest built-up value is in the south-western pathe city (85%).



The investigated area of Temesvar is almost 58 kmthe case of this city the model has
a bit of extrapolation. The maximum value of thed@led UHI is the same as in Szeged (2.97
°C). In the settlement there are two intensity topsich both reach the historical core but do
not cover it, because in the centre there areivelgtbig green surfaces. Thus the densest cell
is not here, it is in an industrial park in theteas part of the city (84.7%). The high&st
values belong to industrial areas.

Conclusion

The results may have great practical significarstece the temperature difference be-
tween the city centre and the rural areas react¥e8@ on average 2—-3 °C in a big city like
Szeged. The presented empirical model can be redas a useful tool for estimating the
mean heat island patterns for cities situated gulam and in the same climate type. The
knowledge of the estimated structure of mean UHy mr@vide useful basic information for
the development projects of neighborhoods or citiess useful to consider the climate-
modifying effect of buildings in the planning petioThe enlargement of green surfaces and
the suitable partition of buildings may decreaseitijurious effect of heat excess.
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