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Osszefoglalas — A vizsgalt telepiilés, a 160.000 lakosti Szeged, méreténél, illetve hegységektSl és nagy
vizfeliilletekt6l tavol esé siksagi fekvése miatt kivaldoan alkalmas a varosi hésziget (UHI) kutatasara. A
hémérsékleti adatokat egy elézetesen kijelolt gridhalozat mentén mobil mérésekkel gyiijtottik kiilonbozo iddjarasi
viszonyok mellett 2002 éprilisa és 2003 marciusa kozott, minden esetben az UHI maximalis kifejlddésének
varhat6 idépontjaban. Célunk volt: (i) a standard Kriging eljaras alkalmazasaval izoterma térképek szerkesztése,
amelyek a szezonalis atlagos UHI intenzitas térbeli eloszlasat mutatjak be, és (i) az egyedi homérsékleti
mintazatok generalizalt tipusokba soroldsa normalizalas és kereszt-korrelacié felhasznalasaval.

A tanulmanyozott idészakban az UHI intenzitdsi mezok térbeli eloszlasa koncentrikus alakzatot mutatott, néhany
helyi szabalytalansaggal. Az UHI mintazat korrelacids egyiitthatés osztalyozasanak eredményeként, alakzat
szerint, nyolcféle tipust kiilonboztethetiink meg. A szabalyos koncentrikus mintazathoz képest a formak kiilonb6z6
jellegti eltolodasai valoszintileg a mérésekkor uralkodo eltérd széliranyokkal allnak kapcsolatban.

Abstract — The studied city (Szeged, Hungary) is located on a low and flat flood plain with a population of
160,000. Data were collected by mobile measurements in a grid network under different weather conditions
between April 2002 and March 2003 in the time of the maximum development of the urban heat island (UHI).
Tasks include: (i) Construction of isotherm maps to show the seasonal mean spatial distributions of the UHI
intensity applying the standard Kriging procedure. (ii) Classification of individual temperature patterns into
generalized types using normalization and cross-correlation.

In the studied periods the spatial distribution of UHI intensity fields had a concentric shape with some local
irregularities. As a result of the UHI pattern classification using correlation coefficients eight types of the form can
be distinguished. The shifts of the forms in comparison with the regular centralized pattern are, presumably, in
connection with the prevailing wind directions.

Key words: UHI, seasonal patterns, classification of patterns, cross-correlation, Szeged,
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INTRODUCTION

Urbanization modifies materials, structure and energy-balance of the surface and
composition of the atmosphere compared to the surrounding natural environments. These
artificial alterations determine a distinguished local climate in the cities, which is called as
urban climate. The climate modification effect of urbanization is most obvious for the
temperature excess (urban heat island — UHI), which is characterized by the the UHI
intensity (namely AT, the temperature difference between urban and rural areas). Generally,
this intensity has a diurnal cycle with a strongest development at 3-5 hours after sunset.

Counting all weather conditions except rain, the objective of the study is to
investigate the air temperature distribution inside the city a few hours after sunset, when the
UHI effect is most pronounced. In order to achieve this aim, we construct isotherm maps to
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show the spatial distributions of the UHI intensity and classify these temperature patterns
into generalized types.

STUDY AREA AND METHODS

General

Szeged is located in the south-eastern part of Hungary (46°N, 20°E) at 79 m above
sea level on a flat plain (Fig. 7). The River Tisza passes through the city, otherwise, there
are no large water bodies nearby. The river is relatively narrow and according to earlier
investigations its influence is negligible (Unger et al., 2001). These environmental
circumstances make Szeged a favourable place for studying of an almost undisturbed urban
climate.
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Fig. 1 Division of the study area into 0.5 km x 0.5 km grid cells, (a) circle dike and
measurement routes in the (b) northern and (c) southern sectors. The urban areas are marked by
white.

In the city, within the administration district of 281 km?, the number of inhabitants is
160,000. The region is in Kdppen's climatic region Cf (temperate warm climate with a
fairly uniform annual distribution of precipitation). The annual mean temperature is 10.4°C
and the annual mean precipitation amount is 497 mm.

Grid network and temperature (maximum UHI intensity)

The area of investigation (inner part of the administration district) was divided into
two sectors and subdivided further into 0.5 km x 0.5 km cells (Fig. ). It consists of 107
cells covering the urban and suburban parts of Szeged (26.75 km®). The outlying parts of
the city, characterized by village and rural features, are not included in the network except
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for four cells on the western side of the area. These four cells are necessary to determine the
temperature contrast between urban and rural areas.

In order to collect temperature data for every cell, mobile measurements were taken
on fixed return routes during the period of April 2002 — March 2003, altogether 35 times
(Fig. 1). In case of surface and near-surface air UHI investigations, the moving observation
with different vehicles (car, tram, helicopter, airplane, satellite) is a common process (e.g.
Conrads and van der Hage, 1971; Oke and Fuggle, 1972; Voogt and Oke, 1997; Klysik and
Fortuniak, 1999). We used one car by sectors at the same time. The frequency of car
traverses (one measurement per 10 days) provided sufficient information under different
weather conditions, except for rain. Table I and Table 2 summarize the details of
measurements.

Table 1 Monthly and seasonal numbers of mobile measurements in Szeged (April 2002 — March

2003)
M A M J J A S [0) N D J F
3 3 3 3 3 3 3 3 3 2 1 5
Spring Summer Autumn Winter
9 9 9 8
non-heating season heating season
18 17

Return routes were needed to make time-based corrections and the measurements
took about 3 hours. Readings were obtained using a radiation-shielded resistance sensor
connected to a data logger for digital sampling. Data were collected every 10 s, so at a car
speed of 20-30 km h™' the distance between measuring points was 55-83 m. The sensors
were mounted 0.60 m in front of the cars at 1.45 m above ground to avoid engine and
exhaust heat. The speed provided adequate ventilation for the sensors to measure the
ambient air temperature. The logged values at forced stops were rejected from the data set.

Having averaged the 15-20 measurement values by cells, time adjustments to a
reference time (namely the likely time of the occurrence of the strongest UHI in the diurnal
course — maximum UHI) were applied assuming linear air temperature change with time. It
was 4 hours after sunset, a value based on earlier measurements. Consequently, we can
assign one temperature value to every cell (centerpoint) in the sectors in a given measuring
night. AT values were determined by cells referring to the temperature of the westernmost
cell of the study area, which was regarded as a rural cell because of its location outside of
the city. The 107 points (the above mentioned centerpoints) covering the urban parts of
Szeged provide an appropriate basis to interpolate isolines applying the standard Kriging
procedure.

Mean seasonal distributions and classification of the UHI patterns

Two half years can be distinguished from the point of view of city dwellers: the non-
heating (from April 16th until October 15th) and the heating (from October 16th until April
15th) seasons. From the 35 measuring nights, according to this time division, there are 18
and 17 in the non-heating and heating seasons, respectively. The mean seasonal and annual
spatial distributions were determined by averaging the absolute UHI intensities by cells.
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Table 2 Survey of mobile measurements in the study area of Szeged in the period of April 1999 —
March 2003 (CET — Central European Time)

No. Date Measuring period Reference | max. AT

Northern Southern | time (CET) °O)
sector sector

1 05. 04. 2002 2h 54m 3h 00m 22.15 0.818
2 15. 04. 2002 2h SIm 3h 00m 22.15 2.567
3 22.04.2002 3h0lm 3h 08m 22.45 3.214
4 06. 05. 2002 2h 53m 2h 58m 23.00 2.187
5 15. 05. 2002 2h 53m 3h 04m 23.15 4.843
6 23.05.2002 2h 52m 2h 59m 23.30 1.178
7 04. 06. 2002 2h 58m 3h 07m 23.30 4.069
8 13. 06. 2002 2h 57m 3h 02m 23.45 4.753
9 26. 06. 2002 2h 47m 2h 57m 23.45 4.259
10 | 05.07.2002 2h 48m 2h 50m 23.45 4.794
11 15. 07. 2002 2h Slm 2h 57m 23.30 3.477
12 | 24.07.2002 2h 48m 3h 03m 23.30 1.180
13 | 06.08.2002 2h 54m 2h 56m 23.15 0.972
14 | 21.08.2002 2h 49m 2h 57m 22.45 3.832
15 | 27.08.2002 2h 48m 2h 49m 22.30 2.000
16 | 02.09.2002 2h 49m 3h 00m 22.30 1.004
17 18. 09. 2002 2h 51m 2h 57m 22.00 4.467
18 | 30.09.2002 2h 57m 2h 55m 21.30 1.434
19 | 07.10.2002 2h 57m 3h 08m 21.15 3.111
20 14.10. 2002 3h 03m 3h 05m 21.00 1.833
21 28.10.2002 3h 00m 3hllm 20.30 1.107
22 12.11. 2002 3h 00m 3h 12m 20.15 2.615
23 18. 11. 2002 2h 57m 3h0lm 20.00 3.207
24 | 27.11.2002 2h 59m 3h 00m 20.00 2.756
25 12.12.2002 3h 00m 3h 05m 20.00 0.346
26 | 20.12.2002 3h 06m 3h 06m 20.00 2.403
27 | 27.01.2003 3h 05m 3h 10m 20.30 1.060
28 | 02.02.2003 2h 58m 3h 16m 20.45 4.423
29 17.02.2003 3h 0lm 3h 14m 21.15 3.938
30 18. 02. 2003 3h 0lm 3h 07m 21.15 5.052
31 24.02.2003 2h 59m 3h 02m 21.15 1.600
32 | 26.02.2003 3h 04m 3h 05m 21.30 5.055
33 | 05.03.2003 2h 59m 3h 04m 21.30 2.616
34 | 24.03.2003 2h 55m 3h 03m 22.00 6.815
35 | 25.03.2003 2h 57m 3h 03m 22.00 5.476

The first step for the grouping the UHI patterns by the forms was the normalization
of the AT values of each pattern. In course of the normalization the absolute intensities by
cells were divided by the absolute value of the cell which had the maximum intensity at the
given night. This process eliminates the alterations caused by the differences in the UHI
magnitude. Then, cross-correlation was applied for the normalized temperature patterns
(107 AT values) of the 35 measuring nights. It means altogether 595 relationships between
the different patterns. For practical purposes, the coefficients can be gather in a cross-
correlation matrix (Montavez et al., 2000). In our case the correlation coefficient is
significant at the 99% of confidence level if it is larger than 0.25 (n = 107).
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The classification is based on the next simple common feature: those patterns are in
a class (or type) which are in the above mentioned significant correlation with each other
pattern in the class.

RESULTS AND DISCUSSION

In both seasons and in the one-
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Fig. 2 Spatial distribution of the mean max. UHI
intensity (°C) during the investigated one-year period
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Fig. 3 Spatial distribution of the mean max. UHI intensity (°C) during (a) the non-heating season and
(b) the heating season in Szeged

In the half-year seasons the structure of the UHI is very similar to the one-year period,
only the highest values differ slightly. In the non-heating season the AT is a bit larger
(2.79°C), while in the heating season it is a bit smaller (2.63°C), than in the one-year period
(Fig. 3).

According to the classification of the individual UHI patterns using correlation
values, eight types of the form (marked by A, B, ...) can be distinguished. Table 3 contains
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Table 3 Names, members and ranges of the measured maximum

intensities (°C) of UHI pattern types
Type | Name Members AT range
A centralized 5,9,12,15,23,33 0.35-5.48
B shifted to NW 13, 18, 20, 21, 22, 31 1.83-3.21
C shifted to N-NE 4,6,11,24,25 0.97-4.75
D shifted to E-SE 1,27,28, 35 2.57-5.05
E shifted to E-NE 3,10,17,19 1.11-4.84
F shifted to W-SW | 2,7, 29 1.60 —4.26
G shifted to S 14, 16, 34 0.82-1.43
H miscellaneous 8, 26, 30, 32 442 -6.81

the members (marked by
the numbers of
measurements, see Table 2)
and the ranges of the
measured maximum
intensities types. In
comparison  with the
regular, centralized pattern
(A), the irregularities (or
rather shifts) in the forms
are reflected in the names
of the types. These shifts
can be, presumably,

by

explained by the prevailing wind directions at the given measuring nights, but the exact
confirmation of this relationship needs further data collection and examination. Example
normalized patterns of each distinguished types (except of the miscellaneous type H) are
exhibited in Fig. 4
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Fig. 4 Example patterns by types and their dates in Szeged. The cells with the highest value are
marked by points. A (centralized) — 18. 09. 2002, B (shifted to NW) —27. 08. 2002
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Fig. 4 (continued) E (shifted to E-NE) — 24. 07. 2002, F (shifted to W-SW) — 26. 06. 2002
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, L~ Ne, l; e The following conclusions are
RS S ST 7 7)) ) reached from the analysis presented:
( AIIRN (¢ (i) The spatial patterns of the mean
U2 ) DN UHI intensity have almost concentric
) 7= shapes. The anomalies in the regularity are
( ~JIf caused by the alterations in the urban
A \ surface features.

(i) The normalization of the
intensities gave us a useful tool for the
comparison and classification of the
individual UHI patterns. Eight types of the AT pattern can be distinguished. The shifts in
the forms are, with a large probability, in connection with the prevailing wind directions.

Fig. 4 (continued) G (shifted to S) — 05. 04.
2002
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