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ABSTRACT

Recent studies by the Hong Kong Observatory shaivitte urban centre of Hong Kong has considerabbat
Heat Island (UHI) effect that arises from the difiet thermal properties between urban and the gudiag
rural areas. The studies have also shown thatrb@nrural temperature difference or UHI intengityhe urban
centre of Hong Kong can be greater than 10 oC. d¥ew the characteristics of UHI in Hong Kong wountut
be unique were it not for its complex topographyd ahe significant spatial variation in the degrele o
urbanization within the territory. Making use dfet extensive spatial coverage of the automatic heeat
stations operated by the Observatory, this stuthhadts to document the spatial variation of theratiaristics
of UHI effect in Hong Kong in summer and winterdhgh cases studies. Cases in summer and winter with
meteorological conditions typical for high UHI edfe(that is, clear sky, light wind and stable atpiwsic
condition) are selected for the study. The charétics of UHI effect in terms of the daytime wanm rates,
nocturnal cooling rates and diurnal temperaturgeanat the selected automatic weather stationaraysed.
The territory of Hong Kong is then classified irdifferent categories according to the identifiedretteristics
with a view to portraying the spatial morphologyldifil effect in Hong Kong..
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INTRODUCTION

The higher temperature in urban areas than thewuwling rural areas is described as the Urban Hé&atd
(UHI) effect (e.g., Oke and Maxwell 1975). Basednumerical simulation, Taha (1997) found thatthdl is
a result of the changes in surface albedo and &tgetcover owing to urbanization. As controlleddifferent
assemblages of energy exchange processes, thetehataes of UHI can vary from place to place drmn
time to time (Arnfield 2003).

Hong Kong, located at the south China coast, iss&apolitan city which has gone through a periodnaifior
urbanization in the past several decades. Duéidocbastal setting, the air temperature at HonggKisn
regulated by the influence of land-sea breezes{§H#®97) and the secondary circulations generayethd
land-sea thermal contrast (Wai 1993). The UHIaffe Hong Kong, as highlighted by Oke (2008), atated
to the density and height of the buildings thatcklthe sea breeze. On the other hand, Gonzalaiz @005)
reported that the sea breeze effect in coastasc@ould be dominated by the UHI. Utilizing reme&nsing
techniques, Nichol (2005) pointed out that in Hdtang, meso-scale climatic factors appeared to lymeater
influence than micro-scale factors at night butreerse was true for the daytime. As reviewe8adnch and
Grimmond (2006), the UHI remains the most interlgigtudied climatic feature of cities.

Recent studies carried out by the Hong Kong Obseryahow that the rising trend of air temperatiréiong

Kong in the past century was mainly a result of tbenbined effect of the global warming due to ereain
greenhouse effect and the high density urban dpredat in Hong Kong (Lam 2006; Leung et al. 2004)Vu

et al. (2009) conducted a study to determine tlagadtteristics of the difference between the aimptematures in
rural and urban areas, that is the intensity ofihi effect (more specific, the canopy layer UHmply refer to

UHI hereafter) by using the temperature readingended at the Hong Kong Observatory Headquartecaigd
at Tsim Sha Tsui, the centre of the urban arehérkiowloon Peninsula) and Ta Kwu Ling (locatedhat tural

area of the New Territories). The results of thelg show that UHI effect varied in different seasdn Hong
Kong with high UHI intensity generally exceedingof@in fine weather with light winds in winter.



The characteristics of UHI in Hong Kong would na& bnique for the facts that Hong Kong has a complex
topography and that there is a significant spataiation in the degree of urbanization within tiegritory.
This study analysed the characteristics of UHI affat different regions in Hong Kong and classifit
territory into different categories according te tldentified characteristics with a view to portraythe spatial
morphology of UHI effect in Hong Kong. As UHI effehas seasonal variation in Hong Kong (Wu et al.,
2009), this study also compared the findings ins@mand in winter.

METHODOLOGY

Case study approach was used for the study. Omemsu case and one winter case with meteorological
conditions typical for UHI effect, namely calm windear sky and a stable atmosphere were seleotethd
study. Although it is not uncommon to refer UHI asocturnal phenomenon (e.g., Gedaelman et 3,20
Bonacquisti et al. 2006) because of the lower Witnsity in daytime (e.g., Alonso et al., 2003gréhwere
studies focusing on daytime UHI (e.g., Giridharanak 2004, Hidalgo et al 2009). The UHI effect at
particular location was therefore characterizedhwydaytime warming rate (WR), nocturnal coolinteréCR)
and diurnal range (DR) in this study.

The in-situ temperature readings measured by thensiic weather stations operated by the Hong Kong
Observatory for these two cases were analysed teyndime the WR, CR and DR for characterizing thel UH
effect at each of the stations. The automatic heraitations were then classified as Urban, Ruratlterwise
(hereafter refer to as Hybrid for short) by meahthe method of k-means cluster analysis (e.g.k¥11999) in
terms of WR, CR and DR.

DATA

Figure 1 shows the locations and altitudes abovaennsza level of the automatic stations. Statidnsigh
altitudes and at offshore islands were consideseference stations and would not be classifietthizrstudy.
As the effect of UHI is most pronounced during tigghe (Wu et al, 2009), the period of interest éaich of the
selected cases also covered the early morningedbtiowing day.

@ Stations whose UHI characteristics were studiedtofal of 22 «J Stations at high mountains and offshore islands
stations)

-JPEN (34)

VP1 (408
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Figure 1 Locations of the automatic weather stetiosed for this study. Valués the brackets deno
the station elevations above sea-level in metres.



The summer case of 25 July 2008 and the winter cb88 November 2008 were selected for the studior
the summer case, it was almost cloud free ovehsBhina under the influence of air subsistencecats with

a tropical depression over the western North Ratifithe east of Taiwan. It was also mainly finverosouth
China for the winter case when the dry winter mamnsaffecting the area had been moderating. Figure
shows the daily weather maps at 08HKT and the leisshtellite imageries taken at 11HKT for the tvases.
The meteorological conditions in Hong Kong durihgge two cases are summarized in Table 1.

(b)
Figure 2 Daily weather map at 08HKT (top) and \isisatellite imagery (bottom) at 1100 HKT on (af'25
July 2008 and (b) 3bNovember 2008.

Table 1 Meteorological conditions in Hong Kong digrithe periods of interest of the summer case odulb
2008 and the winter case on 30 November 2008

Cloud q Wind Beaufort  Sweat Nighttime stabilit
Date amount Rainfall speed Force Indext (PasqSiII—Turner Catggories)
25 July 13 % 0 mm 2.2 mMs Light 124 Class F (moderately stable)
26 July 10 % 0 mm 2.2 ils Light 175 Class F (moderately stable)
30 November 0% 0 mm 1.7 m§ Light 68 Class F (moderately stable)
1 December 5% 0 mm 1.4 ths Light 62 Class F (moderately stable)

Sweat index below 300 typically indicates no pasdrior strong convection (Lee 1993)
2 the Pasquill-Turner Stability Categories is sgediin terms of wind speed and cloudiness (Kod &084).

ANALYSISAND RESULTS
Definitions of UHI attributes

Figure 3 shows the time series of on-the-hour teatpees and hourly temperature changes averagatiddt2
automatic weather stations with altitudes closenegan sea level. The hourly temperature changekentas
the difference in temperatures between that hoditla preceding one.

The warming rate (WR), cooling rate (CR) and dilimaamge (DR) were specially defined for both caaéh
reference to Figure 3 as follows: WR as the warmatg@ over the period from one hour after sunris¢he
afternoon at 14 HKT during which temperatures galhekept rising, CR as the cooling rate over theziqd
from one hour after sunset to the time when the ofttemperature drop stabilized and became alstesty,
and DR as the difference between the minimum teatper after sunset and the maximum temperature afte
sunrise. In this study, all rates were determinsithg linear regression method. Values of WR, @R BR

for all the stations in Figure 1 were computeddtedmine various UHI attributes.
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Figure 3 On the hour temperatures and hourly teatyre changes averaged for the 22 selected statiorfa)
summer and (b) winter case. WR and CR denote régelycthe warming rate and cooling rate be
considered.

Classification of stations

The 22 stations were classified as Urban, Ruraddybrid by means of the method of k-means clustedysis
(e.g., Wilks 1999) in terms of WR, CR and DR. Amguercial package XLSTAT was used to perform the
cluster analysis with the number of clusters sethtee. Since several stations had clear and uigaimis
thermal properties in the context of UHI (for exdenplKO is an urban station while TKL is a ruraltgia), the
nature of each cluster can be recognized simplyefgrring to these representative stations. Taldhows the
results of the cluster analysis.

Table 2 k-means clustering results. Stations lgtanto the same cluster in both summer and wiater
highlighted in bold. Note that data was not avddaor HKP for the winter case.

Cluster (Type) Summer Winter
1 Urban stations SKW,HKSHKO,KPKLT,CPH, SKW,HKSHKO,KPKLT,CPH,
HKP,LFS,TU1 BHD,JKB,TWN,PLC,SKG
: . WLP,SHA, WLP,SHA,
2 Hybrid stations BHD.JKB. TWN.PLC TPO,LFS,TU1
: TKL,BR1,SSH,SEK,TYW, TKL,BR1,SSH,SEK,TYW
3  Rural stations TPO SKG

Thirteen stations were classified distinctly ahi@itUrban, Rural or Hybrid stations irrespectivetitd season
(i.e, those highlighted in bold in Table 2). Figut shows the distribution of the Urban, Rural &hdrid
stations in summer and winter.

Figure 4 Distribution of Urban (U), Rural (R) anlgbrid (H) stations for summer (left) and winteigft).

It is noted that all stations located in the KowloBeninsula (including HKO, KP and KLT) and alltsias
located in the inland areas of the New Territofiesluding TKL, BR1, SSH, SEK) were classified ablin and
Rural stations respectively in both summer and evint On the other hand, both WLP and SHA were Hiybri
stations in both summer and winter.



TPO and SKG were examples of stations bearing rdifteUHI characteristics in summer and winter. In
particular, SKG was classified as a rural statiosummer and an urban station in winter. One plEsseason
for the seasonal variation in UHI characteristitthese stations was that these stations are tdoseashore and
prone to the influence of local land-sea breezeutiations. Since the sea is normally warmer thamavinter
and cooler in summer, the temperature contrasteaerinfluence on the station temperature througtie year.
Besides the land-sea breeze effect, there mighthmr possible factors such as surface cover wimaf have
seasonal characteristics that caused the obsezasdrgal variation in UHI characteristics of thets¢ians.

Thus, the classification of stations depends orumber of factors, including the clustering algarms) the
variables considered and the choice of the numberiusters. Nevertheless, the delineation in #stisdy
appears to be representative at large for the gerpd distinguishing stations having different temgture
change behaviours in a day.

UHI Characteristic of different station types

The average DR, WR and CR of the Urban, Rural aylorid stations were also computed and compared with
the reference stations (Table 3).

Table 3 Comparison of the average DR, WR and CHliferent station types with some reference stegtio

Summer Winter
Types DR WR CR DR WR CR
(°C) (°Chr)  (°Chr} (°C) (°Chrly  (°Chr})
Urban 5.1 0.7 0.2 6.2 0.9 0.1
Hybrid 7.4 1.0 0.2 9.8 11 0.7
Rural 9.3 1.1 0.8 14.5 2.1 0.9
Inner Island (PEN, CCH, TAP) 7.3 0.9 0.4 7.7 1.2 30.
Outlying Island (WGL) 3.9 0.4 0.3 2.6 0.2 0.1
Hill top (TMS, TC, VP1) 4.6 0.5 0.1 4.2 0.5 0.1
Reclaimed Artificial island (CLK) 5.8 0.8 0.5 5.6 .90 -0.1

It is apparent from Table 3 that all the average DR and CR for Rural stations were largest boteummer
and winter. In summer, Urban stations were charaed by a relatively small daytime warming rateeveas
Rural stations registered a large nocturnal coalatg. In winter, the nocturnal cooling rate fablin stations
was small whereas both the diurnal range and deytimrming rate were large for Rural stations. slalso
noted that the behaviour of Hybrid stations withpect to the day time warming rate and nocturnalicg rate

was different between summer and winter. In sumtherwarming rate for Hybrid stations was closéhtt of

Rural stations while their nocturnal cooling ratesre close to that of Urbal stations. However, waming

rate of Hybrid stations assumed urban charactenigtile the nocturnal cooling rate was close td tifaRural

stations in winter.

It is noted that the smaller WRs for Urban stationsummer and winter as compared with those faaRand
Hybrid stations were comparable to those for CLKolhs mainly a reclaimed artificial island, sugtieg that
the physical properties of the urban environmemtt{sas concrete and asphalt) played one of thertamtaroles
in lowering the daytime warming rate. It is alsmed that the CR for Urban stations was no grehgar that
for those for Inner and Outlying Islands in botimsner and winter, probably because the coolingHerlatter
(especially the Outlying Islands) was regulatedtliny surrounding waters. As a matter of fact, the fGr
urban stations in winter (being about one-tenth dfiaural stations) was the smallest.

Spatial morphology of the UHI

As mentioned in previous sections, the intensitWbil was most pronounced in nighttime. Table ®alsows
that the rural-to-urban ratio for CR was the latgemong the other parameters in both summer anmwinThe
CR was then used to portray the UHI morphology ohéi Kong.

Figure 5 shows the spatial variation of the CR#lang Kong which was generated by simple interpofatf
the CRs of the 22 automatic weather stations. hétws that the cooling rates in the urban hubs aker
southern part of the territory were relatively simdlereas those in most parts of the New Terrisowere larger.
Furthermore, there was a noticeable change indlaive magnitude of the cooling rate in the westeart of
the New Territories from summer to winter. The looprates at that region were noticeably smakantthose
non-urban stations in other parts of the New Tanigs in summer as compared with those in wintdihis



concurred with the analysis results that both LR& 8U1 were classified as Urban stations in sum(reder to
Table 2). Owing to the relative location of urdaub and local topography, the structure of the (Irlterms
of CR) in Hong Kong deviates from an idealized UWHlhearly concentric pattern as suggested by KichBak
(2005).
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Figure 5 Variation of cooling rates for (a) sumraed (b) winter. Conditions for Islands and Higtua
were not incorporated to avoid spatial discontiegirising from their geographical singularities!&r
intrinsic characteristics.

CONCLUSIONS

The spatial variation of the characteristics ofartheat island effect (UHI) in Hong Kong was exagdin
through case studies. Cases in summer and wiritiermeteorological conditions typical for high Uldffect
were selected to elicit the seasonal differencereas with distinct urban or rural characteristing areas with
mixed rural and urban characteristics in summer wirder were identified in terms of their warmingte,
cooling rate and diurnal temperature range. It feamd that urban areas were characterized by dl sma
daytime warming rate in summer and a small noctwoaling rate in winter. On the other hand, atiekly
large nocturnal cooling rate in summer and a latggime warming rate in winter were the hallmarkrafal
areas in Hong Kong. Overall speaking, the majgraot of the urban heat island effect to urban aigise
noticeably small nocturnal cooling rate in summesulting in higher night time temperatures anddodegree



of comfort for people living in these areas. Toplanners should take this characteristic of theanrheat
island effect into consideration in their developiner re-development projects.
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