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ABSTRACT

This paper explores urban temperature in Hong Kong using-term time series. In particular, the characterization of
the urban temperature trend was investigated using thersgasit root analysis of monthly mean air temperature data
the period January 1970 to December 2013. The seasonabohitest makes it possible to determine the stochastic trend
of monthly temperatures using an autoregressive model t&teesults showed that mean air temperature has incregsed
0.169C (10 yr) 1 over the past four decades. The model of monthly temperahiegned from the seasonal unit root analysis
was able to explain 95.9% of the variance in the measuredhiyotata — much higher than the variance explained by the
ordinary least-squares model using annual mean air tetopedata and other studies alike. The model accuratelyqtesd
monthly mean air temperatures between January 2014 andribec2015 with a root-mean-square percentage error of 4.2%.
The correlation between the predicted and the measurechigonean air temperatures was 0.989. By analyzing the mypnthl
air temperatures recorded at an urban site and a ruraltsitasifound that the urban heat islarfteet led to the urban site
being on average 0.866 warmer than the rural site over the past two decades. Bediue results of correlation analysis
showed that the increase in annual mean air temperatureigvacantly associated with the increase in populatiomsgr
domestic product, urban land use, and energy use, witR&values ranging from 0.37 to 0.43.
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1. Introduction Michelozzi et al., 2007; Ye et al., 2012; Chen et al., 2015)

show that people in urban areas have an elevated risk of mor-

Urbanization is a gIoba_I phenomenon that ha; tranta_lity due to the #&ect of higher air temperature and heat
formed landscapes. According to a study by the United Na- .
waves, as compared to those in suburban and rural areas.

tions’ Population Division (UN, 2014), the world’s urban )

U : . I Over the past three decades, researchers have studied ur-
population is projected to increase from 3.9 billion in 2016an warming trends using annual. quarterlv. and monthl
to 5.0 billion in 2030, and then to 6.3 billion in 2050. By ming 9 » quarterly, and y
2025, 7 out of 37 megacities with a population exceeding pan air temperature data (Kalnay and Cai, 2003; Hugng et

’ arl., 2009; Kataoka et al., 2009; Ren et al., 2012; Sonali and

million are exp_ected to be located in mainIand_China. .E1Xumar 2013; Chattopadhyay and Edwards, 2016). Ren et al.
2050, Ch_ln_a will ha"‘? th? largest urban populauon,_t_ogahr‘kzmz) indicated that annual mean air temperature incdease
about 1 billion. Urbanization transforms lands for resitkn . 1 1
T : : at a rate ranging from 0.08 (10 yry*t0 0.12C (10 yry ~in
commercial, mdu_strlal, ar!d transportation purposes. wWh ina in the past 100 years, and the warming was more sig-
gjzrseur.fg%eoxeeﬁe? Conrzgiiiipi%elzgcg Z;;f:é’ g}egnv]\ﬂlgcant in winter and spring and was more evidentin northern
sions and waste hea?)ll\’/loreovergthe mc?dified land surfacet%}ina' Sonali and Kumar (2013) studied temperature trends
. ' L across all regions in India. They also reported that signifi-

a city dfects the storage and radiative and turbulent transa-lnt trends could be found using winter maximum temper-
fers .Of the city's heat. _Hence, urban warming trends _and taFure data in India. Kalnhay and Cai (2003) studied the im-
relative warmth of a city compared with its surrounding ruf)act of urbanization and other land-use changes on monthly
Li:vzr%aei:nljgolz\é n aesn\fir;gnlrjrrgﬁ?aﬂggtjgazrgc(g Fgﬁgt; nimean surface temperature. By comparing trends in observed

Y ' ! Grface temperatures at U.S. surface stations with that de-

et al,, 2015). Epidemiological studies (Conti et al, 200%\/9d from the reconstruction of surface temperaturesdase

on global climate model from 1950-99, they determined that
* Corresponding author: Wai-Ming TO the mean surface warming was about 027100 yr)* in the
Email: wmto@ipm.edu.mo U.S. due to urbanization as well as other land-use changes.
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Chattopadhyay and Edwards (2016) studied long-term tem- The objectives of the present study are not only to deter-
perature trends using annual mean data at #2réint loca- mine the urban temperature trend in Hong Kong using annual
tions in Kentucky. They reported that only three of the 42 lanean air temperature data, but also to demonstrate that urba
cations had a linear temperature trend of about@0Ofir. temperature should be rigorously modeled based on seasonal
Huang et al. (2009) studied long-term annual surface air temmit root tests for unadjusted monthly mean air temperature
perature and reported that the mean warming rate in Osd8lee UHI intensity was estimated using the temperatutedi
was about 2.9C (100 yr)* during the period 1883—-2006. Aence between an urban site and a rural site in Hong Kong. The
slightly higher value of temperature increase was repdayed study also explores whether increases in population, gimss
Kataoka et al. (2009). Chan et al. (2012) studied tempezatunestic product (GDP), urban land use, and energy use were
trends in Hong Kong from a seasonal perspective. They caignificantly associated with the change in urban tempezatu
culated the daily maximum temperature, daily mean tempena-Hong Kong. Following this introduction, section 2 de-
ture, and daily minimum temperature for every three monthsgribes the area studied and the data used; section 3 esent
i.e., each season, from 1885 to 2010, and reported that the results and analysis; and section 4 concludes the study.
warming trend was more prominent in winter and spring in
Hong Kong. Nevertheless, analyzing urban warming trends
using annual and quarterly temperature data has relativgly Methods
weak statistical power because the availability of datagoi
is limited (Wang et al., 1990; Li et al., 2004; Huang et aI.2,'1' The study area— Hong Kong
2009; Chan et al., 2012). Lenten and Moosa (2003) used a Hong Kong has a land area of 1104 kmnd is an in-
general multivariate structural time series model and outternational finance center, trade and logistics center,aand
that the monthly air temperature series in Australian sitigopular tourist destination (To, 2015). Hong Kong has ex-
werel (1), i.e., with a trend. They also reported that temperperienced substantial demographic, economic, and environ
ture had an upward trend in most cities between January 196éntal changes over the past four decades. Hong Kong's
and December 1998. population increased from 4.0 million in 1970 to 7.3 mil-
To determine the UHI intensity, researchers have eithi@n in 2015, while its GDP increased from HKD 195.2 tril-
calculated the temperatureffdirence between an urban sitéion to HKD 2246.4 trillion during the same period of time.
and a rural site (Wang et al., 1990; Camilloni and Barro$he number of visitors increased from 1.3 million in 1970
1997; Li et al., 2004; Debbage and Shepherd, 2015) or uged9.3 million in 2015. Electricity consumption and associ
remote sensing techniques (Nichol, 1996, 2005; Lo and Quated greenhouse gas emissions have increased almostitenfol
trochi, 2003; Zhou et al., 2015). Wang et al. (1990) invest{To et al., 2012)—the same as the increase in the total use
gated the UHI &ect in 42 urban areas in China between 195f primary energy, including oil products, coal, and nakura
and 1983. Wang et al. (1990) found that the presence ofjas (To, 2014)—over the past four decades. Unfortunately,
UHI led to urban areas being on average 0@®armer than the number of hours of reduced visibility increased from 184
rural areas across all seasons and regions in China. Onhbarsin 1971 to 1398 hours in 2011 (To, 2014).
other hand, Li et al. (2004) reported that the average UHI ef-
fect for the whole of China during the 50 years between 195 Datasets
and 2001 was less than 0:@B—a figure that was insignif- The data for this study, including annual mean air temper-
icant when compared to the background trend of increasiagire, monthly mean air temperature, population, and GDP,
temperature. Nichol (1996, 2005) used Landsat data to stuzhtween 1970 and 2015, were extracted from databases pro-
the UHI dfect in Singapore and Hong Kong. Chen et alided by the Hong Kong Observatory and Hong Kong Cen-
(2006) investigated the relationship between UHIs and lasds and Statistics Department. Annual and monthly mean air
use in the Pearl River Delta using Landsat TM and ETMtemperatures were recorded at the weather station in tlie hea
(Enhanced TM Plus) thermal IR images obtained betwegoarters of Hong Kong Observatory in Tsim Sha Tsui — an
1990 and 2000 at an interval of two or threeyears. They fountban site (Chan et al., 2012). Similar to the studies by Ren
that the UHI was proportionally related to urban size and pogt al. (2012), Huang et al. (2009), and Kalnay and Cai (2003),
ulation density. Li et al. (2011) studied the UHI in Shanghanean air temperature was used to determine the urban tem-
using Landsat ETM images and found that the manmadperature trend in Hong Kong over the past four decades. The
impervious surface area significantlffects the UHI. Lo and size of developed areas between 1970 and 2015 was obtained
Quattrochi (2003) used fierent Landsat images from 1973rom publications of the Hong Kong Buildings and Lands De-
to 1997 to study changes in land use and land cover and suartment and the Hong Kong Planning Department. Energy
face temperature in the Atlanta metropolitan area in Georgénd-use data were obtained from the reports published by the
They found that an increase in surface temperature was a$song Kong Electrical and Mechanical Services Department
ciated with the decline in vegetation or natural biomaswh (HKEMSD, 2005a, b).
et al. (2015) used MODIS data to study the footprint of the )
UHI effect in China. They indicated that ignoring the foot2-3: Analysis method
print may underestimate the UHI intensity in many cities in  Annual mean air temperature data between 1970 and
China. 2013 were analyzed using the ordinary least-squares (OLS)
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approach with linear trend, like most other UHI studies (Li e yst = —(1- B%)(1+ V3B+B?)(1+B?+BYy; ;
al.,sl004; H;}Jang et al., 20|09; Char_l et al., 2012). ;Ij'he maLor Ver = —(1— BY(1- B+ B?)(1- B2+ BYy; :
problem with using annual mean air temperature data rather 4 2 odv. .
than monthly data is the reduction in the number of obser- Yo = _(1_18 )(1+B+BY(1- B+ By
vations, thus reducing the statistical power of the esfionat yar = (1-BY)y . )

and the _reliability of the estimates. Hencg, we applied sea- tests were conducted with the auxiliary equationsfer
sonal unit root tests to the monthly mean air temperatur® dgf ot s equal to zero and a set of joint tests of the hypotheses
between January 1970 and December 2013, as describedpY)airs of consecutive; that is equal to zero farfrom 3
Franses (1991), Beaulieu and Miron (1993), and Franses g9d > we also tested for two scenarios—one with a trend

Hobijn (1997). The seasonal unit root test produces a Mughy another without a trend—using the set of critical values
more accurate estimate of the temperature trend becauseeg}ﬁblished by Franses and Hobijn (1997). The model ob-
monthly data are fully utilized, with in which the 10ss of in-zineqd from the seasonal unit root analysis was used togiredi
formation is small (Nijman and Palm, 1990). monthly mean air temperatures between January 2014 and

In monthly time series, the test of the presence of multip{§ecember 2015. The accuracy of this model was assessed

unit roots cannot be accomplished by the standard augmeniggq the mean absolute error, the RMSE, and the root-mean-
Dickey—Fuller Test (Dickey and Fuller, 1981). Adfdrent square percentage error.

unit roots might exist in a monthly seasonal process due t0 14 eyaluate the UHI intensity, we compared annual and

the stochastic nature of climatic conditions, we adopted th, o1y air temperatures at the urban site and at a ruratsite
method developed by Franses (1991) and used the critical vig| Ling, Hong Kong. Correlation analyses were per-

ues suggested by Franses and Hobijn (1997). Specificaly, {§med between annual mean air temperature data, popula-

test for the presence of seasonal unit roots was based ondh§ cpp urban land use. and energy use.

following auxiliary regression (Franses, 1991): ’ ’ '

O(B)Yst = pit +m1Y1t-1+T2Y21-1 +M3Y31-1 + TaY3t-2 +
7sYat-1+ eYat-2 + 7Ys5t-1 + 718Ys51-2 + 9Ye -1 +
T10Y6t-2 + 11Y71-1 + M1Y70-2 + €t 1)

3. Resultsand analysis

3.1. Urban temperature trend

. . , & Figure 1 shows Hong Kong’s annual mean air tempera-
whereB is the backward shift operator, in whi@ty: = yi-k e for the period 1970 to 2013. The correlation between
and(Z)(B)_ is an autor_egresswe polyn_omlal, is the constant “year” and annual mean air temperature was 0.600 and sig-
term, i 1S th_e codicient ofy;, ands is the error term. The nificant at the 0.001 level. A linear trend was identified by
autoregressive mode| was used because monthly mean,@in the OLS approach. The analyzed result shows that an-

temperature depends on the current weather condition &s VH%IaI mean air temperature increased by 0°C7410 yr) L
as the past states of the climate system. iV@lues are given ,ring this period of time. The céicient of determination,

in Eq. (2): R?, indicated that the temperature model identified using the
yit = (1+B)(1+B?)(1+B*+ By ; OLS approach explained 36% of the variance in the measured
yor = —(1—B)(1+ BA)(1+B*+ Bdy, : data, similar to other studies (Wang et al., 1990; Li et al.,

2004; Huang et al., 2009; Kataoka et al., 2009).
_ 2 4, p8y., -

y3r = —(1-B)(1+B"+ By ; Figure 2 shows that, although the variations in the
yar = —(1-BY)(1- V3B+B?)(1+B?+ BY)y; ; monthly data were quite significant (ranging from°@6in
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Fig. 1. Annual mean air temperature in Hong Kong from 1970 to 2013.
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Fig. 2. Monthly mean air temperature in Hong Kong for January—Ddwe(finom 1970 to 2013): (a) January (filled diamonds),
February (plus signs) and March (multiplication signs); April (filled circles), May (multiplication signs) and Jer(filled
triangles); (c) July (filled triangles), August (multipitton signs) and September (filled circles); (d) Octoberl{iplication

signs), November (plus signs) and December (filled diampnds

January to 29C in July), there were upward trends in alllable 1. The estimation results of seasonal models: one without a
monthly time series during the period of 1970-2013. Coftend and another with a trend.

relation analyses showed that only three sets of monthly dat

Model without a trend  Model with a trend

(August, October and November) were significantly associ-
ated with “year” at the 0.05 level (for August, with a PearVariable

Codfiicient t-statistic Coéicient t-statistic

son’s correlation cd@cient of 0.36) and at the 0.01 level (for
October and November, with a Pearson’s correlatiorficoe
cient of 0.41), respectively.

To rigorously examine the long-term stochastic trend witg/I
the seasonal phenomenon, we applied seasonal unit raot t%r-component
and included all monthly data from January 1970 to Dece”ﬂ/’lay-component
ber 2013 in the analysis. We performed seasonal unit roﬁﬁn-component
tests using the approach described by Beaulieu and MirgDl_com)onent
(1993), Franses (1991) and Franses and Hobijn (1997).

When the auxiliary equation contained a trend (or a trengep_component
was absent), seasonal components and a constant, the éfc"?—tcomponent
statistics showed that there was a unit root at zero freq“e”ﬁov-component
based on thé-statistics. Besides, was significantly dier-
ent from zero at the 0.01 level. The joiRttests of the pairs,

from m3—m4 t0 117112, rejected the presence of a unit root alR?
the 0.01 level. As suggested by Franses and Hobijn (199AgiustedR?
we conducted joint tests fa ... 712 andzs... 1, and found  Sum $quaf9d
that the results were significant. Thus, the results confirme residual
that a non-seasonal unit root existed. F-statistic

Table 1 presents the estimation results of two models: offéoP €-statistic)
without a trend and another with a trend. All ¢beients were Akaike information
significant at the 0.01 level. From the Akaike information cr S
terion, Bayesian information criterion, and Hannan—Quinf@yesian informa-
information criterion, the model with a trend showed a bette )
ability in minimizing the information loss. This provided Hannan-Quinn

evidence of the presence of a stochastic linear trend in theformation

Constant 16.075 107.919  15.713 97.038
Trend 0.0014 5.097
eb-component 0.595 2.827 0.594 2.887
ar-component 2.927 13.896 2.924 14.215
6.470  30.716 6.466 31.430
9.841  46.716 9.835 47.805
11.880 56.394  11.873 57.707
12.677 60.181  12.669 61.577
Aug-component 12.436 59.037 12.427 60.399
11.586  55.002 11.575 56.260
9.282  44.062 9.269 45.051
5.518  26.196 5.504 26.751
Dec-component 1.784 8.469 1.769 8.596
0.957 0.959
0.956 0.958
503.742 479.554
1049.377 1010.654
0.000 0.000
2.836 2.791
criterion
2.933 2.896
tion criterion
2.874 2.832

. . . . L criterion
series. The cd#cient of determinationR2, which indicates
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how well the model fits the measured values, was 0.959. immean air temperature was 0.269(10 yr)* [or 0.174C

other words, the temperature model obtained from the s€&0 yr)~! using annual data] in Hong Kong, which was higher

sonal unit root analysis explained 95.9% of the variance than the increase in global mean air temperature fCX30

the measured monthly data—much higher than that of the~! using the data from 1956 to 2005, or 02G7(10 yr)*

model obtained using the OLS approach with annual mebatween 1906 and 2005 due to global warming] (IPCC, 2007;

air temperature data. Ye et al., 2012). The seasonal unit root model of mean air
Table 1 shows that the cfigient of trend was significant temperature in Hong Kong is given in Eq. (3):

for the model with a trend. The results showed that mean

air temperature changed with respect to time by accounting!t = 127126+ 0.5941r2+2.9245t3+ 6.466214 +

for the fluctuation of temperature due to the seasonal phe-  9.8353r5+ 11872516+ 12668817+ 12426515+

nomenon. In other words, time is an important determinant of 115759+ 9.2692r19+ 5.504 111+ 1.7686712+

mean air temperature. The d¢beient of trend was obtained 0.0014 3)

based on monthly data. Thus, mean air temperature increased ’

by 0.0014045C (monthy?! [or 0.169C (10 yry!]. This whereTtis mean air temperature in monthr, = 1 when

trend was not noticeable in normal statistical analysistduen = t + 12k, in whicht is the number of the month from Jan-

the variance of monthly temperature data. However, after aary 1970,k = 0,1,2,...; while =, = 0 for all others. The

counting for the variances due to the seasonal componentssficients ofr values were obtained from Table 1.

our econometric testing results revealed and confirmed such Figure 3 shows the measured mean temperature versus

an impact of time on temperature. In summary, the changeedicted temperature using the seasonal unit root model

= 2= ) R?=0.0029
S 30 R 0.959% g 30
< . o
y (a) +“& 5 (b
8 25 AFE 2 25
] ,
2 sa g T
2 il ®
« 20 s 20
‘a . 00’&’%0‘ 7]
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Fig. 3. The measured mean air temperature versus the predictedainéamperature in Hong Kong (1970-2013), based on (a)
the seasonal unit root model, (b) the OLS model using momtats, and (c) the OLS model using annual data.
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Fig. 4. The predicted monthly mean air temperature using a detestigitrend with seasonal components versus the
measured monthly air temperature, in Hong Kong (Januar® 1®December 2013).

based on monthly data, using the OLS model based ol —~ 35qg

monthly data, and using the OLS model based on annual dat: 3"_’, N
This figure demonstrates that the overall accuracy of the for @

mer model was better than that of the latter models. Rhe
values showed that the model obtained from the seasonal ur
root analysis was able to explain 95.9% of the variance in
the measured monthly mean air temperature data, while th
model obtained using OLS was only able to explain 0.29% -
of the variance of the measured monthly mean air tempera
ture data. The model obtained using OLS based on annu:
data was able to explain 36% of the variance of the measure
annual mean air temperature data.

Figure 4 shows the measured and predicted monthly ai
temperatures from 1970 to 2013. It demonstrates the supe &
rior performance of using the seasonal unit root model to re:
generate the measured monthly mean air temperatures fro

January 1970 to December 2013. Measured mean air temperature (°C)

25.00

temperatu

20.00

air
.
.

15.00

ted mean
®

IC

ed

10.00
10 15 20 25 30

3.2. Prediction of monthly mean air temperature using Fig. 5. The measured mean air temperature versus the predicted
the seasonal model mean air temperature in Hong Kong (January 2014 to December
Equation (3) was used to predict the monthly mean air2015).
temperature from January 2014 to December 2015. Figure
5 shows the predicted mean air temperatures and the m@éafang et al., 1990; Camilloni and Barros, 1997; Li et al.,
air temperatures recorded at the Hong Kong Observatory2804; Chan et al., 2012; Debbage and Shepherd, 2015; Hu et
Tsim Sha Tsui. The correlation between the predicted aall, 2016). The dferences between these two time series are
the measured values was 0.989, while the mean absoluteagtributed to the #ect of the UHI. Unfortunately, nearly all
ror, the RMSE, and the root-mean-square percentage emual stations were established in Hong Kong after the mid-
were 0.659C, 0.862C and 4.2%, respectively. Hence, thd980s, and some rural areas have been converted to devel-
results confirmed that the seasonal unit root model of mgntldped areas with suburban or urban land-use (Leung et al.,
mean air temperature has a high predictive power. When @2@07; Chan et al., 2012; Siu and Hart, 2013). The measured
OLS model based on monthly data was tested, the correlat@ntemperatures at Hong Kong's island stations, such as Che
between the predicted and the measured values was 0.24ig Chau and Waglan Island, have been found to have been
while the mean absolute error, the RMSE, and the root-meanbstantially modulated by temporal variations in tempera
square percentage error were°€55.04C and 25.1%, re- ture of the near-shore waters (Leung et al., 2007). Hence,

spectively. annual mean air temperature and monthly mean air temper-
ature data recorded at Ta Kwu Ling were taken as those for
3.3. UHleffect the rural station (Leung et al., 2007). Figure 6 shows the dif

Generally, the UHI is characterized by comparing aference between the annual mean air temperature at the urban
temperatures recorded at an urban site and a rural station, i.e., Hong Kong Observatory at Tsim Sha Tsui, and
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Fig. 6. Annual mean air temperature at an urban site (diamonds) andlssite (squares) in Hong Kong
(1970-2015). Note that air temperature was recorded attine $ocation of Ta Kwu Ling (rural area)
after 1988, and that the annual and monthly mean air tempeggat Ta Kwu Ling for the year 2015
had not been released by the Hong Kong Observatory at theofimgting.

that at the rural station, i.e., Ta Kwu Ling, between 1989 arahd has anféect on ambient temperature—patrticularly in a
2014. It can be seen that the annual mean air temperatouédt environment such as Hong Kong. However, the impact
at the urban site was 0.808 (standard deviation: 0.230) of energy use on air temperature is a complex phenomenon.
higher than that of the rural site. Not all the consumption of primary energy will eventually
Monthly mean air temperature data at Ta Kwu Ling bearansform in to thermal energy in air. For example, Hong
tween January 1999 and December 2014 were obtained friiong’s power plants have an overaffieiency of about 34%.
the database of the Hong Kong Observatory. It was fouhaother words, about/3 of fuel energy in the power plant is
that the distribution of dferences between the monthly aiconverted to electrical energy an8af fuel energy is wasted
temperature at the urban site and that at the rural site dangferough mechanical loss, transmission loss, waste heat dis
between 0C and 2.9C, with a mode of 0.50C-0.75C. Re- charged to the atmosphere through stack gases, and waste
sults showed that the fiierence between the monthly meamheat discharged to the air and sea through the cooling water
air temperature at the urban site and that at the rural sittcondensers (Erdem et al., 2010). Within the urbanizea are
was greater during the winter months, with an average of Hong Kong, the use of electricity, gases (including lique
1.38°C for November, 1.88C for December, and 1.8C for fied petroleum gas and town gas), motor gasoline by private
January. This phenomenon has also been observed in magticles, and diesel oil by buses, trucks and industridébmi
land China (Wang et al., 1990), Seoul (Kim and Baik, 2002)ill cause an increase in the amount of waste heat discharged
Alaska (Hinkel et al., 2003), and Hong Kong using quafrom chillers, boilers, flue gases, etc. Hence, the use akthe
terly data (Chan et al., 2012). Monthly mean air temperésrms of energy was included in this study. Data were ex-
ture was found to be on average 0.86%standard deviation: tracted from Hong Kong'’s energy end-use reports published
0.538C) warmer at the urban site than at the rural site durifyy the Hong Kong Electrical and Mechanical Services De-
the period of January 1999 to December 2014. partment (HKEMSD, 2005a, b). Figure 7d shows the use of
) energy in terajoule (TJ) for the period 1984—-2013.
3.4. Population, GDP, urban land use, energy use, andan-  gigyre 8 presents scatter plots of annual mean air temper-
nual mean air temperature ature versus Hong Kong’s population, annual mean air tem-
Figure 7a shows that Hong Kong's population increasgerature versus Hong Kong’s GDP, annual mean air temper-
from 4.0 million in 1970 to 7.3 million in 2015.Figure 7bature versus Hong Kong’s urbanized area, and annual mean
shows that Hong Kong’s GDP increased from HKD 195.2ir temperature versus the total energy use in Hong Kong.
trillion to HKD 2246.4 trillion during the same period of Trend and correlation analyses show that there was a moder-
time. Figure 7c shows the urbanization of Hong Kong bete and significant relationship between annual mean a# tem
tween 1970 and 2015. Data were compiled from reports pérature and Hong Kong’s GDRRY = 0.3746; p < 0.001),
the Hong Kong Buildings and Lands Department (on or band moderate (slightly stronger) and significant relatiips
fore 1989) and the Hong Kong Planning Department (frobetween annual mean air temperature and Hong Kong'’s pop-
1990 onwards). The use of energy will definitely lead to amation (R? = 0.4244; p < 0.001), between annual mean air
increase in air pollutants (To et al., 2012; To, 2014, 201%gmperature and Hong Kong’s urbanized ai@a= 0.4319;
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