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Abstract: Employing remote sensing method to interpret the building volumetric ratio and aerosol status in
Guangzhou, China. The relation between them and identified characteristics of their spatial distribution was
analyzed. Results showed that building density and aerosol status are strongly correlated. It is indicated that the
resistance of building to aerosol diffusing is one of factors influencing air pollution in urban area. On the basis of
calculated results, building voluminous ratio of 5.6 is taken as the threshold impacting on aerosol diffusing, so the

building voluminous ratio of Guangzhou should be limited to less than 5.6 in order to alleviate air pollution.
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Introduction

The aerosol above an area s a major indicator of air
pollution. The density and the thickness of aerosol are
influenced by either air pollutant discharged from urban or
aerosol diffusing feasibility. Tt is impaortant to study aerosol
diffusing while clarifying the processes of air pollutions in
uthan. Remote sensing has directly obtained some data of the
land surface, so it is an effective tool to monitor ecosystem
{Alex, 2002; Ni, 1999; Zhang, 2001 }. With the satellite
being improved and the techniques of remote sensing
applicalion being developed, the remotely sensed data has
been used to solve some ecological ﬁroblems on urban scale
{ Wang, 1999 ).

achievements such as using remote sensing to identify water

Nowadays, we have known many
pollution ( Chen, 2000) and to design ecological plan in
urban area{ Wang, 2000; Zeng, 1997; Wang, 1997). Our
work s different from these examples. We choose
Guangzhou, as a case study, interpret the spatial information
ol the aerosol and building volumetric ratio{ BYR) based on
remotely sensed data ETM® on November 1, 2000, and
showed the connections between the aerosol density and
BVR. Subsequently, we concluded that the buildings in

wban area are resistance io aerosol diffusing.
1 Interpreting aerosol

1.1 The principle

Aerosol is solid or liquid particles floating in air. Il
reflects and to scalters electromagnelic wave. If the incident
atmospheric radiation is ignored , the radiative transfer models
may be written in a very simple way:

L,=L +r,x1L_, (1)
where L, is the radiance as measured by satellite, L, is the
radiance reflected and scatiered by atmosphere, 7, is the
atmospheric transmittance, and L, is the ground radiance.

Obviously, L, and r, are strongly correlated to aerosol density

and thickness, so the radiative transfer model, Eq. (1), can
be transferred to the formula relevant to aerosol status:

L, = flA) x L. (2)
where f ( A ) represents the aerosol function, After

atmospheric  correction, the atmospheric  influence is
alleviated to some extent, and then f(A) is reduced to f'
{A). Therefore, Eq, (2) is writen as:

L, = f'(A) x L, (3)
where L', is the radiance measured by satellite after
atmospheric correction. Continuously, we define the ratio
beiween band 1 and band 4 of ETM™ before atmosphenc
correction as L,, , and define the ration between band 1 and
band 4 after atmospheric correction as L, then combining

Eqs. (2) and (3), L, and L, are given as follows:

f{fl|> x -L'g] ﬂ 7
L““ = m:—)—-x—z—g: = f(VA) x Lg‘, (4)
FCAD % Ly L,

L= = P T ox g O

where the suffix 1 and 4 respectively refer to band | and band
4. Consequently, the diverge AL between L, and L, is
given below:
AL =L, - L, = [AIV,) -7 (Vilx
i‘gl Lgl
Q:Af(v,J‘XL—SA. (6)
Tt is known that the pixel radiances within the same type
of land surface are close. We can use the ratio between two
bands to reduce the radiative difference among pixels. As
result, in Eq. (6), we can assume the L, /L, is similar
within one type of land surface. Finally, we define aerosol
index as:
AL
Lo = AL, '

inthe Eg. (7), L. presents Aerosol Index, AL presents

(7)

diverge between L, and L, in the region where there is

aerosol, and AL, presents diverge between L, and L in the
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standard region that take as clear atmosphere reference.
Thus, according to Eq. {6), Eq. (7) is transferred to the

formula:

AV
index — Afg((VJ)

ClEis) o

in the two equations above, the suffix st means the variables

L X A, (8)

are for the standard region. In this paper, our task is to
research urban buildings resisting effect to aerosol diffusing,
so we assume land surface properties are similar in urban
area. Therefore, in Eq. (8), A is close to 1 and L, is
mainly determined by Af(V ,)/Af,(V ,). I is reasonably
recognized that L, mainly shows the relative difference of
aerosol status. Since we require the spatial distribution of
relative grades of aerosol in our study rather than precise
density or thickness of aerosol, L, is accurate enough to
satisfy our application .
1.2 The procedure

The flow chart of interpreting aerosol is shown in Fig.1.
The studying steps are: (1) The ETM" data is divided into
two groups. One group is corrected by atmospheric correction
method, Dark Substraction ( Hao, 1999), and its ratio L
between band 1 and band 4 is calculated. Another group ratio
L., between band 1 and band 4 is also calculated, but not
corrected by atmospheric correction. (2) The diverge AL
between two groups L., and L, is obtained. (3) Taking clear
air as the standard AL,, we calculate the aerosol index
L.+ While calculating the aerosol index L, , we take the

clean air above the urban region near Liuxihe Reservoir as
standard AL, .

|Atmospheric cnneclionl

¥
L., = Band 1/Band 4
" an o L. = Band 1/Band 4
J
LQL = L,- L]
{

Lingex = ALIAL, |

”*" ETM* data -
\

Tanking clean air
as standard AL

‘The map of aerosol index dislribulionJ

Fig.1 The flow chart of obtaining aerosol

2 Interpreting the urban area

As described in preceding paragraph, interpreting the
urban is essential for obtaining aerosol index and making it
comparable. The flow chart adopted in our work to
distinguish the urban class from other land cover classes is
given in Fig.2. Our work steps are: (1) While ETM™ 6
bands{band 1, band 2, band 3, band 4, band 5, band 7)
are atmospherically corrected, they are transformed by
principle components analysis. The first principle component

ref)fresents light, and the second principle component

represents vegetation and water. (2) Some regions covered by
building, water or vegetation, they are chosen to give their
statistics. {3) Making use of the these statistics, the model
is inferred to interpret all regions covered by building as the
minus the second principle

first principle component

component :

P = PC, - PC,(when PC, - PC, > 0), (10}
where P is the regions covered by building, PC, is the
matrix of the first principle component, and PC, is the matrix

of the second principle component.

ETM™* 6 bands
y

Atmospheric (:urreclionl

v Choosing the
[rincipe componets analyi]————|reion covesed by ——,
l building Obtaining
The model interpreting statistic

-

<—|region covered
by building

Obtaining information of
ng

regions covered by buildi

|0btaining the new X,ﬂ

Fig.2 The flow chart of obtaining the land covered by buildings in urban,

To summarize, we extracted the urban class from other
land cover classes by means of method described above, and
took this urban class as the study region. As the
consequence, we obtain the spatial distribution of relative
aerosol difference in the region of Guangzhou (Fig.3a) by

using model (7) addressed in Section 1.

1.0 1.5 2.0 0 6.5 13

Fig.3 Using remate sensing to obtaining aercsol and BVR (part)

3 Interpreting building volumetric ratio

Building volumetric ratio{ BVR), which represents the
number of building in urban, means the total built-up area
per spatial unit. We give the model as Eq. (11) to retrieve

BVR with remotely sensed data. _
ﬁ H x b7

B = — "
= S 3

c

(11)

We assume the building combined with nearby small
buildings which we define as Building Unit. So H" in Eq.
(11) is the height of building unit, &  is the length of
building unit top’s side, and N’ is the number of building
unit. S, is the area occupied by N’ building units, which

includes the area of building fundament and the building
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accessories. While retrieving N with remotely sensed data,
we regard S_ as a pixel area. Because we utilize ETM' data
in our work and its pixel is 30 m by 30 m, S, is equal to 900
m’ . After surveying the condition of building in Guangzhou,
we determine that H, b’ and A" are 10 m, 10 m and 3 m
respectively. model
( Research System Inc; Li, 1986; 1992) -and boolean

regular, N’

According to  Geometrical-optical

in Eq. (11) can be transferred as follow

equation :
_N’(h’z‘f-b'fﬂ'xlg@)
Ps =€ i X 0, +
b’ b x H x tgh
(?x Ob +% xp,)x N, (12)

where p, is the land surface reflectance, p, is the reflectance
of unlighted building surface, p, is the reflectance of lighted
building surface, and p, is the reflectance of shadow. All of
these parameters can be directly obtained from remotely
sensed data. & is the solar zenith angle deriving from the
time of satellite passing Guangzhou.

BVR in Guangzhou was calculated with Eq. (12) and
shown in Fig.3b. We check up the BVR against Guangzhou
digital map(1:10000), the accuration up to 81 % means that

the result is satisfactory.

4 The analysis of urban building resistance to
aerosol diffusing

4.1 The relationship between aerosol and BVR

It is easy to understand from Fig. 3 that the spatial
distribution of the aerosol and BVR is consistent. Besides,
Fig.4 presents the condition of aerosol index and BVR at the
same transect in Guangzhou, from which we can identify that
aerosol index is consistent to BVR. In order to give how
much is the resistance of building density to aerosol

diffusing, we calculate the correlation index between aerosol
index and BVR by:

o, = Cov(X,Y) (13)
o X Oy
where
-lsp., <l
and

Cov(X,Y) = %E(xi - pu )y - ).

i=1

Where p, , p, are standard deviations, g, , #, are means, and
X, Y is respectively matrix of Aerosol Index and BVR. We
obtained the correlation index between X and Y by Eq.
(13), which is equal to 0.72. We believe that the building
density actually influences the aerosol diffusing. The more is
the number of buildings, the greater is BVR . Higher building
density has stronger resistance to air flowing, so the aerosol
diffusing is often weaker in the region of greater BVR.
4.2 The relationship between aerosol index and BVR
grade

Dividing the BVR in Guangzhou into 5 grades: <2.8,
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Fig.4 The condition of aerosol index and voluminous

ratio of building on the same transverse section

2.8—5.6, 5.6—8.4, 8.4—11.2 and
calculated aerosol index means of every BVR grade(Fig.5).

> 11.2, we

From Fig. 5 the relations between aerosol index and BVR
grades are found: (1) Most pixels whose BVR is < 2.8 fall
in the scope where aerosol index is < 1.2, i.e. there is little
aerosol. (2) Most pixels whose BVR is in 2.8—5.6 fall in
the scope where the aerosol index is in 1.2—1.4. This
feature showed that the aerosol in urban is enhanced while
BVR increasing. (3) Most pixels whose BVR is > 5.6 fall
in the scope where the aerosol index is about 1.6. This
feature shows the air quantity is still serious. (4) The
curves’ feature of BVR grades: 5.6—8.4, 8.4—11.2 and
> 11.2, indicated that although the BVR grades increase,
their scopes of aerosol index do not change, meaning that air
quantity does not become more serious. For these reasons,
BVR equal 5.6 should be reégarded as the threshold in which
the building in Guangzhou is an obvious resistance to aerosol

diffusing.
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Fig.5 The spatial statistic of aerosol index
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5 Conclusions

The air pollution in urban is resulted from human
activities. Efforts are usually devoted to pollution sources
controlling. However, it is not ignorable that the urban land
surface, especially the urban building, is a resistance to
aerosol diffusing. After applying remote sensing methods to
study the aerosol status and BVR in Guangzhou, here are
conclusions: (1) The BVR in urban and the aerosol status in
urban is strongly correlated, it is proved that the buildings
density is resistance to aerosol diffusing. (2) BVR equal to
5.6 is the threshold in Guangzhou. When BVR is lease than
5.6, the building does not affect on aerosol diffusing. When
BVR is more than 5.6, the building resists aerosol diffusing
obviously. Therefore, limiting the build density is helpful 1o
alleviate air pollution.

Although our work has shown that remote sensing is an
effectual tool to disclose ecological problems on the urban
scale, there are shortages in our work . Relative difference of
aerosol is used to analyze the aerosol status and land surface
influence is not theroughly ruled out by the approach of
interpreting aerosol. In addition, utilizing ETM" data of one
time period and lacking of meteorological data of long time
series, it is impossible for us to study urban aerosol status by
combining meteorological method and remote .sensing
technology .
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