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Abstract

Mapping to forecast the air pollution concentration in Da Nang city is an urgent issue for ~ Nhan 01.08.2018
management agencies and researchers of environmental pollution. Although the simulation of ~ Puoc duyét 10.10.2018
spatial location has become popular, it uses the classical interpolation methods with low Congbo  25.12.2018
reliability. Based on the distribution of air quality monitoring stations located in industrial

parks, residential areas, transport axes... and sources of air pollution, the application of

geostatistical theories, this study presents the results of the Cokriging's interpolation selection

which provides forecast results of air pollution distribution in Da Nang city with high reliability.

In this article, we use the recorded TSP concentrations (one of major air pollution causes at ~ Keywords

large metropolis) at several observational stations in Da Nang city, employ the Cokriging  Air pollution,
interpolation method to find suitable models, then predict TSP dust concentrations at some  geostatistics, Cokriging,
unmeasured stations in the city. Our key contribution is finding good statistical models by  variogram

several criteria, then fitting those models with high precision.
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pollution concentration at some unmeasured stations in the
city.

Globally the use of mathematical models to solve the
problems of pollution has started since 1859 by Angus
Smith who used to calculate the distribution of CO,
concentration in the city of Manchester under Gauss's

1 Introduction

Air pollution is an issue of social concern both in Vietnam
in particular and the world in general. Transportation
increases, air pollution caused by industrial factories
increasingly degrades environments quality, leads to severe

problems in health for local inhabitants. The building of air
quality monitoring stations is not essential, but also difficult
because of expensive installation costs, no good
information of selected areas for installation in order to
achieve precise results.

According to the Center for Monitoring and Analysis
Environment (Da Nang Department of Natural Resources
and Environment), network quality monitoring air
environment of Da Nang has 15 stations observation in the
city and 9 stations in the suburban area. However, with a
large area, the city needs to install more new monitoring
stations. The cost to of installing a new machine costs tens
of billions, and the preservation is also difficult. Therefore,
the requirements are based on the remaining monitoring
stations using mathematical models based to predict air

https://doi.org/10.55401/1yjq2p44

mathematical methods [1].

The ISCST3 model is a Gaussian dispersion model used to
assess type the impact of single sources in the industry in
the USA. The AERMOD model of the US EPA is used for
polluting the complex terrain. The CALPUFF model was
chosen by the USA to assess the impact of industry and
transport.

In Vietnam, the modelling methods used the more common,
especially in the current conditions of our country. The
tangled diffusion model of Berliand and Sutton was used by
Anh Pham Thi Viet to assess the environmental status of
the atmosphere of Hanoi in 2001 by industrial discharges
[2]. In 2014, Yen Doan Thi Hai has used models Meti-lis to
calculate the emission of air pollutants from traffic and
industrial activities in Thai Nguyen city [3].
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2 Study area

Sources of air pollution are diverse. In the Da Nang city
areas, main sources of pollution pressures include traffic,
construction and industrial activities, peoples daily
activities and waste treatment. The study area is Da Nang
city in South Central of Vietnam. It is located between
15°15-16°40" northing and 107°17'-108°20" easting and the
area has more than 1285 km® (2018). Da Nang city has
more than 1.2 million people (2018). Fig. 1 shows the study
area. The city has a tropical monsoon climate with two
seasons; a typhoon & wet season from September to March
and a dry season from April to August. Temperatures are
typically high, with an annual average of 25.9°C (78.6°F).
Temperatures are highest between June and August (with
daily highs averaging 33 to 34°C (91 to 93°F)), and lowest
between December and February (highs averaging 24 to
25°C (75 to 77°F)). The annual average for humidity is
81%, with highs between October and December (reaching
84%) and lows between June and July (reaching 76-77%).
The main means of transport within the city are motorbikes,
buses, taxis, and bicycles. Motorbikes remain the most
common way to move around the city. The growing
number of cars tend to cause gridlock and contribute to air
pollution.

With the rapid population growth rate, the infrastructure has
not yet been fully upgraded, and some people are too aware
of environmental protection. So, Da Nang city is currently
facing a huge environmental pollution problem. The status
of untreated wastewater flowing directly into the river
system is very common. Many production facilities,
hospitals and health facilities that do not have a wastewater
treatment system are alarming.

Fig. 2 shows the geographical location of the monitoring
stations. The coordinates system used in Fig. 2 is Universal
Transverse Mercator (UTM).

3 Materials and Methods

The dataset is obtained from monitoring stations in Da
Nang city with these parameters NO,, SO,, O3, PMyq, TSP.
Fig. 2 shows the map of monitoring sites in Da Nang city.
The dust TSP data of passive air environment measures 15
stations in March 2016, and NO, is secondary parameter
(see Table 1). | applied a geostatistical method to predict
concentrations of air pollution at unobserved areas
surrounding observed ones.
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Figure 1 Passive gas monitoring map in March 2016,
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Figure 2 Map of monitoring sites in Da Nang city

Table 1 dust TSP data of passive air environment in march 2016

. TSP NO,
Station X(m) Y(m) (mg/m®) | (mg/m?)
K2.3 | 845082.06 | 1780101.3 | 97.72 10.4
K7.3 | 843233.37 | 1776852.5 | 47.93 4.78
K8.3 | 840256.93 | 1778955.3 | 123.14 23.81
K11.3 | 843530.12 | 1779984.8 | 85.76 2.89
K15.3 | 839559.87 | 1778409 141.69 15.96
K17.3 | 839865.77 | 1778647.6 | 144.57 19.1
K18.3 | 834852.86 17812339 | 87.48 7.41
K36.3 | 847106.62 | 1783482.4 | 134.1 7.47
K40.3 | 843099.01 | 1773990.6 | 228.57 28.83
K43.3 | 844207.66 1778333 80.98 8.06
K45.3 | 841352.01 | 1772590.8 | 80.15 9.41
K49.3 | 826374.61 | 1786244.3 | 37.38 4.76
K50.3 | 829185.3 | 1770283.4 | 40.22 3.91
K51.3 | 836368.4 | 1770587.8 90.9 8.01

K52.3 | 832536.3 | 1779530.6 @ 67.11 8.2

The main tool in geostatistics is the variogram which
expresses the spatial dependence between neighbouring
observations. The variogram can be defined as one-half the
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variance of the difference between the attribute values at all
points separated by has followed [4]:

v(h) = RV IZ(s) — (s + b )

where Z(s) indicates the magnitude of the variable, and
N(h) is the total number of pairs of attributes that are
separated by a distance h.
Under the second-order stationary conditions [5], one
obtains:
E[Z(s)]=n

and the covariance:

Cov[Z(s), Z(s+h)] = E[(Z(s) —m)(Z(s + h) — )]

= E[Z(s)Z(s+h) - p?] @)
=C(h)

Then Var[Z(s)] = C(0) = E[Z(s) — u]?

v(h) = % E[Z(s) - Z(s+h)]* = C(0) - C(h)

The most commonly used models are spherical,
exponential, Gaussian, and pure nugget effect (Isaaks &
Srivastava,1989) [6]. The adequacy and validity of the
developed variogram model is tested satisfactorily by a
technique called cross-validation.

Crossing plot of the estimate and the true value shows the
correlation coefficient R%. The most appropriate variogram
was chosen based on the highest correlation coefficient by
trial and error procedure.

Kriging technique is an exact interpolation estimator used
to find the best linear unbiased estimate. The best linear
unbiased estimator must have a minimum variance of
estimation error. We used ordinary kriging for spatial and
temporal analysis, respectively. Ordinary kriging method is
mainly applied for datasets without and with a trend,
respectively.

The general equation of linear kriging estimator is

n
2s0)= ) wiZ(s) ©)

i=1
In order to achieve unbiased estimations in ordinary kriging
the following set of equations should be solved

simultaneously.

ZWiY(Si ,$j)—r=7(s0.5i)
i1

n
St
i=1

where Z(SO) is the kriged value at location sy, Z(s;) is the

known value at location s;, w; is the weight associated with
the data, A is the Lagrange multiplier, and y(s;, s;) is the

(4)

value of variogram corresponding to a vector with origin in
si and extremity in s;.

In fact, we can also use the multiple parameters in the
relation to each other. We can estimate certain parameters,
in addition to information that may contain enough by
itself, one might use information of other parameters that
have more details. Cokriging is simply an extension of
auto-kriging in that it takes into account additional
correlated information in the subsidiary variables. It
appears more complex because the additional variables
increase the notational complexity.

Suppose that at each spatial location s;, i=12,...,.n we

observe k variables as follows:
Zy(s1) Zy(s2)L Zy(sp)
Zy(s1) Zo(s2)L Zy(sp)
L L L

Z (31) Zk (s2)L Zk(sn)
We want to predict Zy(Sp), i.e. the value of variable Z; at
location s,.
This situation that the variable under consideration (the
target variable) occurs with other variables (co-located
variables) arises many times in practice and we want to
explore the possibility of improving the prediction of
variable Z; by taking into account the correlation of Z; with
these other variables.
The predictor assumption:

k n
Z4(sp) = Zzwjizj(si) =Wy1Zy(81) +L

=L -1

5

+WinZy(Sp) +Wp1Z5(81) +L +WonZ5(sy) ©®)
+ L L +

Wi Z (S) +L +Wyn Zy (Sp)

We see that there are weights associated with variable Z;
but also with each one of the other variables. We will

examine ordinary cokriging, which means that
E[Z;(si)] = n; forall jand i. In vector form:
E[Z1(s)] M
E[Z,(s
E[Z(s)] = [Z2()] | _ | m2 ©)

M M|
E[Z ()]) \n
We want the predictor Zl(so) to be unbiased, that is
E[Z,(sp)] = 1y . We take expectations of (5)
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k n
EZi o)l = ) Y WiElZi(s)]

=1 =1
=W E[Zy (sp)]+L +winE[Z4(8p)]
W E[Z;(s)]+L +WonE[Z5(sp)] ()
+ L L +
Wit E[Zy (s)]+L + Wi E[Zy (sp)]
and using (6), we have

E[Z1(50)] = Wygny +L +Wynpy +Wogpp +L +Wou,
+ L L wigu L Wi ®)

n n n
= Zwliul +ZW2iH2 +L +2Wkiuk =
|=1 |=1 |:1

Therefore, we must have the following set of constraints:

n n n
Zwli =1 ZWZi =0L, Zwki =0 (9)
|=l |=1 I:l

As with the other forms of kriging, cokriging minimizes the
mean squared error of prediction (MSE):

min o7 = E[Z(5o) ~ 21 (so)I*
or

k n
min o2 ~E[Z3(s0)~ »_ Y wiZis)IF  (10)

j=1 =1
subject to the constraints:

n n n
ZWli =1 ZWZi =O,L s Zwki =0 (11)
i=1 i=1 i=1

For simplicity, lets assume k = 2, in other words, we
observe variables Z; and Z, and we want to predict Z;.
Therefore, from (10) (with k = 2) we have

min of = E[Z4(50)~ ) _wiZa(s)~ ) WaiZo(s) (12)

i=1 i=1

n n
From (9), we have 0= ZWZi = ZWZiuz . Let's add the
i=1 i=1

n
following quantities: —u1+u1+ZW2iu2 on (12), we

i—1
have:
n n
min o5 = E[(Z;(so) _Zwlizl(si)_ZWZiZZ (i)
=) i1
0 (13)
— gt ZWZiuz]z
i-1
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or

min of = E[(Z1(5o) ~1)~ ) wiilZa(5)) 4]
i=1 (14)

D walZo(s) -kl
i=1

We complete the square (14) to get:

[Z4(s0) ~m]? - ZZ W1i[Z1(S0) — e 1[Z4 () — 4]

i=1

23 wyilZy(50) - l[Za(51) - o]

i=1

+ZZW1iW1j[Zl(Si)—Ml][zl(sj) —] (15)

i=1 j=1
+ZZW2iW2j[ZZ (i) —m21[Z2(sj) —m2l
i=1 j=1
2Ly wilZi(s) -~ D) wailZo(s) kol
i=1 i=1

It can be shown that the last term of the expression (15) is
equal to:

2 wylZaE) -l WalZo6) -z
i=1 i=1

IR cAC R [ ACH S

i=1 j=1
Find now the expected value of the expression (15):

(16)

min EZ3(50) — 1 ~2.) " wiiELZ1(5o) ~ ][4 5) —pu]
i=1

—ZZ Wi E[Z;(Sp) = 1[Z (57) — o]

i=1

n_n (17)
P W L2y 5) - w2 (5 -]

i=1 j=1

I = cACIE AR

i=1 =1

2wy EIZ 1) - llZo () - o)

i=1 j=L
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We will denote the covariances involving Z; with C,4, the
covariances involving Z, with C,,, and the cross-covariance
between Z; and Z, with Cy,. For example:

ClZ4(50). Z41(50)] = C11(S0.50) = C11.(0) = of
ClZy(s0), Z1(s)] = C11(s0,5i)

ClZy(si), Zy (1)1 = Cp1(si.55)

ClZ1(si). Z(s)] = Cpa(si.8§)

ClZ1(s0): Z2(sj)1 = Cy2(S0.5i)

ClZ5(si), Z1(s)] = Ca(si.s)

ClZ5(si), Z2(s))1=Cna(si.s))

The expectations on (17) are the covariance.
Finally, with the Lagrange multipliers we get:

n n
min of - Zzwlicll(soisi)_ ZZWZiCIZ (S0.5i) +
i1 i1

n n n n
Zzwliwljcll(si Sj) +ZZW2iW21‘sz(Si Sj)+

il L ) (19)

n n n
ZzzwliWchlz(Si ,Sj)—ZM[ZWu -1]
i1

i=1 j=1

-2} [Z Wi —0]
i1

The unknowns are the weights wq,Wio,...,w1, and
Wy1,Wpo,...,Wo, and the two Lagrange multipliers 4, andA,.
We take the derivatives with respect to these unknowns and
set them equal to zero.

(18)

n
_2C11(50,Si ) + ZZwlen(si ’Sj)

=1
] J (20)
+2Zw2jc12(si,sj)—2xl=o,Vi=1 ..... n
=1
n
—2Cy5(Sg,Si) + ZZWZjCZZ (si.sj)
= (21)

n
+22W11-021(si $)=20p =0, Vi=1..,n

j=1
n n
Zwli :1,szi =0
i=1 i=1

Put

C1(81,81) L Cya(51,8p)
[Cil=|M M M
C11(n,s1) L C11(Sn,Sn)
Cip(s1,81) L Cpo(81,8n)
[Cro]=| M M M
C12(Snlsl)L ClZ(Sn'Sn)
Co1(s1,81) L Copa(s1,5n)
[Cul=|M M M
C21(Sn,51)L C21(Sn!sn)
Coa(s1,81) L Cpa(81,5n)
[Cp]=|M M M
Co (s s1) L Cop(spssn)

1 0 W1 Woq
m= o= w= 2] w2
M M M
1 0 Wip Wop
Cy1(s0,51) C12(80,51)

[C11(S0,5i)]= M 1 [Ci2(s0,51)]= M
C11(s0.8n) C12(S0,5n)

[ =1L 1); [0] =(0 0L 0)
where the matrix [1], [0] have dimensions n x 1.
We get the following cokriging system in matrix form:

[C1a][Co2 ] TT0] ) wy [C11(50,8i)]
[Ca1l[C2 ][0I || w, [C12(s0.8i)]

[ [0] 00 ||-& | 1

o] @ oo {22 0

Put
[C111[Co11AT[0] W,
[Co11[C22 101 [1] W,
om0 YTy |
[0 [ 00 )

[C11(50.8i)]
[C12(s0.,5i)]
1
0

We have Gw =c¢

where Vi=12,...,n, Cy,(h) may not be the same as Cy;(h),
h = |s; —sj|. This is because of definition of cross-
covariance: Cy(h) = E{[Z;(s) — u1][Z2(s + h) — k2 ]}

and C,,(h) = ﬁZZl(S)ZZ (s + k) — A fi,, obviously,

Coa(h) = 5B Ze()Za(s + h) = o fn
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is not necessarily equal to €, ,.

The Cokriging system is written as Gw = ¢, where the
vector w, ¢ have dimensions (2n + 2) x 1 and the matrix G
has dimensions (2n + 2) x (2n + 2). The weights will be

obtained by w = Gc.
The GS+ software
geostatistical analysis
Software, 2001) [7].

4 Results and Discussions

In order to check the anisotropy in the dust pollution TSP,
the conventional approach is to compare variograms in
several directions (Goovaerts,1997) [8]. In this study major
angles of 0°, 45° 90° and 135° with an angle tolerance of

+45° were used for detecting anisotropy.

(version 5.1.1) was
in this study (Gamma Design

used for
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Figure 4 Isotropic variogram values of NO,
Fig. 4 shows fitted variogram for spatial analysis of NO,.

Through Semi-variance map of parameter NO,, the model
of isotropic is suitable. The variogram values are presented
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Figure 3 Isotropic variogram values of the dust TSP
Fig. 3 shows fitted variogram for spatial analysis of the dust

TSP. Through Semi-variance map of parameter TSP, the
model of isotropic is suitable. The variogram values are

in Table 3.

Table 3 Isotropic variogram values of NO,

Nugge | Sill Rang r RSS

t e
Linear 54 54 19295 | 0.0 37749
Gaussian 1 57.8 | 2234 | 0.045 | 36057
Spherical 0.1 58 3010 | 0.046 | 36031
Exponetial 0.1 57.5 | 2760 | 0.041 | 36302

Fig. 5 shows fitted variogram for spatial analysis of TSP

and NO,.

Y Variograms - Cross Variate (AQI 2.2016 x NO2)

Semivariance

===

Al 32016 x NO2: Isotropic Cross Variogram

-40. 0

presented in Table 2.
Table 2 isotropic variogram values of the dust TSP

2

Nugget [Sill Range r RSS
Linear 2106 | 2499 | 19295 | 0.03 |6.02E+07
Gaussian 1 2482 | 2252 | 0.081 |5.73E+07
Spherical 1 2479 | 2930 | 0.078 |5.76E+07
Exponetial 1 2481 | 3480 | 0.07 |5.83E+07

o.on 6653 60 13307 19 1996079

Separation Distance (h)

Gaussian moedel (Co = 1.00000; Co + C = 330.00000; A0 = 1420.00; r2 = 0.07%,;
RSS = 1424178)

Isotropic | + 0 Degrees | + 45 Degrees | + 00 Degrees | + 135 Degrees

Scatter

Right-click to edit, list, print, etc. or click point for variance cloud
Figure 5 Isotropic variogram values of TSP and NO,
Through Semi-variance map of these two parameters, the
model of isotropic is suitable. The variograms values are

presented in Table 4.
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Table 4 Isotropic variogram values of tsp and NO,

2

Nugget | Sill |Range| r RSS
Linear 302 302 | 19295 | 0.0 [1539545
Gaussian 1 330 | 2460 | 0.079 |1424179
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Spherical 1 329 | 3270 | 0.076 |1433748
Exponetial 1 327 | 3510 | 0.068 1452090

Model Testing: The credible result of model selection using
appropriate interpolation is expressed in Table 5 by
coefficient of regression, coefficient of correlation and
interpolated values, in addition to the error values as the
standard error (SE) and the standard error prediction (SE

Prediction).
Table 5 Testing the model parameters
Coefflc!ent Coefﬂm_ent SE SE Prediction
regression correlation
1.026 1 0.001 0.141
Y Cross Validation (CoKriging) = e =
228.5T
% 18077
% 132.98
g 8518
37.38
37.38 10111 164.84 228.57

Estimated AQI 3.2016

Regression coefficient = 1.026 (SE = 0.001 , r2 =1.000,
vy intercept = -2.58, 3E Prediction=0.141,n=13)

Right-click to edit, list, print, etc. or use mouse to identify points.
Figure 6 Error testing result of prediction TSP

Fig. 6 shows results of testing of error between real values
and the estimated values by the model by cokriging method
with isotropic TSP parameter and isotropic NO, secondary
parameter. Coefficients of regression and the coefficient of
correlation are close to 1, where the error values is small
(close to 0) indicates that the selected model is a suitable
interpolation in Fig. 7.

¥ (CoKriging) [E=H|ECoR(Fss|
Record X-Coordinate Y-Coordinate Actual £ Estimated £ Error (E-A) =
1 245082.08 1780101.30 5772 9772 0.00
2 8543233.37 1776852.54 4793 4825 1.32
3 840255 53 1778955 33 12314 12278 -0.36
4 24353012 1779584.80 85.76 25.10 0.24
S 838559.87 1778408.00 141.69 140.87 -0.82
& 838865 77 1778547 64 144 57 14382 -0.75
7 S34852.86 1781233.91 B7.48 a7.T7 0.28
8 347106.62 1783482.41 134.10 133.20 -0.80
g 843055.01 1773550 .63 22857 22518 -3.41
10 24420768 1TTE332.97 20.98 21.42 0.44
11 S41352.01 1772590.76 20.18 20.63 0.48
12 826374 .61 1786244 25 37.38 3887 1.59
13 2259185.30 1770283.42 4022 41.73 1.51
14 8363638.40 1770587.54 5090 91.10 0.20
15 832536.30 177853061 67.11 67.92 0.81

Figure 7 Cross-Validation (Cokriging) of TSP
From Fig. 8 and Fig. 9, we see that, in March 2016 at K49.3
neighborhood has low pollution levels, due to transport and
less population density. The process of urbanization has not
developed as today. Neighborhood of K40.3 have high
pollution levels, so at this point density traffic caused high
proportion in pollution. This is one of the focal areas of the
city. It is the intersection of districts and there are many

roads with crowded transport volume. The process of

urbanization is growth.
1786244

1780924

Y(m)

1775604

1770283+
826375

T T T T T T T T
833285 840196 847107

X(m)
Figure 8 2D Cokriging Interpolation Map of TSP

AQI3:2016

Figure 9 3D Cokriging Interpolation Map of TSP

Based on the map, we can also forecast the dust
concentration in the city near the air monitoring locations
and to offer solutions to overcome. The mentioned method
of applied geostatistics to predict air pollution
concentrations TSP in Da Nang city showed that the
forecast regions closer together have the forecast deviations
as small Fig. 10, meanwhile further areas contribute the
higher deviation. Through this forecast case study using
spatial interpolation based methods and models, we can
predict air pollution levels for regions that have not been
installed air monitoring sites, from which proposed
measures to improve the air quality can be taken into
account.

WE/ Dai hoc Nguyén T4t Thanh
=, CdlhecTeuy

>
NGUYENTAT THANH



AQI3.2016 (30)

249
232
218
19.9
18.3
166
14.9
133
11.6
10.0
8.3

6.6

Figure 10 Estimated error by CoKriging method of TSP

As we can see from the forecast maps, forecast for the
region’s best results in areas affected 22990m, located
outside the affected region on the forecast results can be
inaccurate. If the density of monitoring stations is high and
the selection of interpolation models is easier, interpolation
results have higher reliability and vice versa. The middle
area represents key outcomes of computation on data. The
different colors represent different levels of pollution. The
lowest pollution level is blue and the highest is white.
Regions having the same color likely are in the same levels
of pollution.

5 Conclusion

Geostatistical applications to forecast the dust TSP
concentrations in Da Nang city gave the result with almost
no error difference between the estimated values and the
real values. Therefrom, the study showed that efficacy and
rationality with high reliability of theoretical Geostatistical
to building spatial prediction models are suitable. When
building the model we should pay attention to the values of
the model error, data characteristic of the object. We also
looked at the result of the model selection which aimed to
choose the most suitable model for real facts, since distinct
models  provide different  accuracies.  Therefore,
experiencing the selected model also plays a very important
role in the interpolation results. According to the World
Meteorological Organization (WMQO) and United Nations
Environment Program (UNEP), the world currently has 20
types of computation models and forecasts of air pollution.
The air pollution computation models include AERMOD
(AMS/EPA Regulatory Model) of the US-EPA for
polluting the complex terrain. For this data, we study only
the key parameters of pollution, and lack of many
The paper's author expresses his sincere thank to Dr. Man
NV Minh Department of Mathematics, Faculty of Science,
Mahidol University, Thailand and Dr. Dung Ta Quoc
Faculty of Geology and Petroleum Engineering, Vietnam.
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parameters such as temperature, wind, height of site... when
applying kriging interpolation to predict. In this case, the
model AERMOD (US-EPA) would not be appropriate.

Air pollution simulation of Anh Pham The and Hieu
Nguyen Duy is use the AERMOD model need a lot
parameters like wind direction, temperature, humidity,
precipitation, cloud cover... Anh Pham Thi Viet uses
tangled diffusion model of Berliand and Sutton to assess the
environmental status of the atmosphere of Hanoi in 2001 to
several parameters such as: the level of pollution, the
location coordinates, wind speed, altitude, weather [2]. In
summary, previous studies to simulate air pollution needs to
be more parameters related parts, while was not envisaged
that the application space, the data set in this paper on the
research has not performed. Within Vietnam, there are no
studies that use spatial interpolation methods as in my
article. Method of air pollution forecast that | present in this
article reflect the spatial correlation between air monitoring
stations with parameters: pollution and geographical
coordinates, which previous studies have not performed.
Finally a comparison of the proposed method with several
other methods can be made as follows. Polygon (nearest
neighbor) method has advantages such as easy to use, quick
calculation in 2D; but also possesses many disadvantages as
discontinuous  estimates; edge effects/sensitive to
boundaries; difficult to realize in 3D. The Triangulation
method has advantages as easy to understand, fast
calculations in 2D; can be done manually, but few
disadvantages are triangulation network is not unique. The
use of Delaunay triangles is an effort to work with a
“standard” set of triangles, not useful for extrapolation and
difficult to implement in 3D. Local sample mean has
advantages are easy to understand; easy to calculate in both
2D and 3D and fast; but disadvantages possibly are local
neighborhood definition is not unique, location of sample is
not used except to define local neighborhood, sensitive to
data clustering at data locations. This method does not
always return answer valuable. This method is rarely used.
Similarly, the inverse distance method are easy to
understand and implement, allow changing exponent adds
some flexibility to method’s adaptation to different
estimation problems. This method can handle anisotropy;
but disadvantages are difficulties encountered when point to
estimate coincides with data point (d=0, weight is
undefined), susceptible to clustering.
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Ung dung phwong phap ndi suy Cokriging dé dw béo chi sé chat lweng khdng khi cho nong dé bui
TSP thanh phé Pa Ning

Nguy&n Cong Nhyt”, Lai Van Phat, Bui Hung Vuong

Khoa Cong nghé thong tin, Trudng Pai hoc Nguyn Tat Thanh, Viét Nam
*ncnhut@ntt.edu.vn

Tom tat Viéc 1ap ban db dé dy doan ndng d6 6 nhidm khong khi ¢ thanh phd Da Ning 1a mot van dé cip bach ddi véi cac co
quan quan li va cac nha nghién ctru vé 6 nhidm méi truong. Mac di md phong vé vi tri khong gian da trg nén phd bién, n sir
dung cac phuong thirc ndi suy ¢ dién véi do tin ciy thap. Dua trén sy phan bb céc tram quan tric chét luong khong khi nim
trong khu cdng nghiép, khu dan cu, tryc giao théng ... va ngudn & nhiém khong khi, ang dung cac Ii thuyét dia chat, nghién
ctru nay trinh bay két qua hra chon phuong phéap noi suy Cokriging du bao 6 nhidm & thanh phé Da Néng vai do tin cay cao.
Trong bai viét nay, toi sir dung ndng do TSP dugc ghi nhan (mdt trong nhitng & nhiém khong khi chinh gay ra tai cac do thi
I6n) tai mot s6 tram quan sat ¢ thanh phd Pa Néng, sir dung phuong phap ndi suy Cokriging dé tim md hinh phu hop, sau dé
du béo nong do bui TSP tai mot sé tram khdng c6 dir liéu quan tric trong thanh phd. Déng gop quan trong cia toi la tim
kiém cac md hinh théng ké tét theo mot s tiéu chi, sau d6 tim cac mé hinh phu hop véi d6 chinh xéc cao.

Tir khoa O nhiém khong khi, dia i, Cokriging, variogram
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