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Abstract: - Residents of Thailand’s upper northern have been facing hazardous air quality with the amount of
fine particulate matter rising several times higher than the standards of the World Health Organization for many
years which is classified as a level that severely affects public health. The dust problem is an urgent issue in
Thailand that needs to be solved. Assessment of pollution data in advance can help the Thai government in
planning to abolish and prevent ongoing dust problems for Thai citizens. A new class of population mean
estimators is proposed under stratified random sampling. The bias and mean square error of the proposed
estimators are studied using a Taylor series approximation. A simulation study and an application to air
pollution data in the north of Thailand to investigate the performance of the estimators. The results from the air
pollution data in the north of Thailand present that the proposed estimators offer the highest efficiency
concerning others.
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1 Introduction due to PM2.5 pollution affects genetically
Thailand’s air pollution has become an increasing susceptible people at a rapid and unprecedented rate,
concern at present due to the amount of dust which is an increasing concern amongst the
exceeding Thailand’s and the World Health population. The Thai government needs to monitor
Organization’s guidelines. Multiple provinces in '_[he air- quglity data gnd assess the situation clos;ly
the north where a 24-hour average of fine particulate including implementing measures to control burning
matter with a diameter less than 2.5 microns in forest areas, farmland, and areas along the
(PM2.5) and fine particulate matter with a diameter highway strictly. . Nevert.heless, the. government
less than 10 microns (PM10) on a 24-hour average must enact a strict policy requesting people's
exceed the standard of 50 micrograms per cubic cooperation to refrain from burning waste and
meter and the air quality index (AQI) exceeds the agricultural waste in preparation for farming to
standard value of 100 which is classified as levels prevent forest fires which can lead to dust issues in
that severely affect human health. In northern the north of.Thalland. _ o '

Thailand, there is an abundance of provinces Possessing air po!lutlon data can assist in pohcy
tackling pollution from dust, due to seasonal planm.ng and preventing harrp to Il.fe. Thailand's air
agricultural practices and geography consisting of pollution data have been '1nve'st1gated by many
mountainous terrain accounting for the trapping of researchers. Carbon. m01.10x1de is us.ed to estimate
pollution that passes into the area. There is a the average P M2.5 n Dl.nda.ng, Thailand using j[he
significant correlation between pollution and known prior information in simple random sampling
citizens’ health and quality of life, as shown by an without replacement (SRSWOR), [1]. The best
increased incidence of upper respiratory symptoms estimators with the smallest mean square error
and lung cancer, a worrying problem. Lung cancer (MSE) that were suggested by [1], are based on the

known median of the auxiliary variable and quartile
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average. The [1], estimators assist in saving budget
and time with a small sampling fraction. The
transformation technique to create combined
estimators was called upon to estimate the average
PM2.5 via nitrogen dioxide in Chiang Rai under
double sampling which results in improving the
performance of the combined estimators concerning
the single ones, [2]. The air pollution from vehicles
in Selangor, Malaysia, an area with heavy traffic
congestion has been studied in [3]. They found that
PM10 and ozone are the key factors contributing to
air pollution in Selangor although the air pollution
there seemed to be reduced in the period of their
study, [4], [5].

In sample surveys the ratio and regression
estimators for estimating population mean, an
average of a specified characteristic of a group, are
well known in assisting to heighten the efficiency of
estimators when an available auxiliary variable has
a positive relation to a study variable, a ratio
estimator was introduced for estimating the study
variable population mean under SRSWOR when the
population mean of the auxiliary variable is present,
[6]. To increase the precision of the population
mean estimator, some parameters of an auxiliary
variable such as coefficient of variation, correlation,
and kurtosis are applied to modify the usual ratio
estimator, [7], [8], [9]. Five ratio estimators using a
regression estimator and known parameters to
estimate the population mean were proposed by
[10], [11], [12], [13].

Stratified random sampling is one of the
sampling techniques that is suitable for use when the
units in the population are homogenous within the
same stratum and heterogeneous between different
strata. In the technique of stratified sampling, a
population comprising N units is subdivided into
distinct subpopulations, for example, it could be
divided into geographical characteristics, age group,
and gender. The subpopulations are called strata.
Dividing strata is useful when we want to find the
size of each stratum. The samples in each stratum
are selected via simple random sampling. Under
stratified random sampling, there are two types of
ratio estimator; a separate and combined one. Ratio
estimators were adopted by [14], under SRSWOR
that were suggested by [7], [8], [9], which resulted
in four separate ratio estimators under stratified
random sampling and found that the proposed
estimators are more efficient than the usual separate
ratio estimator. More works that proposed to modify
ratio estimator under stratified random sampling can
be seen in [15], [16], [17], [18].

In the prevailing study, we aim to propose a
new class of separate ratio estimators utilizing some
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parameters of an auxiliary variable under stratified
random sampling. We acquired the formula of bias
and mean square error of the proposed class of
estimators up to the first-degree Taylor
approximation. A simulation study and an
application to air pollution in the north of Thailand
are considered to demonstrate the capacity of the
proposed class of estimators.

2 Existing Estimators

2.1 The Usual Separate Ratio Estimator
The usual separate ratio estimator for the population
mean is

v ooSwy X 1
s = 2 WiV | =2 |, (1)
h=1 X

h
N

where X, =>"x / N, is the population mean of an

i=1

auxiliary variable in stratum h;h=123,.,L,

Ny Mh
X, =D % /nh and y, =)y, /nh are the sample
i=1 i=1
means of the auxiliary and study variables in
stratum N based on a sample of size n,,

: N, . :
respectively, W, :W is the stratum weight, and
N, is the population size in stratum N, such that

L
> N, =N.
h=1

The bias and MSE of Y, are

= L _

BiaS(YRS) = ZWthYh (szh =P CaCy ),
h=1

2 L _
MSE (YRS) = ZWhZVthZ (th + th - 2phcxhCyh ),
h=1

where C, =S, / X, is the auxiliary variable’s
population coefficient of variation in stratum N,

S xyh
Smsm

coefficient between the auxiliary and study variables

1 -
N 1Z(Xi_xh)2’

Pn = is the population correlation

h i=1

instratum N, S = J
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2.2 The Adjusted Ratio, [14], Estimators
Ratio estimators proposed by [8], [9], were adopted

Nuanpan Lawson, Natthapat Thongsak

N L —,
MSE (Ym ) = anz}’ W
(=

) ﬂ’h(x))zh ' ) ﬁzh(x Xh

C: Ll C: -2 . C.C

y”[ﬁm(x)xﬁcxh *A A%, +C, ) |
Lo

MSE( TL4) hZ:;WhA}/thz C\fh"'{#

The usual separate ratio in (1) and [14], estimators
in (2) to (5) in a general form are:

X, +D,
under SRSWOR to stratified random sampling, [14]. Y ZWh Vi ( A % 1D } (6)
The [14], estimators are: AX h
7 N 7 Xh +th o
Vi = hZ]:Wh Y X +C, /| 2) The bias and MSE of the Y, in general forms are"
va 2
YLTLZ _ iwhyh >_( +ﬂ2h( ) ’ 3) B'as( ) thVh (0 Cn —6,P.CCyp ), (7
hot Xh +ﬂ2h( )
2 22
. ZL) (X)X, +C, MSE( ) th 7Y (Ch +6:CF, ~20,0,C,4,C )
Yis =2 WoVo| 5o~ | 4
TR Ba (0%, +Cy, ®)
A L X
Yo, = thyh {(C:;Xh)—(h+—ﬂ2h()()} (5) where A, = 0 and D, are constants or functions of
" %0+ P (X) the auxiliary variable in stratum N, and
where h = 61—%“ .
Ny, 4 A1Xh + Dh
Nh(Nh+1)Z(Xi_X) 2
5 (x)= 3N,
n\r)= .
(NG =D(N, 2N, =S5 (N, =2)(N,-3) 3 Proposed Estimator

is the population coefficient of kurtosis of the
auxiliary variable in stratum h.

The biases and MSEs of the [14], estimators are:

— 2
X,
Blas( ) W,y [ ]cf
TLI Zhhh X +C, h

— 2 —
X ) X
MSE( TLI) zwh IASs [ [X +hC J Cx_h_2[>z +hc Jphcxhcth’
n TS n+Can

X,
- =——|p.C,.C, |
(xh"‘cxh} o WJ

X, ) X,
Sas{ )= ZW”"“[[Xﬁm()j C*“(w%(x)]”hc*“%]’ _ Y

A new group of separate ratio estimators is shown
under stratified random sampling inspired by the

work of [10], under SRS.
A X, +D,
)][ AX, +D, j ®)

Yeee ZW [yh+b (X,

where bh is a sample regression coefficient of ﬂh in

stratum N .

Let g, = Yo =Y then Y, = (1+80h)Yh, let

Xh_xh

£y = then X = (1+81h))zh, such that

Pun(X)%, “
[ﬂzh 0%, -6 Jphcxhcyh} E(&n)=E(&,)=0,E (gj ) =yC,.E (512) =yC;,

E(&e& )=mC,C,.
Rewriting (9) in terms of &, and &,

— 2 —

L 2 X X
MSE( ) W2y V2 C2 | =20 | 2o 2 |,coc. |,
" hZ:l: AL el Xo+ B (x)) Xy + Bon (X) Ph=an
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~ L _ _ A < +D Table 1. Some of the proposed estimators,
Yeee =) W, [ (1+&,,)Y, —&,0,X = V-
Reg hz=l: hl:( Oh) h 1h*h h:|£Ah(1+glh)Xh+Dh YRegi,l—l,Z,...,S
L _ _ _ . Estimator 4, D,
=YW, |Y, +¢&,Y, —&.b. X, |(1+&,6,) —
hZ:; hl: h oh"h 1h™~h h:‘( 1h h) )_'-' _}_:" ; DL(-‘; ;L“ '.‘}’1 ' o
=1 L X,
= YW, [V, + Y, -0, X, J(1-2,0, + 6202 '
=Z h|: ht EonTh — &by h:|( Enby + &y h) IO, AL RNE Y B " c
h=1 g~ 5 -C Y
Lo _ _ _ s o r e -l LeBald) :
= th (Yh + &Yy = by Xy — €, Y1 6, o= 2 Tt h( A -5) | < +Bu(x) : Par(x)
h=1
—_ _ — § ' SE3Y RN -l Bl x) X, -C \ -
~EgnéinYnbh + En0DL X, +‘912h0thh) =2 3o 5( 11~ if‘ Pulx) | Cu
The estimation error of \? | 1s: T = ‘“u EAs A ;i-l ” —|| C. B, (x)
YReg -Y = ZW (‘%h ~ &40, X, — &, Y,6,
o 4  Theoretical Comparison
~&g,&,, Y, 0, + €000, X, +glh9hYH1) The effectiveness of the suggested estimator is
) evaluated in comparison to the currently employed
The YReg bias estimators; the usual separate ratio, and Tailor and
Bias (\7 )_ E (? —V) Lone estimators. The MSE is used as a criterion in
Reg | = Reg comparison with the new estimator in (11) with the
L _ , existing ones in the general form in (8) as follows.
= ZWh7 AL [(:Bh K, +6, )th _IOthhCyh ]a The suggested Y, exhibits superior performance
h=1

(10)  to the existing Y if:

The Yy, MSE MSE(?Reg)< MSE(YLR)

~ 2
MSE( Reg) E(YReg _Y) th 7Y [—2(9(f/;ﬂh);3;:ji J hz:wh 7Y (Ch +0:Ch —20,0,CCyr )
L ) S (R TSR -
(Z (6‘0h —&,b, X, —£,6,Y, )j ;W"V“Y“[ 2(6,+ AK,) PiCaCy ] 2N (603 2000
" , ZWh 7V ((6,+ AK, ) Ch —6iC3, )<hiw V.2 (2(6, + 5K, ) 2,CuCyp —26,0,C,1Cy)

Some members of \?R
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WYy — 260,610, XY,

+ (Hh +B.K, )2 Cx2h - 2(911 +BK, )phcxhcyh )

(11)

.. are represented in Table 1.

163

1

L —
th 7Ys h Ca ((gh + 5K, )Z - ehz ) < 22Wh27nYn2PanhCyh ((gh + B Ky ) -6, )
=

5 A Simulation Study

The simulation studies illustrate and compare the
effectiveness of the suggested estimators against
those already in existence. A population of size
N =2,000 is divided into 3 strata and variable
(X,Y) are generated via bivariate normal

distribution for each stratum. The strata parameters
are:
1*'stratum:

N, =1,000, X, =400, Y, =500, C,, =0.3, C,, =1.4, p, =0.8
2" stratum:
N, =600, X, =550, Y, =700, C,, =1.0, C,, =1.6, p, =0.6

31 stratum:
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N, =400, X, =550, Y, =350, C,; =1.1, C,; =09, p, =04

A sample of sizes N=100, 200, 400, and 600
are allocated from the population N =2,000 using
SRSWOR. We allocate the sample sizes h to each
stratum using proportional allocation. For n=100,
the allocated sample sizes for the 1 2" and 3™
strata are n, =50, n, =30, n, =20, for N =200, the
allocated sample sizes for the 1%, 2" and 3 strata
are n =100, n, =60, n,=40, for N=400 the
allocated sample sizes for the 1, 2" and 3 strata
are n, =200, n, =120, n, =80 and for N=600 the
allocated sample sizes for the 1%, 2" and 3%
stratums are n, =300, n, =180, n, =120,
respectively. R program, [19], is applied to repeat
the simulation 10,000 times.

The new and existing biases and MSEs are
calculated by:

~ 10,0000 A _
Bias(Y): i~V
10,000 Z
~ 1 10,000 / A _\2
MSE(Y)z >, (Yi —Y) :
10,000 45

The biases and MSEs are represented in Table 2.

The results in Table 2 showed that the
introduced estimators worked well because they
gave both less bias and MSE than the existing ones.
All proposed calculations assisting with unique
known parameters of the auxiliary variable gave
similar results for both biases and MSEs. The larger
sample sizes gave smaller biases and MSEs
concerning smaller sample sizes. We can see that
the introduced estimators utilizing the sample
regression estimator are more effective than the
usual separate ratio and [14], ones under stratified
random sampling.

Table 2. Biases and MSEs of the estimators

pabi n=100 =24 | n=40 n=600

Bias | MSE | Bias | MSE | Bias | MSE | Bias | MSE

j..x 4549 | 327220 | 31.14 | 153170 t 2065 | 67854 | 1571 | 38934

l )—:” 4548 | 326980 | 31.14 1 1531.46 [ 2064 | 67849 | 1571 [ 38931
y 4549 | 327311 | 31,44 | 1531.8B] | 2065 | 678.56 ! 15,71 | 38936
)>.._ 4550 | 327802 | 3105 | 153193 | 2064 | 67842 | 1571 | 38929
f, 4549 | 327283 | 31.14 | 1531.89 [ 20.64 | 678.51 | I5.71 | 389.32

};,: 4197 | 293686 | 27.89 | 123185 l I8.4] | 537.17 | 1395 | 30497
For | 4195 [ 293021 | 27.88 | 123192 : 18.40 | 536.86 | 13,94 | 204,80

| T, 4198 293918 | 27.89 | 1233.16 ; 18.41 | 537.27 | 13.95 | 305,03
Y,,!. 4208 | 295566 | 27.91 | 123538 ) I8.42 | 537.97 | 1396 ! G542

’ f,t 4198 ‘ 293913 | 27.89 | 123318 ? I18.41 | 537.28 | 13,95 ' 30503
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6 An Application to Air Pollution

Data in Northern Thailand

Northern Thailand air pollution data from 2003-
2020 are applied to assess the effectiveness of the
newest estimators, [20]. The monthly average
density of nitrogen dioxide NO, (mg per square
metre) is to be the auxiliary variable and the
concentration of PM2.5 (micron per cubic metre) is
considered as the study variable with a population
N =1,728 units. The population parameters are
summarized below.

Y =39.34, X =2.48, C,=1.23, C, =0.30, 53, (x)=3.36,
p =0.68.We considered eight provinces in northern
Thailand as the strata to study the average amount
of PM2.5. The provinces that are included in the
study are Chiang Mai, Chiang Rai, Lamphun,
Lampang, Phrae, Phayao, Nan, and Mae Hong Son
(N, =216, h=1,2,...8). A sample N=520
randomly picked from a population N =1,728 using
SRSWOR. The samples of sizes n, =65 based on
proportional allocation are randomly taken from

each strata using SRSWOR. The parameters in each
stratum are showcased in Table 3.

1S

Table 3. Population parameters for each province in

northern Thailand
Province | C hiang Mai G hiang Rai | Lamphun | Lampang
N, =216 N, =216 N, =216 N, =216
n =65 n, =65 n, =63 n, =65
1, =3538 1. =5057 I=32 I, =3797
X =236 X,=221 X, =224 X, =327
ameies | ¢ 207 C..=153 C.=083 C, =052
C,=018 C,=04l C,=018 C,=01]
B (x)=7.86 A, x)=741 B, (x)=8.19 A lx)=300
P, =074 P =092 =074 p, =061
Province Phrae Nag Phayao | Mae Hong Son
N, =216 N, =216 N. =216 N, =216
n, =63 1 =65 i =63 " =65
F=37.08 Y, =4549 ¥=3919 I =3582
¥, =318 ¥, =231 X,=235 Y, =19
Pameter |~ _063 | C.=<1.% ¢, =117 c, =151
C,=012 C, =035 C.=028 C,=033
Bulx)=8.15 | By(x)=1189 | B.(x)=1017 | B,(x)=823
2 =072 2, =093 p. =087 a=0%

The estimated PM2.5 and percentage relative
efficiencies (PREs) of the estimators against the
usual separate ratio estimator are depicted in Table
4.

The new group of estimators gave a better
performance  which produced higher PREs
compared to all existing estimators. The proposed
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estimator Yy,

that used the benefit of both C, and

Bon (X) gave the highest PRE in this situation and

gave a closer estimated PM2.5 to the population.
The results revealed that the recommended
estimators achieved much more than the existing
ones based on the air pollution dataset.

Table 4. Estimated values of PM2.5 and PREs of the

estimators
Estimator Estimated values of PM2.5 PRE
)"?_ ] 39.69 100.00
f"m 39.70 94.46
¥ 39.72 85.21
Y. 39.70 99.58
)’;J 39,71 93,08
)-;,_,. 39.60 186.14
- 39,60 183.10
A ‘ 39.58 223.99
);'_,,,; 39.60 186.59
)A;._,_:. ’ 39,55 280.65

7 Conclusion

A new class of separate ratio estimators for
predicting population mean are investigated through
this study under stratified random sampling. Some
available insights on the auxiliary variable have
been implemented to increase the efficiency of the
population mean estimator. The outcomes of the
simulation study and the application to air pollution
data in northern Thailand indicated that the
suggested estimators performed more effectively
than the typical separate ratio approach and [14]
estimators under stratified random sampling. As
expected, larger sample sizes resulted in smaller
MSEs for all situations. The top-performing
estimator outperformed all other existing estimators,
delivering nearly thrice the efficiency. In subsequent
research, additional established auxiliary variables
may be employed to predict the population means of
the variable under study, and the new estimators can
be formulated to suit more intricate survey
frameworks. e.g., cluster sampling and stratified
single-stage cluster sampling. Nevertheless, the
proposed estimators can help estimate other
application data in many areas of interest.
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