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Abstract— Iraq has witnessed several changes that directly and negatively affected the nature of society and the environment, such as
an increase in the population over the past two decades. Hence, an increase in demand for food, energy, housing, and water means an
increase in solid and liquid waste as a result of weak environmental awareness. Tuberculosis is one of the infectious diseases, and Iraq
is witnessing a noticeable increase in the rate of infections at the governorates level. The explanatory variables that were chosen are
among the variables of the sustainable environment adopted by the Ministry of health in Iraq. Therefore, it was essential to know
their effect on the phenomenon under study (number of tuberculosis cases). The results of estimating the model parameters using the
two-stage least squares method and the transformations method show that the explanatory variables significantly affect the
dependent variable, as explained above. This study focused on the effect of some sustainable environment variables (the population,
the number of health institutions, the proportion of the population that uses clean drinking water, and the percentage of the
population with access to sanitation) on tuberculosis rates based on the polled model at the governorates level for the period (2013—
2017). The two-stage least squares method was used to estimate model parameters. The results showed that increasing environmental
awareness represented by sustainable environment variables positively impacts lower rates of tuberculosis at the governorates level.
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I. INTRODUCTION provide more information about the regression parameters

. o . through the differences between the cross-section and the

The drinking water purification plants are considered one period ysing the variance method for data analysis. Another
of the essential elements for achieving environmental gy,qy concerns integrating time-series and cross-section data

sustainability. In Irag, these plants are characterized by(Tscs) and the properties of the fixed-effect and the general
inefficiency and lack of capacity as they receive more water|oast squares method with an indication of the properties of
than their design capacity. Besides, there are not enoughne estimators 13].

sewerage networks to treat rainwater, liquid waste from  geyeral time series and cross-section data integration

hospitals, factories, and production waste. The rise in themqgels, estimation, and testing mechanisms for parameters

population and urban expansion in Iraq has exacerbatethaye pheen studied using the general least squares method
these problems over the past two decades. One of the mo{nq palanced and unbalanced integration data with an

critical repercussions of this is embodied in the spread Ofapplication example provided [4]. Ujjan et al. presented the
diseases and epidemics at the level of all provinces in Iraq jtferent spatial data features and their analysis and the
The most important of which is tuberculosis [1]. A polled characteristics of a strong relationship to social sciences
model was stuwed _for Cro_ss-secnon data, time series, a”%pplications [5]. Ujjan et al. also studied the essential
parameters estimation using the two-stage least squareégoncepts and issues related to spatial arrangement and
method. It aims to demonstrate the positive effect of measurement, the role of a spatial weight's matrix and
environmental sustainability on reducing tuberculosis rates. ifferent spatial correlation measures and classification of

The parameters' efficiency characterizes this estimationspatia| process models, a spatial dependence as a source of
method after the model has been converted to the reducedisiyrbance, and spatial regression models. The effect of

formula to get rid of the accidental parameters and the modelychange rate systems on inflation and economic growth in
is fully diagnosed. Variance components models have beeny for the period (1961-1998) has been examined [6]. The
used to integrate cross-sectional data and time series [Z]researcher has used the two-stage least squares method (2
These models are considered very useful because they) q) (o test the internal effect of exchange rate systems.
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Garofalo concluded that the relationship between exchange3: A dimensional vector (kx1) representing the response

rate systems and economic performance might have adversgarameters for explanatory variables

effects, thereby weakening the results. A two-stage generali: Fixed effects of groups. It is a dimensional vector (nx1)

spatial least squares method (GS2SLS) has been proposed &md represents the constant term parameter

estimate the spatial autoregression model in the presence of,,, : dimensional vector (N x 1) which reflects the

autoregression of the disturbances (random error). It isspecifications of the error term of the model.

subject to arrive at a scientific method to infer the spatial

regression type that contains spatial regression in theB: Two-Sage Least Squares Method (2 SLS).

dependent variable, exogenous variables, and disturbance This method is used to estimate the parameters of a model

limits [7]. The researchers generalized the estimator of thethat is in a state of complete diagnosis. The estimation

generalized momentums method of the spatial method for any model is in two stages [10].

autoregression parameter in the term of random error, and 1) First stage: at this stage, the endogenous variable is

proved the consistency of their estimation, and determineddetermined. The reduced formula and the ordinary least

the approximate distribution through the normal distribution. square method (OLS) are used after the necessary conditions
Some non-parametric methods have been used inare metto estimate the reduced formula, which is a diagnosis

smoothing the function of a time-variable coefficients model of model parameters and finding the model variables'

for a non-parametric limit model of balanced longitudinal estimated values.

data [8]. It could be conducted through the local linear 2) Second stage: at this stage, the (OLS) method is used

polynomial kernel (LLPK) technigue and cubic smoothing again in estimating the model parameters after substituting

splines (CSS) technique, as well as finding the coefficientthe values(Y,.) estimated in the first stage in place of the

estimates using the two-stage least squares method (2SLSkal valuegY,,).

and by using (LLPK) and (CSS) techniques. The These two stages represent the approach used for the

identification problem of spatial Durbin panel models has (2SLS) estimation method. To apply this method to estimate

also been studied [9]. The study considered the identificationthe pooled model in the stable state, as in equation (1). The

of model parameters when estimating with two methodsincidental parameters are eliminated by using the

(QML) and (2SLS). The study arrived at estimating the transformation procedure by multiplying the model in

Durbin spatial model through simulation. equation (1) by the orthonormal transform standard
There is an increase in tuberculosis cases at thergpresented b{Frr_1)-

governorate level in Iraq due to health and environmental This method is based on a conversion procedure to

impacts. In view of the novelty of the concept and standardsgycjude spatial effects (and for a limited time) by reducing

for sustainable environmental awareness in Iraq, it ishe number of observations to one observation per unit of the
necessary to conduct research and studies that show ho‘é’ample that is [(T — 1) x (N — 1)] In the case of cross-

these standards play in reducing epidemic infections. Thegeciion effects and time series in the model to get a fully
polled models of cross-section data and time series argjiagnosed pooled model. The presence of the effect of cross-
essential models that explain the relationship between studections on the pooled model of longitudinal data leads to a
variables. The research aims to study the impact Ofpiag of the model parameters and is also called the incidental

gny:jronmen;al ,3USt"?“ng,b'l'ty standards :jn hredut;:né} the ézarameters and is represented(by at each cross-section as
incidence of epidemic diseases transmitted through bacterid, reqit if the nature of the data. as the variahlg) is

and viruses. The spread of diseases and epidemics, including;n —12,..,N) of the observations at cross sections and

tuberculosis, is mostly due to insufficient water purification (t= 12 'T) of the time series. and so the incidental

plants and waste treatment plants due to the lack of urbarbaran;e:[er’s are established [11]. '

planning that corresponds to the large population increase.
C. Transformation Procedure:

IIl. MATERIALS AND METHODS This Procedure is based on the orthonormal Eigenvector
A. Polled Model matrix for (Jp) matrix which is[FT_T_l,% lT] , representing

The polled model is one of the simplest longitudinal data the Eigenvectors:
models where the estimated regression parameters are I ,
constant for all time periods, as the changes are included in™T ~ 7 T trtr
the random error term, and the polled model can beWhereiy : Identity matrix and its dimensions (T x T)

formulated as follows [9]
tp ¢ vertical vector of dimensions (X 1) consisting of unity .

Yot = tne + Ao + XneBn + €t — 1 M) Frr_1: A matrix with dimensions (T x (T — 1))
Where: o _ _
Y_nt: A vertical vector whose dimensions (Nx1) represents ~ Consisting of the Eigenvectors of matriy .The
the dependent variable at the cross-section (n=1,2,...,N) and Orthonormal represented by the amouij,(_, ) has several

at time (t=1,2,...,T). conditions that must be taken into consideration and on
L. A dimensional vector (ntx1) Autoregressive parameter of which it relies to conduct the appropriate orthonormal test,
.the dependent variable and the conditions are as follows [12], [13]:

X_nt: A matrix of dimensions (ntxk) of the explanatory
variables of the n section and time period t
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FlroaFrry =1Ir 1 trZy, (E;’,T—1(9)€ZT,IT—1(9)) =0 (8)

v Frr_1=0 . . .
frfrr-1 The diagnosis by the rank condition has been proven by

[FT_T_l,% lT] [FT,T_I,\/% LT] =1 equation (8), and therefore the two-stage least squares
(2SLS) method can be used to estimate model parameters

FT,T—1F,T,T—1 =]Jr (2 _ .
Flepytr =0 and thus €, .7 ):
Fro_1=Frp_
' ' 2sinT = nT-1 T—1 X T—1
]T T,T-1 T,T—-1 0 [(X )(X ) ] (X ) (9)

! 1 [
Fro1Frra+strir =Ip

D. Consistency and Asymptotically Distribution for 2SS
As the explanatory variables and the dependent variable in ethod

equation (1) are multiplied by the amou#t-_,) and thus
the matrix of the dependent varial(g,;) becomes with
dimensions(n x (T — 1)) after it was(n xT) , as is the
case with X,,r) , and as follows :

The proof of asymptotical properties of the estimator
(By5nr) is performed after proving the diagnostic
conditions in equation (8), and therefore the estimator
according to the method2 SLS) is a consistent estimator

(Y, Yigs o) Yoroa| = Vg, Yy, oo, Y] and has asymptotical characteristics of the natural
2 () distribution based on the central limit theory and the
[Xiiiso Xz oo Xiorense) = [ X0k X0 oo X0 ] presence of the variance mat(ix?) , and thus
Where: vV n(T - 1)(§251,nT - 90)(0' p limn—»oo z:‘r_LTl,Zsl) (10)
X7, represents the columrk() of the matrixX}; with Whereas(2,7.,) represents the matrix of variance and
dimension(n x k,) . covariance that we get from:
1 % 4 *
As for the random error terife,.), one of the essential T, 25l = 2D (Xpr-1) Hopr (Xproa)  (11)

characteristics of the orthonormal matrjx)(is that it is a ) ) )
singular matrix, so when multiplied by the random error (H,,r) represents the covariance matrix of the explanatory in

term (€,,), it becomeg(og,,). Accordingly, the elements of feclgluati_on f(12) lapd thugH,r) will be according to the
(en:Jr) ) are linearly dependent, i.e., linked with each other, oliowing formula.

and (J,) is an orthogonal matrix, and the trace of the matrix H X* X 12
is equal to(T — 1) [12]. wr = e S (Xra) (Xiro) (12)
[€:1, €ns vovr €07 1] = (Ffr_1 @ IL)[eps, €p2 o prl” (4) [1l. RESULTS ANDDISCUSSION

According to what was presented in the theoretical part,
data issued by the Ministry of planning for the period (2013-
2017) represented a five—year time series (t=5) and at the

E =a? Incr—1) (5) level of fifteen governorates repr_esenting cross-sections
(n=15) except for the Kurdistan region. The data related to

Thus (&) is uncorrelated to all (i,t) values and is the research included the following:

independent under the normal distribution assumption. As « Number of cases of tuberculosis (dependent variable

Since (g;,) that represents the elemdit') of the random
error vector(e;; ) is (i,i,d) , then

for the fixed spatial effect§u) , one of the properties of Yor )
(Frr—1 ) if multiplied by a vector of constants, the results is + The proportion of the population using drinking water
equal to zero as mentioned in equation (2) — the second (explanatory variabl&f,, )
condition, and as a result: « The proportion of the population with access to a
, sewage system (explanatory variaklg, )
by oo tn) Frip—a =0 (6) - Population (explanatory variabig,, )

After applying the transformation procedure, the modelin ~ + Number of health institutions (explanatory variable

equation (1) becomes as follows: Xint )

To determine whether the effect of cross-sections of the

Vor = Mo + XpiPn + €, t=1,.,T=1 (7) longitudinal data is fixed or random, the F test, tAetest

Where: and Eiews9 programs were used to test the null hypothesis,
s = (X5, ..., X2, and the instrumental variables that Which states that the cross-section effects are fixed, and the
represent the deS|red set of explanatory variables in additiofesults are as follows:
to the dependent variabled§ _; = (Yjr_1, Xie)" TABLE |
' ' DETECTIONOF CROSS SECTIONSEFFECTIF FIXED OR RANDOM
The diagnosis of parameters can be accessed by the ran Redundant Fixed Effects Tests
condition so that the amoufit’;] is of a full rank. Lee and | Equation: Untitled ___
Yu [14] have demonstrated that, in general, if the condition | TeSt(;\'f“" Hyp"tggst'i;igross'secuon fixed e:ff‘::ts —
is met, the paramete(g,) in (X;;) are linearly independent 0 166'4 @ 7‘6) 1308761 Cross-section B
of the random part represented(ay,) ) , that is : 0.9663 2 6.6698 Cross-section Chi-square
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Through the result of the above table, the probability the Eigen vectors matrix of the matii%-) is multiplied by
value for both (F andy?) tests is greater than (0.05). the model variables (1) to eliminate unwanted properties of
Therefore, the null hypothesis is accepted, which means thathe parameters, and then the model is estimated according to
the cross — section effects are fixed. The above data has beg¢he method (2SLS). The results are obtained through
entered in the pooled model of autoregression in equation (1)Eviews—9 as shown below. The orthonormal Eigen vector
and a matrix(Jz) is a calculated based on the method of matrix represented by the teiy s, L p) is as follows:
transformations. The matri@g~_,) which later represents

—0.50000 —-0.22360 —0.50000 —0.50000 0.20000
—0.16667 —0.22360 0.83333 —0.16667 0.20000
l 0.83333 —0.223607 -0.16667 —0.16667 0.20000

—0.16667 —0.223607 -0.16667 0.83333 0.20000

1

[ 0.00000 0.894427 0.00000 0.00000 0.20000 ]
Fro_4,= =
TT-1 7 lr Jl

As the matrix (F;) is a matrix consisting of the Eigen vectors of the matrix § and it is:

0.00000 0.894427 0.00000 0.00000 0.447214

| —0.50000 —0.22360 —0.50000 —0.50000 0.447214
[Fr] =|-0.16667 —0.22360 0.83333 —0.16667 0.447214
0.83333 —0.223607 -0.16667 —0.16667 0.447214

—0.16667 —0.223607 -0.16667 0.83333 0.447214

L

While the matrix () is as follows: explanatory variables exist, the number of cases decreases by
(0.206504). An increase of one unit in X_3 (explanatory
08 -02 -02 -0z -02 variable of the population) increases cases by (18.7219)
—-02 08 -02 -0z -02 when other explanatory variables exist. Finally, an increase

Jr ={-02 =02 08 -02 =02
-02 —-02 -02 08 —0.2

-02 -02 -02 -02 0.8

After applying the transformations method to the model
variables represented by the dependent varidhlg. (The I\V. CONCLUSIONS
gxpla}r?ato_ry variables are presentgq as in equation (3). The The use of the transformation method in estimating the
identification _by the Rank condition has been proved odel is considered very important since it possesses an
through equation (8). The (2SLS) met_hod can then be use ffective possibility in correcting the endogeneity within the
to estimate the model parameters as in equation (10). Thus’model, which leads to obtaining reasonable estimates with

of one unit in X_4 (explanatory variable of a few health
institutions) leads to a decrease in the case by (1.281356)
when other explanatory variables exist.

the vector of estimators i1 ) is as follows: approximate characteristics of the estimated model
parameters. The explanatory variables that were chosen are
TABLE Il among the variables of the sustainable environment adopted

ESTIMATING THE PARAMETERS OF THE CLUSTERMODEL USING THE TWO-

STAGE LEAST SQUARESMETHOD by the Ministry of health in Iraq. Therefore, it was essential

to know their effect on the phenomenon under study

Parameters EstimateEStlmator st (number of tuberculosis cases). The results of estimating the
model parameters using the two-stage least squares method
A 0.561279 1.02258 and the transformations method show that the explanatory
El _8'22225‘51 21'073;01372 variables significantly affect the dependent variable, as
. 18.72192 1.83556 explained above.
B, -1.281356 2.04889
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