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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 

The drinking water purification plants are considered one 
of the essential elements for achieving environmental 
sustainability. In Iraq, these plants are characterized by 
inefficiency and lack of capacity as they receive more water 
than their design capacity. Besides, there are not enough 
sewerage networks to treat rainwater, liquid waste from 
hospitals, factories, and production waste. The rise in the 
population and urban expansion in Iraq has exacerbated 
these problems over the past two decades. One of the most 
critical repercussions of this is embodied in the spread of 
diseases and epidemics at the level of all provinces in Iraq. 
The most important of which is tuberculosis [1]. A polled 
model was studied for cross-section data, time series, and 
parameters estimation using the two-stage least squares 
method. It aims to demonstrate the positive effect of 
environmental sustainability on reducing tuberculosis rates. 

The parameters' efficiency characterizes this estimation 
method after the model has been converted to the reduced 
formula to get rid of the accidental parameters and the model 
is fully diagnosed. Variance components models have been 
used to integrate cross-sectional data and time series [2]. 
These models are considered very useful because they 

provide more information about the regression parameters 
through the differences between the cross-section and the 
period using the variance method for data analysis. Another 
study concerns integrating time-series and cross-section data 
(TSCS) and the properties of the fixed-effect and the general 
least squares method with an indication of the properties of 
the estimators [3].  

Several time series and cross-section data integration 
models, estimation, and testing mechanisms for parameters 
have been studied using the general least squares method 
and balanced and unbalanced integration data with an 
application example provided [4]. Ujjan et al. presented the 
different spatial data features and their analysis and the 
characteristics of a strong relationship to social sciences 
applications [5]. Ujjan et al. also studied the essential 
concepts and issues related to spatial arrangement and 
measurement, the role of a spatial weight’s matrix and 
different spatial correlation measures and classification of 
spatial process models, a spatial dependence as a source of 
disturbance, and spatial regression models. The effect of 
exchange rate systems on inflation and economic growth in 
Italy for the period (1961-1998) has been examined [6]. The 
researcher has used the two-stage least squares method (2 
SLS) to test the internal effect of exchange rate systems. 
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Garofalo concluded that the relationship between exchange 
rate systems and economic performance might have adverse 
effects, thereby weakening the results. A two-stage general 
spatial least squares method (GS2SLS) has been proposed to 
estimate the spatial autoregression model in the presence of 
autoregression of the disturbances (random error). It is 
subject to arrive at a scientific method to infer the spatial 
regression type that contains spatial regression in the 
dependent variable, exogenous variables, and disturbance 
limits [7]. The researchers generalized the estimator of the 
generalized momentums method of the spatial 
autoregression parameter in the term of random error, and 
proved the consistency of their estimation, and determined 
the approximate distribution through the normal distribution. 

Some non-parametric methods have been used in 
smoothing the function of a time-variable coefficients model 
for a non-parametric limit model of balanced longitudinal 
data [8]. It could be conducted through the local linear 
polynomial kernel (LLPK) technique and cubic smoothing 
splines (CSS) technique, as well as finding the coefficient 
estimates using the two-stage least squares method (2SLS) 
and by using (LLPK) and (CSS) techniques. The 
identification problem of spatial Durbin panel models has 
also been studied [9]. The study considered the identification 
of model parameters when estimating with two methods 
(QML) and (2SLS). The study arrived at estimating the 
Durbin spatial model through simulation. 

There is an increase in tuberculosis cases at the 
governorate level in Iraq due to health and environmental 
impacts. In view of the novelty of the concept and standards 
for sustainable environmental awareness in Iraq, it is 
necessary to conduct research and studies that show how 
these standards play in reducing epidemic infections. The 
polled models of cross-section data and time series are 
essential models that explain the relationship between study 
variables. The research aims to study the impact of 
environmental sustainability standards in reducing the 
incidence of epidemic diseases transmitted through bacteria 
and viruses. The spread of diseases and epidemics, including 
tuberculosis, is mostly due to insufficient water purification 
plants and waste treatment plants due to the lack of urban 
planning that corresponds to the large population increase. 

II. MATERIALS AND METHODS 

A. Polled Model 

The polled model is one of the simplest longitudinal data 
models where the estimated regression parameters are 
constant for all time periods, as the changes are included in 
the random error term, and the polled model can be 
formulated as follows [9] 

 ��� = ��� + ���� +  	��
� + ���� − 1 (1) 

Where: 
Y_nt: A vertical vector whose dimensions (N×1) represents 
the dependent variable at the cross-section (n=1,2,…,N) and 
at time (t=1,2,…,T). 
λ: A dimensional vector (nt×1) Autoregressive parameter of 
the dependent variable. 
X_nt: A matrix of dimensions (nt×k) of the explanatory 
variables of the n section and time period t 

β: A dimensional vector (k×1) representing the response 
parameters for explanatory variables. 
μ: Fixed effects of groups. It is a dimensional vector (n×1) 
and represents the constant term parameter ��� : dimensional vector �N × 1� which reflects the 
specifications of the error term of the model. 

B. Two-Stage Least Squares Method (2 SLS). 

This method is used to estimate the parameters of a model 
that is in a state of complete diagnosis. The estimation 
method for any model is in two stages [10]. 

1) First stage: at this stage, the endogenous variable is 
determined. The reduced formula and the ordinary least 
square method (OLS) are used after the necessary conditions 
are met to estimate the reduced formula, which is a diagnosis 
of model parameters and finding the model variables' 
estimated values. 

2) Second stage: at this stage, the (OLS) method is used 
again in estimating the model parameters after substituting 
the values �Y���� estimated in the first stage in place of the 
real values �Y���. 

These two stages represent the approach used for the 
(2SLS) estimation method. To apply this method to estimate 
the pooled model in the stable state, as in equation (1). The 
incidental parameters are eliminated by using the 
transformation procedure by multiplying the model in 
equation (1) by the orthonormal transform standard 
represented by �� , "#�. 

This method is based on a conversion procedure to 
exclude spatial effects (and for a limited time) by reducing 
the number of observations to one observation per unit of the 
sample, that is  $�T − 1� × �N − 1�& In the case of cross-
section effects and time series in the model to get a fully 
diagnosed pooled model. The presence of the effect of cross-
sections on the pooled model of longitudinal data leads to a 
bias of the model parameters and is also called the incidental 
parameters and is represented by ��� at each cross-section as 
a result if the nature of the data, as the variable �Y��� is �n = 1,2, … , N� of the observations at cross sections and �t = 1,2, … , T� of the time series, and so the incidental 
parameters are established [11].  

C. Transformation Procedure: 

This Procedure is based on the orthonormal Eigenvector 

matrix for �J � matrix which is +�,,,"#, #,  -,. , representing 

the Eigenvectors: J = /, − 10  -, -,1  

Where:/, ∶ Identity matrix and its dimensions �T × T� 
 -, ∶ vertical vector of dimensions �× 1� consisting of unity . �,,,"#: A matrix with dimensions �T × �T − 1��  
 

Consisting of the Eigenvectors of matrix J  .The 
Orthonormal represented by the amount (�,,,"# ) has several 
conditions that must be taken into consideration and on 
which it relies to conduct the appropriate orthonormal test, 
and the conditions are as follows [12], [13]:  
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 �′,,,"#�,,,"#   = /,"#                               -,1  �,,,"# = 0                                              
 +�,,,"#, #√,  -,.1 +�,,,"#, #√,  -,. = /,      �,,,"#�′,,,"# = G,                                     �′,,,"# -, = 0                                              G, �,,,"# = �,,,"#                                       �,,,"#�′,,,"# + #,  -, -,1 = /,                       

        

⎦⎥
⎥⎥
⎥⎥
⎥⎥
⎤
 (2) 

As the explanatory variables and the dependent variable in 
equation (1) are multiplied by the amount ��,,,"#� and thus 
the matrix of the dependent variable ���,� becomes with 
dimensions �n × �T − 1�� after it was �n × T� , as is the 
case with (	�,) , and as follows  :  

 
K��#∗ , ��M∗ , … , ��,,"#∗ N = $��## , ��M# , … , ��,# & 2K	�#,O∗ , 	�M,O∗ , … , 	�,,"#,O∗ N = K	�#,O� , 	�M,O� , … , 	�,,O� N    P (3) 

Where: 

 	�,,O�  represents the column (k�R) of the matrix 	�,#  with 
dimension �n × kS�  . 

As for the random error term �����, one of the essential 
characteristics of the orthonormal matrix (J ) is that it is a 
singular matrix, so when multiplied by the random error 
term �����, it becomes �TU,VWM �. Accordingly, the elements of  ����J � �  are linearly dependent, i.e., linked with each other, 
and �G�� is an orthogonal matrix, and the trace of the matrix 
is equal to �T − 1� [12].  

K��#∗1 , ��M∗1 , … , ��,,"#∗1 N1 = ��,,,"#1 ⊗ /��$��#1 , ��M1 , … , ��,1 &1 (4) 

Since �YZ�∗ � that represents the element �i�R� of the random 
error vector ����∗   � is                 (i,i,d) , then 

 [   = TUM/��,"#� (5) 

Thus �YZ�∗ � is uncorrelated to all (i,t) values and is 
independent under the normal distribution assumption. As 
for the fixed spatial effects ��� , one of the properties of 
(�,,,"#  �  if multiplied by a vector of constants, the results is 
equal to zero as mentioned in equation (2) – the second 
condition, and as a result:  

 $��, … . , ��&1�,,,"#  = 0 (6) 

After applying the transformation procedure, the model in 
equation (1) becomes as follows:  

 ���∗ = ����∗ + 	��∗ 
� + ���∗  ,        � = 1, … , 0 − 1 (7) 

Where: \��∗ = �	�#∗1 , … . . , 	�,∗1 �, and the instrumental variables that 
represent the desired set of explanatory variables in addition 

to the dependent variable is ]�,,"#∗ = � �̂,,"#∗ , _��∗ ��
 

 
The diagnosis of parameters can be accessed by the rank 

condition so that the amount $x� ∗ & is of a full rank. Lee and 
Yu [14] have demonstrated that, in general, if the condition 
is met, the parameters �βU� in �	��∗ � are linearly independent 
of the random part represented by ����∗ � � , that is : 

 �ab�� ∗ �c�,,"#∗d �e�c�,,"#∗f �e�� = 0 (8) 

The diagnosis by the rank condition has been proven by 
equation (8), and therefore the two-stage least squares 
(2SLS) method can be used to estimate model parameters 
and thus (e̅Mhi,�, �:  

 ejMhi,�, = +�_�,,"#∗ �1�_�,,"#∗ ��."# × �_�,,"#∗ �1
 (9) 

D. Consistency and Asymptotically Distribution for 2SLS 
method  

The proof of asymptotical properties of the estimator �ejMhi,�,�  is performed after proving the diagnostic 
conditions in equation (8), and therefore the estimator 
according to the method  �2 SLS � is a consistent estimator 
and has asymptotical characteristics of the natural 
distribution based on the central limit theory and the 
presence of the variance matrix �TUM� , and thus  

 mn�0 − 1��ejMhi,�, − eU��0, o lim�→q Σ�,,Mhi"# � (10) 

Whereas �Σ�,,Mhi"# � represents the matrix of variance and 
covariance that we get from: 

 Σ�,,Mhi� = #�� "#�  � \�,,"#∗ �1st,�, �, \�,,"#∗ � (11) 

�Η�,� represents the covariance matrix of the explanatory in 
equation (12) and thus �Η�,� will be according to the 
following formula: 

 Η�, = #�, ∑ �_�,,"#∗ �1,�w#  �_�,,"#∗ � (12) 

III.  RESULTS AND DISCUSSION  

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 
level of fifteen governorates representing cross-sections 
(n=15) except for the Kurdistan region. The data related to 
the research included the following: 

• Number of cases of tuberculosis (dependent variable Y�� ) 
• The proportion of the population using drinking water 

(explanatory variable 	#�� �  ) 
• The proportion of the population with access to a 

sewage system (explanatory variable 	M�� �  )   
• Population (explanatory variable 	x�� �  )      
• Number of health institutions (explanatory variable 	y�� �  ) 

To determine whether the effect of cross-sections of the 
longitudinal data is fixed or random, the F test, the χM test 
and Eviews–9 programs were used to test the null hypothesis, 
which states that the cross-section effects are fixed, and the 
results are as follows:  

TABLE I 
DETECTION OF CROSS-SECTIONS EFFECT IF FIXED OR RANDOM 

Redundant Fixed Effects Tests  
Equation: Untitled   

Test Null Hypothesis: cross-section fixed effects  
Effects Test Statistic   d.f.  Prob.  

Cross-section F 1.308761 (4,70) 0.1664 
Cross-section Chi-square 6.6698 4 0.9663 
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Through the result of the above table, the probability 
value for both (F and χM) tests is greater than (0.05). 
Therefore, the null hypothesis is accepted, which means that 
the cross – section effects are fixed. The above data has been 
entered in the pooled model of autoregression in equation (1) 
and a matrix �G,�  is a calculated based on the method of 
transformations. The matrix ��,,,"#� which later represents 

the Eigen vectors matrix of the matrix �G,� is multiplied by 
the model variables (1) to eliminate unwanted properties of 
the parameters, and then the model is estimated according to 
the method (2SLS). The results are obtained through 
Eviews–9 as shown below. The orthonormal Eigen vector 

matrix represented by the term ��,,,"#, #,  -,� is as follows: 

 

{�,,,"#, 10 -,| =
⎣⎢⎢
⎢⎡ 0.00000 0.894427 0.00000 0.00000 0.20000−0.50000 −0.22360 −0.50000 −0.50000 0.20000−0.166670.83333−0.16667

−0.22360−0.223607−0.223607
0.83333−0.16667−0.16667

−0.16667−0.166670.83333
0.200000.200000.20000

    
⎦⎥⎥
⎥⎤

As the matrix ( �,) is a matrix consisting of the Eigen vectors of the matrix (  G, ) and it is: 
 

$�,& =
⎣⎢⎢
⎢⎡ 0.00000 0.894427 0.00000 0.00000 0.447214−0.50000 −0.22360 −0.50000 −0.50000 0.447214−0.166670.83333−0.16667

−0.22360−0.223607−0.223607
0.83333−0.16667−0.16667

−0.16667−0.166670.83333
0.4472140.4472140.447214

    
⎦⎥⎥
⎥⎤ 

 

While the matrix ( J ) is as follows: 

J  =
⎣⎢⎢
⎢⎡ 0.8 −0.2 −0.2 −0.2 −0.2−0.2 0.8 −0.2 −0.2 −0.2−0.2−0.2−0.2

−0.2−0.2−0.2
0.8−0.2−0.2

−0.20.8−0.2
−0.2−0.20.8

    
⎦⎥⎥
⎥⎤ 

After applying the transformations method to the model 
variables represented by the dependent variable (���). The 
explanatory variables are presented as in equation (3). The 
identification by the Rank condition has been proved 
through equation (8). The (2SLS) method can then be used 
to estimate the model parameters as in equation (10). Thus, 
the vector of estimators in �θjM��,�  � is as follows: 

TABLE II 
ESTIMATING THE PARAMETERS OF THE CLUSTER MODEL USING THE TWO-

STAGE LEAST SQUARES METHOD 

Estimator 
Parameters 

T-test Estimate  
1.02258 0.561279 λ 
2.03032 0.050325-  β# 
1.7417 -0.206504 βM 
1.83556 18.72192 βx 
2.04889 -1.281356 βy 

 
According to Table (2), the value of the autoregression 

parameter (λ) is positive and equal (0.561279). Table 2 
indicates the increase in the number of tuberculosis cases at 
the level of fifteen governorates except for the Kurdistan 
region when other explanatory variables exist. As for 
explanatory variable X_1 (the percentage of the population 
that uses potable drinking water), it is related negatively with 
the variable of the number of cases of tuberculosis, where 
the increase of one unit in the variable X_1 when other 
explanatory variables exist, the number of cases decreases by 
(0.05032). Also, for explanatory variable X_2 (the 
proportion of the population with a case to a sewage system, 
an increase of one unit in the variable X_2 when other 

explanatory variables exist, the number of cases decreases by 
(0.206504). An increase of one unit in X_3 (explanatory 
variable of the population) increases cases by (18.7219) 
when other explanatory variables exist. Finally, an increase 
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. 

IV.  CONCLUSIONS 

The use of the transformation method in estimating the 
model is considered very important since it possesses an 
effective possibility in correcting the endogeneity within the 
model, which leads to obtaining reasonable estimates with 
approximate characteristics of the estimated model 
parameters. 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. 
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