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Abstract
The eye is a sensory organ with a large area exposed to the atmosphere and, thus, substantially affected by air quality. In this 
study, we developed a prediction model for keratitis, conjunctivitis, and dry eye syndrome (DES) based on the air quality, 
using hospital visit records and data for air pollution, weather, and population. Male and female populations were used as 
independent variables to improve the accuracy of the model. Moreover, developed model was applied to air pollutants and 
meteorological data using nonlinear regression. The results of the incidence rate prediction model for keratitis, conjunctivitis, 
and DES were compared with actual data. Each model is statistically significant (p < 0.05). Based on the nationwide predic-
tion model, regional prediction models for 16 administrative districts were analyzed. In the cases of Incheon and Daegu, 
the model showed high accuracy. However, in the cases of Chungnam and Jeju, the model showed lowest accuracy. Further 
research is necessary for the optimization of regional predictive models for keratitis, conjunctivitis, and DES.
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Introduction

As air pollution has evolved into a global issue, studies on its 
impact on human health are continuously being conducted 
[1, 2]. Air pollutants are known to cause various diseases. 
In particular, criteria air pollutants, including particulate 

matter, ozone, NO2, and SO2, are widely distributed in the 
general atmosphere, and long-term exposure to high concen-
trations is reported to be strongly related to an increase in 
the occurrence of respiratory disorder [3, 4], central nervous 
system [5, 6], cerebrovascular [7, 8], and cardiovascular [9, 
10] diseases.

The eye is an organ that is directly exposed to the atmos-
phere and, thus, to air pollution. Some epidemiological stud-
ies have reported that exposure to polluted air both long-
term and short-term can cause symptoms such as itching and 
body sensation [11–14]. Keratitis and conjunctivitis, which 
are representative eye diseases, are inflammation of the cor-
nea, conjunctiva, and the tissues surrounding the external 
surface of the eyeball [15, 16]. These eye diseases are known 
to be caused by allergic inflammation due to severe air pol-
lution [17, 18]. A recent study indicated a strong correlation 
between air pollution and a rise in the number of eye-related 
outpatient visits. [19]. It has been reported that the number 
of emergency room visits for conjunctivitis and keratitis 
patients increased in the presence of high concentration of 
air pollutants [20, 21]. In addition, it has been reported that 
damage to the ocular surface by air pollutants induces tear 
film instability, leading to dry eye syndrome (DES) [22–24]. 
One study investigated the association between DES and 
SO2 concentrations [25], and another study examined the 
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link between outpatient visits for conjunctivitis and SO2 
concentrations [26]. The association between O3 levels and 
DES was examined, and it was established that elevated O3 
concentrations and reduced atmospheric moisture contents 
were linked to the patients visits of DES in the Korean popu-
lation [27]. Although many studies have been conducted to 
find the correlation between individual air contaminants and 
eye diseases, only few studies have identified the correla-
tion between the occurrence of eye diseases according to 
various standard air pollutants, sex, and regional air quality 
characteristics.

In 2018, Seo et al. developed a predictive model for con-
junctivitis by analyzing the weekly average of air pollutants 
and meteorological factors in Seoul, and the conjunctivitis 
incidence rates from 2011 to 2013 [28]. A feature of this 
predictive model is that it is a multilevel regression model 
with sex and age as independent variables. In 2020, Youn 
et al. developed a prediction model for DES incidence rate 
using the monthly data of air pollutants and meteorological 
data of nationwide in Korea [29]. The study in this model 
focused on understanding the link between the population 
rate across different age groups and the incidence rate of 
DES. By incorporating the population rate as an independ-
ent variable, the precision of the model was significantly 
improved. Youn et al. [29] further developed a predictive 
model to identify the correlation between baseline air pol-
lutants and DES; however, it did not designate sex as an 
independent variable. Since epidemiological studies have 
established a connection between environmental elements 
and eye diseases, there is a need to create a model that can 

forecast the occurrence of keratitis, conjunctivitis, and DES 
resulting from air pollution, to aid in public health research.

In this study, a previously developed DES incidence rate 
prediction model was further developed into keratitis and 
conjunctivitis prediction models. In addition, we analyzed 
air pollutants and meteorological factors corresponding to 
eye diseases incidence data, developed an environmental 
eye disease incidence rate prediction model based on the 
nationwide prediction model, and analyzed regional devia-
tions in this model.

Methodology

Record of Hospital Visits

The Health Insurance Review and Assessment Service 
(KHIRAS) supplied the hospitalization data for kerati-
tis, conjunctivitis, and DES in Korea from January 2002 
to December 2013. Based on the disease code, data were 
obtained for a total of 5,874,259 patients for all eye diseases, 
that contains 347,635, 653,087, and 503,180 patients with 
keratitis, conjunctivitis, and DES, respectively. The ophthal-
mic outpatient data were classified by the Korea Institute 
of Health based on diagnosis history without patients’ per-
sonal information. More than 95% of public health insurance 
information was acquired by the National Health Insurance 
Service (NHIS) of Korea [30].

Fig. 1   Monthly average of eye disease outpatient rates from 2002 to 2013
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Prediction Model Development

For the development of the model, monthly averages of both 
environmental and eye disease outpatient data were utilized. 
Nevertheless, since the prediction model based on daily 
averages might be influenced by weekend and holiday data, 
there was a need to incorporate variables associated with 
the day of the week. As a result, data were examined on a 

weekly or monthly scale, omitting variables related to spe-
cific days of the week. In previous studies using three-year 
data, we used weekly averages because the amount of data 
obtained using monthly averages was small [28]. However, 
as this model utilized 14 years (2002–2015) statistical data, 
it was appropriate to use the monthly average data to mini-
mize errors arising from delays in hospital treatments due to 
weather conditions. In addition, it was more appropriate to 

Table 1   Nationwide 
correlations among model input 
parameters

 × 2  × 3  × 4  × 5 z1 z2 z3 z4 y1 y2 y3

 × 1 0.616 0.569 0.183 0.506 − 0.447 − 0.643 0.429 0.278 − 0.391 − 0.545 − 0.272
 × 2 1.000 0.815 − 0.324 0.835 − 0.841 − 0.784 0.185 0.821 − 0.317 − 0.652 − 0.176
 × 3 1.000 − 0.350 0.876 − 0.837 − 0.735 0.350 0.718 − 0.400 − 0.619 − 0.226
 × 4 1.000 − 0.559 0.414 0.035 0.151 − 0.570 0.306 0.349 0.274
 × 5 1.000 − 0.815 − 0.649 0.274 0.777 − 0.598 − 0.766 − 0.477
z1 1.000 0.833 − 0.479 − 0.907 0.223 0.553 0.025
z2 1.000 − 0.574 − 0.729 0.255 0.541 0.062
z3 1.000 0.230 − 0.184 − 0.254 − 0.041
z4 1.000 − 0.188 − 0.509 − 0.039

Table 2   Annual correlations between outpatient rates and air pollutant and meteorological data by disease

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

y1  × 1 − 0.393 − 0.220 − 0.220 − 0.265 − 0.203 − 0.489 − 0.452 − 0.405 − 0.082 − 0.348 − 0.418 − 0.325
 × 2 − 0.369 − 0.241 − 0.169 − 0.250 − 0.317 − 0.324 − 0.213 − 0.339 − 0.425 − 0.352 − 0.418 − 0.402
 × 3 − 0.407 − 0.305 − 0.278 − 0.377 − 0.384 − 0.544 − 0.560 − 0.630 − 0.517 − 0.420 − 0.542 − 0.527
 × 4 0.433 0.429 0.264 0.359 0.605 0.567 0.661 0.677 0.752 0.694 0.537 0.383
 × 5 − 0.410 − 0.454 − 0.285 − 0.184 − 0.422 − 0.556 − 0.627 − 0.584 − 0.601 − 0.550 − 0.447 − 0.495
z1 0.431 0.580 0.544 0.712 0.758 0.646 0.622 0.638 0.576 0.608 0.580 0.576
z2 0.262 0.059 0.017 − 0.224 − 0.199 − 0.428 − 0.297 − 0.226 − 0.150 0.011 0.104 − 0.030
z3 0.146 0.199 0.016 0.245 0.259 0.387 0.395 0.388 0.263 0.355 0.323 0.266
z4 0.370 0.342 0.360 0.345 0.343 0.411 0.367 0.407 0.354 0.403 0.302 0.429

y2  × 1 − 0.524 − 0.236 − 0.131 − 0.200 − 0.157 − 0.452 − 0.332 − 0.384 − 0.282 − 0.450 − 0.408 − 0.492
 × 2 − 0.533 − 0.207 − 0.015 − 0.113 − 0.195 − 0.206 − 0.115 0.005 − 0.134 − 0.139 − 0.121 − 0.263
 × 3 − 0.449 − 0.037 − 0.215 − 0.298 − 0.388 − 0.531 − 0.436 − 0.369 − 0.159 − 0.326 − 0.252 − 0.391
 × 4 0.279 − 0.139 − 0.128 0.071 0.055 0.091 0.204 − 0.071 0.178 0.335 0.081 0.158
 × 5 − 0.124 0.447 0.126 0.249 − 0.127 − 0.115 − 0.228 − 0.189 − 0.359 − 0.317 − 0.404 − 0.423
z1 0.332 − 0.189 − 0.208 0.045 0.238 0.422 0.363 0.256 0.479 0.436 0.248 0.295
z2 0.316 0.364 0.376 0.197 0.135 − 0.268 − 0.336 − 0.242 − 0.326 − 0.121 0.013 0.075
z3 0.006 − 0.213 − 0.351 − 0.212 − 0.160 − 0.088 − 0.056 − 0.138 0.066 0.144 0.090 0.075
z4 0.529 0.477 0.416 0.548 0.647 0.444 0.433 0.364 0.352 0.563 0.530 0.606

y3  × 1 0.488 0.287 0.555 0.373 0.151 0.290 0.232 0.012 − 0.034 0.188 0.286 0.147
 × 2 0.475 0.330 0.400 0.377 0.183 0.344 0.252 0.283 0.296 0.284 0.226 0.154
 × 3 0.153 − 0.069 0.134 0.155 0.036 0.127 0.173 0.290 0.324 0.421 0.262 0.391
 × 4 0.128 0.049 − 0.186 − 0.436 − 0.260 − 0.478 − 0.382 − 0.395 − 0.305 − 0.374 − 0.146 − 0.066
 × 5 − 0.089 − 0.017 0.019 − 0.112 − 0.164 0.075 0.013 − 0.088 − 0.096 − 0.16 − 0.381 − 0.422
z1 0.119 0.149 − 0.066 − 0.090 − 0.100 − 0.024 − 0.070 − 0.038 0.043 − 0.005 0.028 0.241
z2 − 0.216 − 0.232 − 0.311 − 0.423 − 0.198 − 0.309 − 0.211 − 0.260 − 0.360 − 0.361 − 0.339 − 0.477
z3 0.266 0.134 0.081 − 0.103 0.024 − 0.075 − 0.128 − 0.052 − 0.052 − 0.025 − 0.122 − 0.015
z4 − 0.149 − 0.097 − 0.158 − 0.130 − 0.013 − 0.117 − 0.133 − 0.062 − 0.068 − 0.084 − 0.004 0.026
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use monthly averages rather than annual or weekly averages 
to analyze the seasonal effects on incidences of eye diseases. 
The incidence rate of eye diseases is provided in Eq. (1). The 
incidence rates of eye diseases were calculated separately for 
both nationwide and regional levels.

Here, α is incidence rate, β is outpatients of each eye 
disease keratitis, conjunctivitis, or DES, and population, and 
γ is population of total number of individuals living in the 
administrative district. Initially, a correlation analysis was 

(1)� =
number of �

�

conducted to determine the factors most significantly affect-
ing the number of patients with keratitis, conjunctivitis, and 
DES. This was achieved by employing the monthly aver-
ages (nationwide) for disease incidence, levels of air pol-
lutants, and meteorological elements. We created a model 
to predict the nationwide incidence rates of keratitis, con-
junctivitis, and DES by applying a general regression model 
to the results of the analysis. Then, model for administra-
tive district was developed by using same methodology as 
nationwide model.

Fig. 2   Nationwide outpatient rates by sex and age, for: a keratitis, b conjunctivitis, and c dry eye syndrome

Table 3   Correlations between 
outpatient and population rates, 
by eye disease

Nationwide Administrative district

y1 y2 y3 y1 y2 y3

M − 0.794 − 0.421 − 0.898 − 0.031 0.029 0.217
M1 − 0.793 − 0.424 − 0.954 − 0.445 − 0.385 − 0.742
M2 − 0.587 − 0.402 − 0.565 − 0.06 − 0.086 − 0.174
M3 − 0.813 − 0.457 − 0.963 − 0.624 − 0.445 − 0.504
M4 − 0.841 − 0.487 − 0.947 − 0.327 − 0.284 − 0.389
M5 0.579 0.223 0.788 0.252 0.11 0.341
M6 0.825 0.483 0.951 0.545 0.466 0.82
M7 0.838 0.473 0.949 0.208 0.174 0.248
M8 0.829 0.473 0.944 0.33 0.317 0.356
M9 0.818 0.478 0.92 0.0201 0.12 0.037
F 0.794 0.421 0.898 0.031 − 0.03 − 0.217
F1 − 0.797 − 0.428 − 0.957 − 0.433 − 0.377 − 0.737
F2 − 0.609 − 0.391 − 0.616 − 0.06 − 0.108 − 0.303
F3 − 0.816 − 0.46 − 0.961 − 0.49 − 0.377 − 0.453
F4 − 0.845 − 0.497 − 0.942 − 0.244 − 0.223 − 0.289
F5 0.568 0.191 0.752 0.165 0.073 0.384
F6 0.825 0.485 0.952 0.53 0.461 0.805
F7 0.835 0.473 0.9272 0.031 0.045 0.011
F8 0.823 0.46 0.946 0.261 0.232 0.211
F9 0.827 0.486 0.934 0.172 0.129 − 0.063
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Data Acquisition

Air pollutants and meteorological data were acquired every 
1 h from January 1, 2002, to December 31, 2015, and 254 air 
pollution monitoring networks were recovered. Each admin-
istrative district had 3–70 monitoring sites (Fig. S1). The 
hourly measured meteorological factors were obtained from 
a same location of monitoring site, then monthly averages 
were calculated for the entire country as well as separately 
administrative districts in Korea.

Results

Monthly Patterns

Figure 1 shows the nationwide average monthly incidence 
rates of eye diseases from 2002 to 2013. Keratitis, conjunc-
tivitis, and DES showed an increasing trend in the annual 
average. Keratitis and conjunctivitis showed seasonal char-
acteristics, such as an increased incidence in July–Septem-
ber when the T and RH are high; however, DES showed 
no direct seasonal characteristics. Outliers were only seen 
in keratitis and conjunctivitis, and appeared in September 
2002, 2003, and 2007. As these outliers could distort the 
model, they were excluded from the prediction model devel-
opment (dashed circles in Fig. 1). The monthly average air 

pollutant and meteorological data are shown in Figs S2 and 
S3, respectively.

Correlation Analysis

Air pollutants and meteorological factors were normalized 
using Eq. (2) in order to adjust the scale of factors in the 
developed prediction models, 4 was included to Eq. (2) to 
eliminate negative results:

where µ refers mean value and σ refers standard deviation 
of data. Equation (3) describes the z-score (z) which esti-
mates a standardized measure of the distance between the 
data deviates and σ.

Table S1 summarizes the details of the variables used in 
the model. In previous study, the population rates were used 
regardless gender [29]. In this study, the population rates are 
used separately for men and women in order to improve the 
accuracy of prediction model.

Table 1 displays the correlation coefficients between the 
incidence rates of keratitis, conjunctivitis, and DES and the 

(2)Normalized data =
Original data − �

�
+ 4

(3)z =
Original data − �

�

Table 4   Prediction model for 
nationwide test results

Keratitis Conjunctivitis Dry eye syndrome

Terms Coefficients Terms Coefficients Terms Coefficients

(Intercept) − 1.903 (Intercept) − 0.260 (Intercept) − 1.184
M 3.770 M 0.588 M 2.424
M3 0.950 M1 3.854 M1 2.544
W3 − 0.691 W1 − 4.113 W1 − 3.356
M6 1.814 M3 − 2.560 M6 0.902
W6 − 1.884 W3 1.703 W6 − 0.792
M7 3.218 M4 − 0.506 z1 0.0001
W7 − 2.972 W4 0.747 log(z2) − 0.001
exp(× 4) 2.53 ×10–6 M6 − 1.235 exp(z3) − 1.15 ×10–7

exp(z1) 9.88 ×10–6 W6 1.475 z4 − 2.42 ×10–7

z2 0.0001 exp(× 4) 5.73 ×10–6

z3 − 1.93 ×10–5 exp(z1) 3.34 ×10–5

log(z4) 0.002 exp(z2) 3.61 ×10–6

exp(z3) 1.44 ×10–6

log(z4) 0.005
In-sample test
 p-value  < 2.2×10–16 p-value  < 2.2 ×10–16 p-value  < 2.2 ×10–16

 R2 0.924 R2 0.897 R2 0.955
 Adjusted R2 0.912 Adjusted R2 0.879 Adjusted R2 0.950

Out-of-sample test
 R2 0.920 R2 0.870 R2 0.951
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air pollutants and meteorological data. There seems to be a 
positive correlation between the increase in O3 (× 4) over 
the years and the incidence rates of keratitis, conjunctivitis, 
and DES. To verify the relationship between the variables 
and the eye diseases, the correlation coefficients were cal-
culated for each year and for each eye disease, as presented 
in Table 2. By eliminating the annual pattern of each air 
pollutant and meteorological factor, the correlation analysis 
revealed the seasonal influence of these variables on the eye 
diseases. As reported by Youn et al. [29], the incidence rate 
of DES increases when humidity is low and NO2 concentra-
tion is high. Moreover, z4 (AP) was found to be positively 

correlated with keratitis and conjunctivitis, but negatively 
correlated with DES.

Figure 2 shows the average incidence rates of keratitis, 
conjunctivitis, and DES by sex and age group, and the three 
eye diseases show differences in patterns. First, the inci-
dence rate of keratitis increased from age 0 to age 30 in 
females, whereas, it increased until age 20 and decreased 
rapidly after that in males (Fig. 2a). The incidence rate of 
keratitis for women over 10 years of age was higher than 
that of men, and it was analyzed that there was no significant 
difference between the incidence rates for males and females 
over 40 years of age. Only males under the age of 10 years 

Fig. 3   Incidence rates versus prediction of in-sample and out-of-sample for nationwide: a keratitis, b conjunctivitis, and c dry eye syndrome
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had a higher incidence rate. In the case of conjunctivitis, 
the incidence rate decreased until the age of 30 years for 
both men and women, and then increased again after the 
age of 30 years (Fig. 2b). For the incidence rate of DES, a 
consistent rise was noticed in male from 10 to 80 s (Fig. 2c). 
In female, the incidence rate escalated in 20 s, experienced 
a minor decline from their 30 s to 40 s, and then saw an 
increase again in 70 s. Female incidence rates were higher 
than those for male over the age of 10 years. The only com-
mon finding among keratitis, conjunctivitis, and DES is that 
the incidence rate in men under the age of 10 years is higher 
than that in women.

Table 3 shows the correlation between the incidence rates 
of keratitis, conjunctivitis, and DES and the population rate 
for each sex and age group. Youn et al. selected a population 
rate, from nationwide and regional data, with a high correla-
tion as an independent variable only for DES [29].

Prediction Model Results

Table 4 displays the predictive models for the incidence rates 
of keratitis, conjunctivitis, and DES. Unlike previous studies 
[29], this research used linear, log, and exponential functions 
as independent variables in the regression models for each 
air pollutant and meteorological variable to develop more 
accurate predictions. The models also included a variable 
“M” representing males to account for different population 

rates by sex. Regarding air pollutants and meteorological 
factors, variables identified to have an impact through cor-
relation analysis were included in each model, and the one 
with the highest absolute value of correlation was added 
incrementally. The function with the best predictive power 
was chosen by evaluating logarithmic, exponential, and lin-
ear functions. In all three eye disease models, the p-value 
was less than 0.05, in the in-sample and out-of-sample tests, 
which was statistically significant. In-sample test R2 values 
for keratitis, conjunctivitis, and DES were 0.924, 0.897, and 
0.955, respectively. Out-of-sample test R2 values for kera-
titis, conjunctivitis, and DES (previous study [29]) were 
0.920, 0.870, and 0.951 (0.9443), respectively.

Figure 3 displays the predicted incidence rates of kerati-
tis, conjunctivitis, and DES using both in-sample and out-
of-sample data from nationwide model. There is a similar-
ity in the trends of the incidence rate results between the 
two sets of data. To examine regional variations in the DES 
model, the data were divided into administrative districts 
(Table S2). There are seven metropolitan areas and nine 
provincial areas in Korea. Table 5 presents the regional 
prediction models for keratitis, conjunctivitis, and DES, 
which were developed using data from each region. The 
DES model achieved a high R2 is 0.744 (in-sample test) and 
0.760 (out-of-sample test), indicating a good prediction of 
the disease trend. This is an improved result compared to R2 
of previous study [29] which is 0.709 (in-sample test) and 

Table 5   Test results of 
prediction models for 
administrative districts

Keratitis Conjunctivitis Dry eye syndrome

Terms Coefficients Terms Coefficients Terms Coefficients

(Intercept) 0.090 (Intercept) − 0.106 (Intercept) − 0.171
M − 0.133 M 0.222 M 0.319
M3 − 0.139 M1 − 0.204 M1 − 0.462
W3 − 0.117 W1 0.338 W1 0.549
M6 − 0.339 M3 − 0.321 M6 − 0.252
W6 0.305 W3 0.215 W6 0.478
M7 0.410 M4 − 0.098 log(× 2) 7.11 ×10–5

W7 − 0.458 W4 0.012 z1 0.0005
exp(× 4) 2.89 ×10–6 M6 − 0.353 log(z2) − 0.001
exp(z1) 1.49 ×10–5 W6 0.477 exp(z3) − 3.22 ×10–7

z2 1.88 ×10–5 exp(× 4) 2.27 ×10–6 z4 0.0003
z3 0.0003 exp(z1) 2.72 ×10–5

log(z4) 0.003 exp(z2) 3.65 ×10–6

exp(z3) − 8.70 ×10–7

log(z4) 0.003
In-sample Test
 p-value  < 2.2 ×10–16 p-value  < 2.2 ×10–16 p-value  < 2.2 ×10–16

 R2 0.681 R2 0.574 R2 0.744
 Adjusted R2 0.678 Adjusted R2 0.570 Adjusted R2 0.742

Out-of-sample Test
 R2 0.671 R2 0.579 R2 0.760
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0.722 (out-of-sample test). However, the models for keratitis 
and conjunctivitis had relatively low coefficient of determi-
nation in the regional models compared to the nationwide 
model.

Figures 4 and 5 display the results of comparing the pre-
dicted values for Area 27 (Daegu) and Area 28 (Incheon) 

with the actual data, respectively. As shown in the graphs, 
the overall trend is well aligned. However, the prediction 
model did not fit well in regions such as Chungnam (44) 
and Jeju (49). By developing a separate prediction model 
for each district, it is possible to create a model that can 
achieve a high R2 value, like the prediction model for the 

Fig. 4   Incidence rates versus prediction of in-sample and out-of-sample for Daegu (27): a keratitis, b conjunctivitis, and c dry eye syndrome
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entire nation. When using the regional prediction models, 
the decrease in R2 indicates that there are other factors that 
contribute to regional differences, in addition to the factors 
used in these prediction models. For example, it may be the 
variation in the degree of harmfulness of air pollutants by 
region or the living environment of people in each region. 
Therefore, further regional studies are required.

Conclusion

In this study, disease patterns for conjunctivitis, keratitis, 
and DES were analyzed, and a predictive model was devel-
oped. First, a correlation analysis was conducted between 
disease incidence rates, air pollutants, and meteorological 
factors, which was used as basic data for model develop-
ment. As the previously developed DES model was a popu-
lation model that did not differentiate results based on sex, 
this study developed an optimized model for three diseases 
and simultaneously divided the population rate variable 

Fig. 5   Incidence rates versus prediction of in-sample and out-of sample for Incheon (28): a keratitis, b conjunctivitis, and c dry eye syndrome
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by sex, i.e., male and female. In addition, since nonlinear 
functions were considered for air pollution factors and mete-
orological factors, it showed a significant increase in the 
accuracy of the model. A nationwide model was developed 
first, followed by models suitable for each region. In Incheon 
and Daegu, the models fit very well, but there are also areas 
(Chungnam and Jeju) where they do not fit. The deviation 
of the accuracy of the nationwide prediction models and the 
regional prediction models shows that there are additional 
regional factors affecting conjunctivitis, keratitis, and DES. 
Therefore, further research is needed on the deviation study 
between the nationwide and the administrative districts mod-
els, the development of a weekly prediction model, and the 
creation of a predictive model utilizing artificial intelligence.
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