
TDV: Intelligent System for Thyroid Disease 

Visualization  
 

Jamil Ahmed Chandio 

Department of Computer Science 

Sukkur Institute of Business Administration 

Airport Road Sukkur, Pakistan 

Jameelahmed.phdcs@iba-suk.edu.pk 

Attaullah Sahito 

Department of Computer Science 

Sukkur Institute of Business Administration 

Airport Road Sukkur, Pakistan 

Attaullah.mscs2013@iba-suk.edu.pk 

 

M. Abdul Rehman Soomrani 

Department of Computer Science 

Sukkur Institute of Business Administration 

Airport Road Sukkur, Pakistan 

rehman@iba-suk.edu.pk 

Siraj Ahmed Abbasi 

Department of Radiotherapy 

LINAR Cancer Hospital 

Larkana, Pakistan 

drsirajabbasi@yahoo.com 

 

 
Abstract— Recently; AI based methods are frequently used in 

healthcare industry to unfold historical hindsight to explore the 

insight and envisage the foresight. For example, identification of 

epidemiological patterns of thyroid disease in targeted area(s) 

supports healthcare industry stakeholders (government agencies, 

health organizations, NGOs, policy makers and so on) in 

formulating proper policies to combat such kind of fatal diseases. 

Also, predictive Future Visualization (FV) of prevalence patterns 

of the thyroid disease is really helpful for these stakeholders to 

properly focus on specific area(s). This paper offers a system so 

called TDV: Intelligent System for Thyroid Disease Visualization, 

which offers a potential surveillance pattern of thyroid disease to 

policy makers for next ten years (2013-2022) by presenting thyroid 

disease prevalence facts of past ten year (2002-2012). The 

methodology of our system comprises upon three main steps, in 

first step, we apply data preprocessing techniques. In second step; 

we construct the decision model using Time Series Regression 

(TSR) in R software, finally we visualized the results by using a 

geographic map plotted in Q-GIS. As per results of our approach, 

we conclude that thyroid disease may increase more than 15% for 

next ten years in age group 21-30 and female gender is more prone 

to be affected from thyroid disease. 

 

Keywords— Datamining, GIS, Time Series Regression, Thyroid 

Disease, Disease Surveillance 

I.  INTRODUCTION  

Recently; Future Visualization (FV) of disease patterns have 

been witnessed one of the well-stablished research area of 

Machine Learning (ML) and AI base techniques are vastly used 

to visualize various kinds of environmental problems over the 

world map such as prevalence patterns of malaria, hepatitis, and 

cardiac and so on. Specially; thyroid disease is increasing in 

world papulation due to various global factors such as constantly 

development of various technological revolutions, distortion of 

ozone layer, changes in living styles, rapid increase in global 

warming and others.  Many countries are facing pollution as a 

common problem on account of un-safe industrial installations, 

atomic reactions such as Chernobyl and etc. Since all above 

stated environmental factors are potential contributing factors to 

effect the human health and identification of these 

epidemiological patterns have great importance for healthcare 

Stakeholders (such like government agencies, health 

organizations, NGOs, policy makers and so on) to formulate 

proper policies to combat such kind of fatal diseases. Using 

machine learning systems very nice research approaches [4], [5], 

[7], [9] have been seen over the past few years to visualize 

prevalence patterns of different kinds of diseases but some of 

them could not be favorable globally due to heterogeneous 

social and environmental factors such as age, gender, race, and 

others. Mostly these contributing factors are heterogeneous at 

different geographic coordinates for instance; in continent of 

Africa and Europe we may find dissimilar environmental 

elements and our local attributes are also diverse in 

topographies. In-order to mitigate all above stated problems this 

research article proposes a system so called TDV: (Intelligent 

System for Thyroid Disease Visualization) for thyroid disease 

and presents a method to assist the policy makers to focus their 

attention over the targeted areas.  The purpose of this article is 

to discover insight historical hindsight and to explore the insight 

and envisage the foresight. Since such kind of predictive 

visualization of future prevalence patterns is really helpful for 

these stakeholders as stated above. Methodology of our system 

comprises over three major stages, in first stage; data 

preprocessing operations are performed such as data smoothing 

and others. In second stage; we construct a decision model using 

Time Series Regression (TSR) to explore the potential 

prevalence pattern of thyroid disease with ten year data such as 

2002 to 2012. In third stage we forecast the data by using GIS 

systems and R software. Finally we visualize the results by using 

a geographic map plotted in Q-GIS. The results show that 

thyroid disease is found with higher frequency in the age group 
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of 21-30, whereas, male: female ratio 1:3 is seen and the results 

are shown on GIS based map. 

This paper is organized in six sections, section I is used 

to present the introduction, section II is labeled to literature 

review, section III is used for background information, 

methodology is defined in section IV, results are presented in 

section V and conclusion is discussed in section VI. 

II. LITERATURE REVIEW  

Basically our approach deals with the predictive modeling in 
machine learning to visualize the thyroid disease patterns over 
the GIS (Geographic Information System) maps and some of the 
very nice related works have been seen over the past few years 
and presented as bellow. 

A study [4] was conducted to evaluate the thyroid disease 
contributing factors. The results of this study show that iodine 
deficiency is one of the major contributing factor for thyroid 
disease occurrences. Our approach proposes a method for 
forecasting of medical data by considering the estimated Future 
Visualization (FV) of thyroid disease.  

A comparative analysis [5] of two AI base techniques for 
thyroid disease was presented, i.e. C.45 and appriori algorithms. 
In conclusion, authors presented the advantages and 
disadvantages of appriori algorithm. According to author, iodine 
deficiency may be associated with increasing incidences of 
thyroid disease. We use Time Series Regression (TSR) and 
visualize thyroid disease frequencies on spatio-temporal maps of 
respective coordinate system. 

A study [6] was conducted on thyroid disease to identify the 
correlation of thyroid disease with infertile women. Authors 
conclude that thyroid dysfunction is one of the contributing 
factors for infertility since iodine insufficiency would assume to 
be one of the key contributing cause in infertile women. The 
purpose of our approach is to propose a system assist the policy 
makers to combat different diseases. 

A study [7] was conducted to investigate the effects of 
smoking over thyroid hormones. Authors conclude that there are 
higher chances for chronic smokers, since new smokers may 
also be considered at risk to be one of the casualty of thyroid 
disease. Our system provides recommendations to policy 
makers by predicting the thyroid disease frequencies at more 
granular levels such as age, gender and so on. 

A study [8] was conducted at regional level (such as districts 
of North-West Frontier Province of Pakistan) on thyroid disease 
from the perspectives of race, gender and socio-economic 
conditions of local populations. Authors conclude that race and 
socio economic conditions are one of major causes which may 
be involved in spread of thyroid disease in their region. The 
results of such studies may find more effective support by using 
Machine Learning (ML) techniques in-order to estimate the 
future patterns. 

A study [9] conducted on thyroid disease to assess the 
hormone levels. Authors concluded that only TSH test is not 
enough to fix a diagnosis. However they recommended that all 
thyroid hormone tests may be examined to find the obligatory 
views for abnormal TSH values. Since the result visualization 
on coordinate system could be more favorable to policy makers 

and proposed system may be used as tool to visualize such kind 
of medical studies.  

A. Current state of art 

A recent a study [24] on cancer disease visualization is 
conducted by National Health Institute (NIH) of USA to 
visualize cancer disease. A study [25] was conducted in China 
to visualize esophageal cancer disease. Malarial disease was 
presented on geographic maps [26] in China. Our proposed 
method is novel from other approaches because we forecast the 
medical data by considering the temporal changes in spatial 
objects at more granular levels of coordinate system such as 
administrative areas so called districts. For example in our use 
case, we have presented the hidden knowledge of thyroid disease 
datasets on thematic maps since diseases are prone to be 
converted into serious problem among the local papulation and 
system would provide more meticulous assistance to initiate the 
thyroid disease control programme at the concerned coordinates.  

III. BACKGROUND INFORMATION 

Thyroid disease is one of the common disease worldwide 
and mostly it occurs due to iodine deficiency but there are some 
other contributing factors. Thyroid gland is one of the endocrine 
gland situated at middle front of neck and it secrets thyroid 
hormones and include them in blood stream. Thyroid gland 
hormones are responsible to assist in metabolism process and to 
keep the keep human body warm, active and etc. These 
hormones are also responsible to provide assistance to organs 
such as; nerve control and others, but due structural or functional 
changes of thyroid gland, normal routines of human cells and 
tissues may become distressed. 

 

 
Figure 1: Thyroid goiter and thyroid scans 

In figure [1], a patient is presented with huge palpable mass 
suggested thyroid nodular enlargement and this patient may 
undergo the surgical procedure 

There are two integral aspects of the this disease, firstly in 
known as functional abnormalities and other one is known as 
structural level abnormalities such as nodules, multiple nodular 
goiters, cold nodule, hot nodule, diffused goiters and so on. 
Functional as well as structural level changes are an alarming 
situation, where physician has to decide carefully from the 
potential occurrences of cancer. Thyroid functional tests are 
examined by conducting thyroid such as T3 (triiodothyronine), 



T4 (thyroxine), and TSH (Thyroid Stimulating Hormone). 
Thyroid disease is sub-divided into five distinct levels, such like, 
Euthyroid, hypothyroid, hyperthyroid, sub-clinical hypothyroid 
and sub-clinical hyperthyroid. Hypothyroid is a state of 
functional abnormality of thyroid hormones, where thyroid 
gland produces over production of thyroid hormones, inversely, 
in hyperthyroid a very little amount of thyroid hormones is 
secreted by thyroid gland. Structural changes occur mostly in 
both states either the thyroid lobes try to secret follow of 
hormones under or over flow. Traditionally, thyroid nodules are 
removed from the perspectives of cosmetic reasons or potential 
occurrence of cancer but at some of the occasions these goiters 
are removed due to cosmetic reasons in younger ages. 

IV. METHODOLOGY 

This paper presents a predictive methodology [Figure 2] that 
would be used in forecasting and visualization of spatial-
temporal data. Our methodology consists upon several sub-steps 
for instances data preprocessing, build model and forecast.  

A. Pre-Processing 

In our use case we use ten year real-world datasets of 

thyroid disease. We prepare data by applying sub-steps such as 

load data, count observations and data smoothing. Used thyroid 

disease datasets contains spatial and temporal attributes such as, 

age, T3, T4, TSH, district, gender, disease and so on, but spatial 

coordinates such like longitude and latitude information was 

merged by including coordinates of concerned administrative 

areas in shape of point, line and polygon. We constructed our 

own datasets containing the thematic attributes of disease and 

shape files [22] were used with open source spatio-temporal 

software such as Q-GIS for visualization of disease 

epidemiology. As the matter of fact GIS (geographic 

information system) systems have become more popular due to 

higher support of spatial queries and visualization services, 

since these systems are powered by SQL Query services such 

as; Q-GIS and others. Field base and object base models can be 

presented with interactive maps.  

B. Load data  

R Studio is one the important tool for the application of 

machine learning techniques and above stated disease datasets 

were loaded into R-Studio. Since time series smoothing 

operation is difficult to maintain and we applied our smoothing 

operation as discussed below.  

Let D as a Dataset which is combination of row and column 

vectors, represented by 𝑑 = (𝑥, 𝑦), residing variables on x-axis 

are considered as, x= (𝑥1
𝑡 , 𝑥2

𝑡 , … … … … . . 𝑥𝑛
𝑡𝑛) and y-axis 

variable on y-axis are considered as, y=(𝑦1
𝑡 , 𝑦2

𝑡 , … … … … . . 𝑦𝑛
𝑡𝑛) 

contain the data, let,  time is an interval may be designated as t, 

where t= (𝑡𝑦+1
  , 𝑡𝑦+2

 , … … … … . . 𝑡𝑦+𝑛
 ) it is a consistent  interval 

to be examined such as t={2002,2003…..n},therefore a dataset 

D is a set of values to be forecasted as  𝑌𝑡,   𝑋𝑡 and ∈1.Consider 

an irregular shape of curves, such set of values are applied with 

smoothing values before creation of time series based model. In 

addition, following expression is a representation of variables 

of thyroid disease and the association between the variables.  

 
With respect to efficient classification tasks we normalize 

the data by applying the data norms and statistical mean, mode 

and Varian’s were extracted for using the following equations. 

In equation (1) we obtained standard deviation to the data and 

the mean operations (2), (3) were applied since the norm (1) and 

(2) are derived to apply data smoothing in more significant way 

and shown in [Figure 3]. 

𝑠2 =
(𝑥1−𝑥)2+⋯+(𝑥𝑛−𝑥)2

𝑛−1


1

𝑛−1
∑ (𝑥1 − 𝑥)2𝑛

1                                          (2) 

𝑠 = √
1

𝑛−1
∑ (𝑥1 − 𝑥)2𝑛

1                              (3) 

𝑁𝑜𝑟𝑚1: 𝑥𝑖𝑗 = 𝑥𝑖𝑗
∗ − 𝑚𝑗                             (4)  

𝑁𝑜𝑟𝑚2: 𝑥𝑖𝑗 =
𝑥𝑖𝑗

∗ −𝑚𝑗

𝑠𝑗
                                  (5) 

Norm (1), (2) were derived from the statistical measures for 

further preprocessing of data and shown in [Figure 4].  We 

applied data smoothing such as𝑦 = 𝑓𝑖𝑡𝑡𝑒𝑑 𝑝𝑎𝑟𝑡 + 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠. 

Since mode 𝑦𝑡 = 𝑎 + 𝛽𝑡 + 𝜖𝑡 where y is carrier of temporal 

objects and other depending slope and intercept variables are 

presented as  + 𝛽𝑡 + 𝜖𝑡 . 

Figure 2: TDV: Intelligent System for Thyroid Disease Visualization Workflow 



C. Time Series Regression (TSR) 

Time Series Regression is used to fit the relational inputs of 

a given dataset D. Let suppose, there are some variables holding 

the data in N by N matrix, where𝐷 =  {𝑦𝑖
𝑡 , 𝑥𝑖1

𝑡 … … . . 𝑥𝑖 𝑛
𝑡 }  𝑖=1

𝑛     , 

is comprising upon n number of probability features since LRM 

(Linear Regression Model) is to be constructed with t number 

of vectors consisting upon  𝑦𝑖
𝑡

 
 . Linear relationship of 𝑦𝑖  and t-

vector using 𝑥𝑖 variables is collection counts  ∈1 error and it is 

a set of randomly unobserved values extracted from dataset D. 

Linear relationship constructed by including error counts of IV 

(independent variables) and DV (Dependent variables) builds 

effective model using LRM and such model may be drawn by 

using the equation number (6) with matrix format as given in 

equation (8) since the same representation be modeled for 

prediction as per equation (7).  

𝑦𝑖
𝑡

 
= 𝜇 + 𝛽0𝑥𝑖0 + 𝛽1𝑥𝑖1 … … + 𝜖𝑡 = 𝑋𝑖

𝑇𝛽 + 𝜖𝑡  (6) 

              𝑦𝑡 = 𝑎 + 𝛽𝑡 +  𝜖𝑡                                      (7) 
 

In expression (6), T variables have been shown as transpose 

of features created in 𝑥𝑖 and β   vector spaces, since 𝑥𝑖 and 

β have been acquired from the fully constructed vectors 

obtained through in-depth analysis of 𝑥𝑖  and T β  vector spaces, 

where all LRM equations can be stacked collectively joined as 

represented in matrix form given bellow. 

𝑦 = 𝑋𝛽 + 𝜖 

Where, 

𝑦 = (

𝑦
1

𝑦
2

⋮

𝑦
𝑛

) , 𝑋 = (

𝑥1
𝑇

𝑥2
𝑇

⋮

𝑥𝑛
𝑇

) = (

𝜖1

𝜖2

⋮

𝜖𝑛

) (

𝑥11 ⋯ 𝑥1𝑝

𝑥21 ⋯ 𝑥2𝑝

⋮ ⋱ ⋮

𝑥𝑛1 ⋯ 𝑥𝑛𝑝

) 

𝛽 = (

𝛽1

𝛽2

⋮
𝛽𝑛

) , 𝜖 = (

𝜖1

𝜖2

⋮
𝜖𝑛

)                                   (8) 

 

In TMR (Timer Series Regression) 𝑌𝑖  vectors are 

considered as regressing quantities since the decision quantities 

of DV are derived by following a fixed threshold as per nature 

of classification problem from dependent and independent 

variable vector spaces where usually {𝑦𝑖
𝑡 , 𝑥𝑖1

𝑡 … … . . 𝑥𝑖 𝑛
𝑡 } 

quantities are considered as input of DV where these quantiles 

may not be perceived the IV (independent variables). In fore-

casting these values have equally importance to visualize the 

time series data as shown in [3] and [4]. 

D. Forecast using Q-GIS Graphs 

Forecasting through the visual maps using GIS systems is 

one of the interactive process for epidemiological problems. We 

preprocessed our data dataset using R-Studio and plotted the 

data into Q-GIS open source software. Administrative areas of 

related districts have been presented with thematic attributes. In 

[Figure 7] the map of Pakistan have been plotted with respect 

to coordinate system and boundaries of selected entities have 

been further subdivided such as upper areas of Sindh are shown. 

We use varying color spectrum for every class label attribute in 

field base model. Spatial attributes in shape of thematic maps 

have been presented with the temporal changes in spatial 

objects. We use predicted values in every map as per temporal 

changes in spatial objects such as [Figure 8] and [Figure 9] have 

been shown to represent the disease severity accordingly. While 

plotting the epidemiological patterns we used spatial operators 

such as Overlap, within, contain and etc.  

V. RESULTS 

 In our use case, we offer a potential surveillance pattern of 
thyroid disease to policy makers for next ten years (2013-2022) 
by presenting thyroid disease prevalence facts of past ten years 
(2002-2012). [Figure 3] is used to represent over all disease 
frequencies of our datasets, the graph shows variation in disease 
frequencies. For example thyroid disease have larger 
frequencies in first five years and last three years and remaining 
years have lower margins. We applied data smoothing operation 
separately for every year that we may fit appropriate model for 
time series data, since data smoothing method may loss the 
useful information if applied on overall data as shown in [Figure 
4] and equation (6). We build the decision model by using Time 
Series Regression to explore the dependencies of variables and 
model have been shown in [Figure 5]. There are two parts of 
[Figure 6] in first part ten year data have been used to construct 
the decision model and in second part prediction of next ten 
years have been plotted. In [Figure 7] map of Pakistan have been 
shown and map of upper Sindh has been derived, where all the 
predicted values have been plotted.  In [Figure 8] and [Figure 9] 
distribution of disease, age and gender is shown.  Overall disease 
have been classified in five levels, level-1 is represented in light 
green colour for Euthyroid, Level-2 is described with more 
higher greenish color for Hyperthyroid, Level-3 is highlighted 
with more green darkish color for hypothyroid, Level-4 is 
defined with dark green color for Sub-Clinical-Hyperthyroid 
and Level-5 is shown with highest dark green color for Sub-
Clinical-Hyperthyroid. The age attribute is also plotted with five 
distinct classes that starts with lightest blue colour to darkest 
blue color depending upon the age related frequencies with five 
levels such from 1-10, 11-20, 21-30, 31-40 and greater than 40. 
The gender is divided in two categories with Blue and Red 
colour, where blue color is used for female gender and red colour 
is used to represent the male gender.  

 

Figure 3: Temporal data from year 2002 to 2012 



 

Figure 4: Data smoothing process applied 

 

 

Figure5: Model fitting with Time Series Regression (TSR) 

 

Figure 6: Prediction for next ten years from 2013 to 2022 

 

Figure 7: Geographic map of Pakistan and targeted areas  

 
Figure 8: Geographic map for 2002-2012 

 [Figure 8] describes overall frequencies for thyroid disease 
sub-classes respectively; Hypothyroid 5%, Euthyroid 62%, 
Hyperthyroid 9%, Subclinical hypothyroid 4%, Sub-clinical 
hyperthyroid 21%. Meanwhile, increasing probability is 
observed in the age group 21-30, whereas, the decreasing 
frequencies were recorded in age group greater than 40. The 
thematic attribute for gender shows that female gender is more 
common (represented in blue color) than male gender have 
comparatively less frequencies (shown in red color).  



 

Figure 9: Geographic map for 2013-2022 

whereas in [Figure 9] probabilities of age group 21-30 have been 
seen in increasing order and the decreasing frequencies have 
been perceived for age group 1-10, 11-20 and <40 as per 
following details.  

- For next ten years 25% male would be suffering from 
thyroid disease and 75% female gender may be affected 
from the disease. The weather and other environmental 
factors such as soil and culture would assume to be one 

of the contributing factors for thyroid disease 
incensement may also one of the factors since age and 
may also be considered as thyroid disease promoting 
factors.  

- Prediction for 2013-2022 shows that, thyroid disease is 
exponentially increasing and for next ten years it would 
be raised up to 15 percent in the age group 21-30, and 
specially, this disease would be more common in female 
gender. 

VI. CONCLUSION 

 Decision support systems for Future Visualization (FV) are 
playing very important role during the health policy making 
process. In our use case, we have presented a potential 
surveillance pattern of thyroid disease for next ten years (2013-
2022) by presenting thyroid prevalence facts of past ten year 
(2002-2012). Methodology of our proposed system is 
comprising upon three main steps such as; data preprocessing, 
build model and forecast. In prepressing stage we use data 
smoothing operation specifically without disturbing the flow of 
time series data. In second stage; build model we use Time 
Series Regression (TSR) to construct a decision model for 
prediction in R software (in Appendix-A, we have presented the 
code for reproducibility of methodology). In final stage we have 
presented results in shape of graphs using R software and same 
model has been presented in form of maps using GIS technology 
such as Q-GIS. We conclude that predictive visualization of 
future prevalence for the diseases is helpful for policy makers to 
properly focus upon the specific area(s) because every 
geographic location have different cultural and environmental 
factors such as social system, weather environment, food, age, 
gender, stress, heredity and so on. Our prediction pattern shows 
that thyroid disease would be increased up-to 15 percent in age 
group 21-30 and this disease would be more common in female 
gender. 
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Appendix A: Code for reproducibility in R Software 

(1) Data preparation  

 

(1.1) create a new column  

# Cancer disease analysis and prediction for next 10 years 

using time series analysis 

# 𝐼𝑚𝑝𝑜𝑟𝑡 𝑑𝑎𝑡𝑎 
𝑐𝑑 < − 𝑟𝑒𝑎𝑑. 𝑐𝑠𝑣(‘𝑐𝑎𝑛𝑐𝑒𝑟𝐶𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒. 𝑐𝑠𝑣′) 
# 𝑐𝑟𝑒𝑎𝑡𝑒 𝑛𝑒𝑤 𝑐𝑜𝑙𝑢𝑚𝑛 𝑎𝑛𝑑 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑜 0 
𝑐𝑑[′𝑦𝑒𝑎𝑟_𝑐𝑜𝑢𝑛𝑡′] < −0 

 
(1.2) count the total count for every year from given range 

of 2003-2012 
# count total patients for each year and save 

𝑓𝑜𝑟 (𝑖 𝑖𝑛 2003: 2012){ 
  𝑦 < −𝑛𝑟𝑜𝑤(𝑠𝑢𝑏𝑠𝑒𝑡(𝑐𝑑, 𝑦𝑒𝑎𝑟 == 𝑖)) 
  𝑐𝑑[𝑐𝑑$𝑦𝑒𝑎𝑟 == 𝑖, ′𝑦𝑒𝑎𝑟_𝑐𝑜𝑢𝑛𝑡′] < −𝑦 
} 
# created a vecctor of patient count in each year 

𝑚𝑦𝑣𝑒𝑐𝑡 < −𝑢𝑛𝑖𝑞𝑢𝑒(𝑐𝑑[, ′𝑦𝑒𝑎𝑟_𝑐𝑜𝑢𝑛𝑡′]) 

 
(1.3) Creation of Time series Object 
# create time series object 

𝑚𝑦𝑡𝑠 < −𝑡𝑠(𝑚𝑦𝑣𝑒𝑐𝑡) 
# Plot time series basic plot 

𝑝𝑙𝑜𝑡. 𝑡𝑠(𝑚𝑦𝑡𝑠) 
 

(1.4) insertion of smoothing value 

# 𝑖𝑛𝑠𝑡𝑎𝑙𝑙 𝑎𝑛𝑑 𝑙𝑜𝑎𝑑 𝑇𝑇𝑅 𝑓𝑜𝑟 𝑆𝑀𝐴 

−𝑠𝑚𝑜𝑜𝑡ℎ𝑖𝑛𝑔 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡𝑖𝑎𝑙/ 𝑙𝑖𝑛𝑒𝑎𝑟  
𝑖𝑛𝑠𝑡𝑎𝑙𝑙. 𝑝𝑎𝑐𝑘𝑎𝑔𝑒𝑠(′𝑇𝑇𝑅′) 
𝑙𝑖𝑏𝑟𝑎𝑟𝑦("𝑇𝑇𝑅") 
#  𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 𝑠𝑚𝑎 𝑜𝑏𝑗𝑒𝑐𝑡 𝑓𝑜𝑟 𝑛 = 2 
𝑚𝑦𝑡𝑠𝑠𝑚3 < −𝑆𝑀𝐴(𝑚𝑦𝑡𝑠, 𝑛 = 2) 
𝑝𝑙𝑜𝑡. 𝑡𝑠(𝑚𝑦𝑡𝑠𝑠𝑚3) 

 

(2)Build Model and finding of best curve fit estimation  

 

#  𝑙𝑜𝑎𝑑 𝑙𝑖𝑏𝑟𝑎𝑟𝑦 𝑓𝑜𝑟 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖𝑛𝑔 
𝑙𝑖𝑏𝑟𝑎𝑟𝑦(𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡) 
#  𝑓𝑖𝑡 𝑎 𝑚𝑜𝑑𝑒𝑙  
𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 < −𝐻𝑜𝑙𝑡𝑊𝑖𝑛𝑡𝑒𝑟𝑠(𝑚𝑦𝑡𝑠, 𝑏𝑒𝑡𝑎 =  𝐹, 𝑔𝑎𝑚𝑚𝑎

= 𝐹 , 𝑙. 𝑠𝑡𝑎𝑟𝑡 = 730) 
# 𝑑𝑖𝑎𝑔𝑛𝑜𝑠𝑡𝑖𝑐𝑠 
𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡$𝑓𝑖𝑡𝑡𝑒𝑑 
𝑝𝑙𝑜𝑡(𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡) 

 

(3) Forecast using R for next ten years 

# 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑢𝑠𝑖𝑛𝑔 𝑚𝑜𝑑𝑒𝑙 𝑓𝑜𝑟 𝑛𝑒𝑥𝑡 10 𝑦𝑒𝑎𝑟𝑠 
𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡2 < −𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡. 𝐻𝑜𝑙𝑡𝑊𝑖𝑛𝑡𝑒𝑟𝑠(𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡, ℎ = 10) 
#  𝑝𝑙𝑜𝑡 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑚𝑜𝑑𝑒𝑙 

𝑝𝑙𝑜𝑡. 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡(𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡2) 


