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Abstract

Based on the Global Tuberculosis Report 2019, Indonesia was
ranked as number three of the highest TB-burden countries.
Tuberculosis (TB) itself is one of the top five leading causes of
Disability-Adjusted Life Years (DALYs) in Indonesia. One health
indicator that can be used to measure TB outbreak in a region is the
Case Notification Rate (CNR). There two goals of this study firstly, is
to give a holistic reflection of TB disease in Indonesia by using the TB
notification rate of each province and secondly, is to predict future TB
outbreak in Indonesia by using the province’s TB notification rate.
The prediction method being used in this study is the Holt’s Weighted
Exponential Moving Average (H-WEMA) method. The prediction
results show that Sulawesi Selatan, DKI Jakarta, Gorontalo, and
Papua are the four provinces predicted to have the highest CNR in the
near future.
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1 Introduction

Tuberculosis (TB), as an infectious disease, remains as one of the big ten diseases
leading to global death [1]. In Indonesia, TB is included in the big five leading
causes of DALYs [2]. DALYs is an abbreviation for Disability-Adjusted Life
Years, which is a measure that can indicate the overall disease burden [3]. It can be
seen as the sum of potential-productive life years lost because of premature
mortality or disability [4].

Based on the Global Tuberculosis Report 2019 from the World Health Organization
(WHO), Indonesia was ranked three as the highest TB-burden countries right after
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India and China [5]. Joko Widodo, the President of the Republic of Indonesia, even
has proclaimed and supported the action called ‘Gerakan Maju Bersama Menuju
Eliminasi Tuberkulosis’ in early 2020 [6]. It shows the commitment of the
Government to enhance the human resource quality, which has become one of the
main focuses of his second period of governing. The infographics of TB situation
in Indonesia based on the data record in 2018 can be seen in [7].

Case Notification Rate (CNR) is a standard health indicator to measure the current
condition of a disease in a country based on the reported notification. In specific,
the number of new and relapse notified TB cases in a given year per 100,000
population is known as the TB notification rate [8]. There are much research had
been done regarding the usage of CNR of TB disease, as can be seen in Gashu et al.
[9], Kanyerere et al. [10], Takarinda et al. [11], and Gebreegziabher et al. [12].
Moreover, CNR prediction of TB disease also had been studied by many
researchers, such as Wang et al. [13] who used SARIMA-GRNN to characterize
monthly TB notification rate in China, Liu et al. [14] who tried to perform
validation research by comparing ARIMA and BPNN model in forecasting
seasonality and trend of PTB in Jiangsu Province, China, and Halim et al. [15] who
applied the fuzzy linear regression algorithm in prediction of TB case in Surabaya
city.

Holt’s Weighted Exponential Moving Average (H-WEMA) was first introduced in
2016 [16]. It combines two popular methods in Moving Average family, namely,
the Weighted Moving Average (WMA) and the Holt’s Double Exponential
Smoothing (H-DES). H-WEMA is relatively easy to understand and to implement
compared to other prediction methods, especially the ones included in the stochastic
models. It also excels in its two-building block methods, i.e., the WMA and H-DES,
in terms of prediction accuracy, as can be seen in [17], [18], and [19].

There two goals of this study firstly, is to give a holistic reflection of TB disease in
Indonesia by using the TB notification rate of each province and secondly is to
predict future TB outbreak in Indonesia by using the province’s TB notification rate.
The prediction method being incorporated in this study is the H-WEMA method,
which will be further discussed in Section 2. Moreover, the prediction results and
analysis can be seen in the following section, and lastly, some concluding remarks
are included in Section 4.

2 Materials and Method

In this section, the dataset being used in the study will be described first,
immediately followed by the prediction method highlighted in the study, i.e., H-
WEMA method.
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2.1 Dataset

The source for TB notification rate in each province in Indonesia was collected
from PUSDATIN Kementerian Kesehatan Republik Indonesia [20]. It publishes the
Health Profile for Indonesia in a yearly report which can be accessed freely by the
visitor. The last report is the health profile report in 2018, which was published in
2019. Table 1 shows the sources used for experiments.

Table 1: Data source
0 Data Source
“Profil Kesehatan Indonesia 2014
“Profil Kesehatan Indonesia 2015
“Profil Kesehatan Indonesia 2016”
“Profil Kesehatan Indonesia 2017
“Profil Kesehatan Indonesia 2018”

A WN Rz

2.2 H-WEMA Method

Holt’s Weighted Exponential Moving Average, abbreviated as H-WEMA, was
proposed by Hansun and Subanar in 2016 [16]. It combines the conventional
Weighted Moving Average method and Holt’s Double Exponential Smoothing,
which excels both the building block methods. H-WEMA procedure, as described
in [18], is as follows.

(@) Find B, using Eq.(1)

Bt — th{=k—n+1 WiAg (1)

k
Et:k—n+1 Wt

(b) Find the predicted value using Eq.(2) — Eq.(4)

Li=aYi+ (1 —a)(Li—q + Ti—q) 2
Te = B(Le = Le—1) + (1 = B)Te-q 3)
Fiyp =L + kT, 4)
where
Ly =B, (5)

Tt—1 =B — Bt (6)
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(c) Back to (a) until each data point has been visited.
Here,

Y; is the observed value in time t

a is the smoothing constant ranged from 0 to 1

B is the trend smoothing constant ranged from 0 to 1

L, is the smoothed constant process value

T, is the smoothed trend value

F;, is the forecast value for period t + k, where k > 0

3 Results and Discussion
3.1 A Five Years Data Reflection

As briefly stated in Section 2, the TB notification rate for each province in Indonesia
was collected from PUSDATIN. The data were collected from 2014-2018 from its
respective annual report. Table 2 depicts the recapitulation of the TB notification
rate in Indonesia.

Table 2: 2014-2018 TB notification rate

No Regions 2014 2015 2016 2017 2018
1 “Aceh” 110 119 114 139 151
2 “Sumatera Utara” 141 165 161 182 238
3 “Sumatera Barat” 134 134 140 175 201
4 “Riau” 75 91 95 152 197
5 “Jambi” 90 114 96 110 140
6 “Sumatera Selatan” 99 116 114 182 234
7 “Bengkulu” 100 100 98 127 191
8 “Lampung” 84 105 110 122 191
9 “Kep. Bangka Belitung” 108 111 110 131 150
10 “Kepulauan Riau” 132 149 175 198 247
11  “DKI Jakarta” 168 222 269 366 410
12 “Jawa Barat” 134 140 149 173 221
13 “Jawa Tengah” 83 111 105 135 197
14 “DI Yogyakarta” 71 73 83 93 99
15 “Jawa Timur” 107 113 125 131 187
16  “Banten” 61 116 121 134 240
17  “Bali” 70 70 73 83 89
18  “Nusa Tenggara Barat” 135 125 122 137 129
19  “Nusa Tenggara Timur” 92 111 119 132 138

20 “Kalimantan Barat” 119 105 107 120 147




5 TB CNR Prediction Using H-WEMA....

21  “Kalimantan Tengah” 101 100 115 131 139
22  “Kalimantan Selatan” 121 128 139 162 223
23 “Kalimantan Timur” 89 118 134 174 176
24  “Kalimantan Utara” 107 109 183 250 216
25  “Sulawesi Utara” 243 238 219 252 273
26  “Sulawesi Tengah” 118 136 137 174 237
27  “Sulawesi Selatan” 133 153 154 197 357
28  “Sulawesi Tenggara” 178 142 148 149 176
29  “Gorontalo” 143 124 145 165 310
30 “Sulawesi Barat” 111 117 128 145 162
31 “Maluku” 218 213 223 249 250
32 “Maluku Utara” 120 150 150 159 130
33 “Papua Barat” 174 235 210 228 245
34  “Papua” 115 216 260 312 347
Indonesia 113 130 136 162 214

In Table 2, the highlighted cells are the four highest CNR for TB disease in their
respective years. Four provinces with the highest CNR in 2014 are Sulawesi Utara
(243), Maluku (218), Sulawesi Tenggara (178), and Papua Barat (174); in 2015 are
Sulawesi Utara (238), Papua Barat (235), DKI Jakarta (222), and Papua (216); in
2016 are DK Jakarta (269), Papua (260), Maluku (223), and Sulawesi Utara (219);
in 2017 are DK Jakarta (366), Papua (312), Sulawesi Utara (252), and Kalimantan
Utara (250); and lastly in 2018 are DKI Jakarta (410), Sulawesi Selatan (357),
Papua (347), and Gorontalo (310).

There are three provinces that are happened to be included in the highest CNR of
TB disease province in Indonesia, namely, DKI Jakarta, Papua, and Sulawesi Utara,
as shown in Fig. 1. Especially DKI Jakarta has an unshakeable position as the
number one province with the highest CNR of TB disease since 2016. Since CNR
could represent the TB epidemic condition in a region, DKI Jakarta, which has
almost twice CNR compare to Indonesia or national CNR arguably takes the most
attention and need further analysis and proper actions by all related stakeholders,
especially the provincial or regional Government.
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2014-2018 TB CNR for Each Province in Indonesia
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Fig. 1: Five years TB CNR in Indonesia
3.2  Prediction Results

Table 3 shows the prediction results for one period ahead using the dataset and the
H-WEMA method. Since the number of historical data is quite small, we used initial
data of 4 and spanned data of 3. The percentage difference of CNR increment or
decrement for each province is also shown in Table 3.

Table 3: Prediction and difference percentage

No Regions Prediction Difference Percentage
Result 14-15 15-16 16-17 17-18 18-Pred
1  “Aceh” 167 8.18 -420 2193 8.63 10.60
2 “Sumatera Utara” 294 17.02 -242 13.04 30.77 23.53
3 “Sumatera Barat” 229 0.00 448 25.00 14.86 13.93
4  “Riau” 244 21.33 440 60.00 29.61 23.86
5  “Jambi” 170 26.67 -15.79 1458 27.27 21.43
6 “Sumatera Selatan” 291 1717 -1.72 59.65 28.57 24.36
7 “Bengkulu” 255 0.00 -2.00 29.59 50.39 33.51
8  “Lampung” 260 25.00 476 1091 56.56 36.13
9  “Kep. Bangka
Belitung” 170 2.78 -0.90 19.09 14.50 13.33
10 “Kepulauan Riau” 296 1288 17.45 13.14 24.75 19.84
11  “DKI Jakarta” 479 3214 21.17 36.06 12.02 16.83
12  “Jawa Barat” 269 4.48 6.43 16.11 27.75 21.72
13  “Jawa Tengah” 259 33.73 -541 28,57 45.93 31.47

14 “DI Yogyakarta” 109 282 13.70 12.05 6.45 10.10
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15 “Jawa Timur” 243 561 10.62 480 4275 29.95
16 “Banten” 346 90.16 431 10.74 79.10 4417
17  “Bali” 97 0.00 429 1370 7.23 8.99
18 “Nusa Tenggara

Barat” 138 -741 -240 1230 -5.84 6.98
19 “Nusa Tenggara

Timur” 150 2065 7.21 1092 455 8.70
20 “Kalimantan Barat” 174 -11.76 190 1215 2250 18.37
21 “Kalimantan Tengah” 151 -0.99 15.00 1391 6.11 8.63
22 “Kalimantan Selatan” 284 579 859 16,55 37.65 27.35
23 “Kalimantan Timur” 203 3258 1356 29.85 1.15 15.34
24 -

“Kalimantan Utara” 298 187 67.89 36.61 13.60 37.96
25 “Sulawesi Utara” 294 -2.06 -7.98 15.07 8.33 7.69
26  “Sulawesi Tengah” 300 1525 0.74 27.01 36.21 26.58
27  “Sulawesi Selatan” 517 1504 065 2792 8122 44.82
28 “Sulawesi Tenggara” 203 -20.22 423 0.68 18.12 15.34
29 “Gorontalo” 455 -13.29 16.94 13.79 87.88 46.77
30 “Sulawesi Barat” 181 541 940 1328 11.72 11.73
31 “Maluku” 264 -229 469 1166 0.40 5.60
32 -

“Maluku Utara” 172 25.00 000 6.00 18.24 32.31
33  “Papua Barat” 262 35.06 -10.64 857 7.6 6.94
34  “Papua” 405 87.83 20.37 20.00 11.22 16.71

As can be inferred from the prediction results, four provinces with the highest CNR
are Sulawesi Selatan (517), DKI Jakarta (479), Gorontalo (455), and Papua (405).
Sulawesi Selatan has surpassed DKI Jakarta because it has a higher increment of
percentage difference in recent years. Moreover, from the difference percentage
increment between 2018 actual data and prediction results, there are three provinces
with the highest percentage, namely Gorontalo (46.77%), Sulawesi Selatan
(44.82%), and Banten (44.17%). Therefore, in future years all stakeholders,
especially the related regional governments, should pay more attention to the TB
disease cases and put strategic measurements to handle the predicted results.

4 Conclusion

Two goals of this study, i.e., to give a five years reflection of TB disease condition
in Indonesia and to make a future prediction of the TB outbreak in Indonesia, have
been conducted. There are three provinces that have the highest CNR of TB disease,
namely, DKI Jakarta, Papua, and Sulawesi Utara. Moreover, from the prediction
results using H-WEMA method, there are four provinces that will have the highest
CNR, i.e., Sulawesi Selatan, DKI Jakarta, Gorontalo, and Papua. Thus, those
provinces should get more attention from all related stakeholders to handle the
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current situation of TB disease conditions in Indonesia and to prevent any outbreaks
in the future. Related to the experimental results, future studies could implement
and compare other prediction methods in the MA family, especially Brown’s
Weighted Exponential Moving Average.

ACKNOWLEDGEMENTS

This work is partially supported by the research grant from Kemenristekdikti
(Contract No. 1581/HD/LPPM-UMN/IV/2019). The author(s) also would like to
say thank you for the support given by Universitas Multimedia Nusantara.

References

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

Kurniawati, A., Padmawati, R.S., Mahendradhata, Y. (2019). Acceptability
of mandatory tuberculosis notification among private practitioners in
Yogyakarta, Indonesia. BMC Res Notes, 12(543).
https://doi.org/10.1186/s13104-019-4581-9.

Mboi, N., Murty Surbakti, I., Trihandini, I., Elyazar, 1., Houston Smith, K.,
Bahjuri Ali, P., et al. (2018). On the road to universal health care in Indonesia,
1990-2016: a systematic analysis for the Global Burden of Disease Study
2016. Lancet, 392, 581-591. https://doi.org/10.1016/S0140-6736(18)30595-
6.

World Health Organization. Disability-adjusted life years (DALYS) n.d.
https://www.who.int/gho/mortality_burden_disease/daly_rates/text/en/
(accessed March 4, 2020).

World Health Organization. DALYs [/ YLDs definition n.d.
https://www.who.int/mental_health/management/depression/daly/en/
(accessed March 4, 2020).

World Health Organization. (2019). Global Tuberculosis Report 2019. France.

Lumanauw, N. (2020). 2030, Presiden Jokowi Canangkan Indonesia Bebas
TBC. Invest Dly 2020.

TB Indonesia. Situasi TBC di Indonesia. Tbindonesia.orld n.d.
https://www.tbindonesia.or.id/page/view/11/situasi-tbc-di-indonesia
(accessed March 4, 2020).

World Health Organization. (2018). 2018 Global Reference List of 100 Core
Health Indicators (plus health-related SDGs). Geneva.

Gashu, Z., Jerene, D., Datiko, D.G., Hiruy, N., Negash, S., Melkieneh, K., et
al. (2018). Seasonal patterns of tuberculosis case notification in the tropics of
Africa: A six-year trend analysis in Ethiopia. PLoS One; 13, e0207552.
https://doi.org/10.1371/journal.pone.0207552.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TB CNR Prediction Using H-WEMA....

Kanyerere, H., Girma, B., Mpunga, J., Tayler-Smith, K., Harries, A.D., Jahn,
A, et al. (2016). Scale-up of ART in Malawi has reduced case notification
rates in HIV-positive and HIV-negative tuberculosis. Public Heal Action, 6,
247-251. https://doi.org/10.5588/pha.16.0053.

Takarinda, K.C., Harries, A.D., Sandy, C., Mutasa-Apollo, T., Zishiri, C.
(2016). Declining tuberculosis case notification rates with the scale-up of
antiretroviral therapy in Zimbabwe. Public Heal Action, 6, 164-168.
https://doi.org/10.5588/pha.16.0029.

Gebreegziabher, S.B., Yimer, S.A., Bjune, G.A. (2016). Tuberculosis Case
Notification and Treatment Outcomes in West Gojjam Zone, Northwest
Ethiopia: A Five-Year Retrospective Study. J Tuberc Res, 04, 23-33.
https://doi.org/10.4236/jtr.2016.41004.

Wang, H., Tian, C.W., Wang, W.M., Luo, X.M. (2018). Time-series analysis
of tuberculosis from 2005 to 2017 in China. Epidemiol Infect, 146, 935-9309.
https://doi.org/10.1017/S0950268818001115.

Liu, Q., Li, Z., Ji, Y., Martinez, L., Ul Haq, Z., Javaid, A., et al. (2019).
Forecasting the seasonality and trend of pulmonary tuberculosis in Jiangsu
Province of China using advanced statistical time-series analyses. Infect Drug
Resist, 12, 2311-2322. https://doi.org/10.2147/IDR.S2078009.

Halim, S., Intan, R., Dewi, L.P. (2019). Fuzzy linear regression for
tuberculosis case notification rate prediction in Surabaya. In Proc. Int. Conf.
Adv. Inf. Sci. Syst., New York, NY, USA: ACM (pp. 1-5).
https://doi.org/10.1145/3373477.3373492.

Hansun, S., Subanar. (2016). H-WEMA: A New Approach of Double
Exponential Smoothing Method. TELKOMNIKA (Telecommunication
Comput Electron Control), 14, T72-777.
https://doi.org/10.12928/telkomnika.v14i2.3096.

Hansun, S. (2017). A comparative study on WEMA and H-WEMA
forecasting methods in time series analysis (case study: JKSE composite
index data). In Proc. - 2016 6th Int. Annu. Eng. Semin. Ina., 2017.
https://doi.org/10.1109/INAES.2016.7821897.

Hansun, S, Kristanda, M.B., Subanar, Indrati, C.R., Aryono, T. (2019).
Forecasting Domestic Tourist Arrivals to Bali: H-WEMA Approach. In 2019
5th Int. Conf. New Media Stud., Bali, Indonesia: IEEE (pp. 121-124).
https://doi.org/10.1109/CONMEDIA46929.2019.8981825.

Jeremy, I., Hansun, S., Kristanda, M.B. (2019). Predicting Indonesia Large
Capital Stocks Using H-WEMA on Phatsa Web Application. In 2019 5th Int.
Conf. New Media Stud., Bali, Indonesia: IEEE (pp. 207-211).
https://doi.org/10.1109/CONMEDIA46929.2019.8981824.

Pusat Data dan Informasi. Profil Kesehatan Indonesia. Kementeri Kesehat



Seng Hansun

Republik

10

Indones n.d.

https://pusdatin.kemkes.go.id/folder/view/01/structure-publikasi-pusdatin-
profil-kesehatan.html (accessed March 4, 2020).

Notes on contributor

Seng Hansun had finished his Bachelor and Master
degree from Universitas Gadjah Mada, majoring
Mathematics and Computer Science program. Since
2011, he has been a lecturer and researcher at
Universitas Multimedia Nusantara (UMN) and
published more than 100 papers both nationally and
internationally. His research interests mainly in time
series analysis and machine learning domain where he
has successfully granted some research grants from the
government and UMN institution.



