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1. Background/Introduction 

Entering the second year of the COVID-19 pandemic struggle, the Government of 

Indonesia has started the mass vaccination for vulnerable people which includes the 

aging population, medical staff, and public officers. This measure is important to control 

the death tolls as it has been proven to lower the symptoms of the COVID-19 virus. As a 

consequence, some places have been opened and restarted their economy to the 

‘normal’ situation by removing the social restriction gradually. However, recently, the 

number of cases in Indonesia has spiked and increased attention among people because 

the death tolls can grow rapidly. Considering the situation, this study aims to see the 

statistical relationship between mobility, vaccination rate, and death growth to fully 

understand the landscape of risk and potential of controlling the social restriction 

measure with respect to the vaccination rate in order to lower the death tolls. Figuring 

out the statistical relationship (whether it is correlation or causation) is important to see 

how human behavior responds to certain policies so that adaptive policy could be 

implemented effectively. 

Figure 1. Relationship between mobility, economy, and health amid COVID-19 pandemic 

before vaccines 

 

Source: author 

Figure 1 illustrates the relationship between mobility, economy, and health outcomes 

before the vaccination program. At this point, the mobility plays a significant role to 

balance the economy and the health outcomes. As people’s mobility is highly associated 

with the COVID-19 transmission; relaxing mobility or social restriction policy may lead to 

a serious health risk consequence while tighten the restriction policy may slowdown the 

economic activities. Therefore, this condition raised a dilemma and urged to choose 

between economy by allowing the mobility relaxation and public health by improving the 

mobility stringency. 
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Figure 2. Hypothetical relationship of the mobility, public health, after COVID-19 vaccines 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: author 

In contrast to the prior condition, in the second year of the COVID-19 pandemic, the world 

started to be exposed by the COVID-19 vaccines as a game-changer instrument to survive 

in this unprecedented crisis. Many clinical studies have shown that the COVID-19 vaccines 

can improve people’s immunity against the virus, and consequently, the world is 

competing to develop and distribute the vaccine to end the impact of pandemics as soon 

as possible. Figure 2 shows a hypothetical relationship when COVID-19 vaccines as a 

complementing instrument to lighten the burden of mobility restriction to both economy 

and public health outcomes. This figure attempts to illustrate that with the help of the 

COVID-19 vaccines, balancing the economic slowdown and the death tolls is tantamount 

to balancing the weights on the scale. Therefore, the Government of Indonesia should be 

able to balance the social restriction policy and the vaccination rate to achieve plausible 

economic and public health outcomes. 

To prove this hypothesis, thus, this study raises three important questions. First, this 

study aims to measure the health cost of mobility changes during the COVID-19 pandemic 

in Indonesia, which helps us to understand the risk of relaxing the social restriction policy. 

Second, the study aims to strike a balance between vaccine and mobility changes to meet 

the public health and economy target. Lastly, this research also checks the area 

heterogeneity of the estimation, whether the epicentrum region (Java-Bali) behaves 

differently compared to outside epicentrum. This may help us to understand the behavior 

differences and, if any, to specify the policy recommendations. 
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2. Literature Review 

2.1 Policies Restriction and Mobility 

For almost two years, the world has been struggling with the pandemic of COVID-19. The 

countries have taken various approaches to stop the spread of the virus. A series of 

studies showed the impact of social restriction policies implemented by particular 

regions. Most recent studies use a spatiotemporal analysis to obtain a precise result 

about the spread of the virus and its impact (death, recovered) in the scope of the region 

and time. That research utilizes the data collection in global or national-level data. 

Zhou et al. (2020) employed mobile phone data and found that 20-60% mobility reduction 

could reduce the peak number of cases by 33% in the basic scenario. Lima and Atman 

(2021) explained that the simulation could help flatten the infection curve when lowering 

mobility. In addition, agents wearing masks distribute the virus to fewer persons, adding 

to the curve flattening even in the absence of mobility restrictions. Other research found 

a similar finding (Kishore et al.; 2021, Yin et al.; 2021, Tobias; 2020). 

While mobility raised the cases of COVID-19, the government imposed some policies to 

reduce human mobility to control the virus. The policies seemed to be effective in slowing 

down people's movements. Lie et al. (2021) benefited the state-level policy data, mobility 

confirmed cases, and death cases to measure the impact of policies on human mobility, 

cases, and mortality. The results showed that policies create the incentives for less 

movement and prohibit large gatherings such as stay-at-home orders, workplace 

closures, public event cancellations, and public transport closures. Additionally, Larrosa 

(2021) found that lockdown seems to have been effective in a short period after 

implantation in reducing mobility, but without complementary health policies, this effect 

seems to be short ranged. 

2.2 Mobility and Economy 

Then, another mainstream discussion is how to balance health and the economy. Social 

restriction policies make mobility decline as well as economic activity. On the other hand, 

when we want to restore economic activity, it is necessary to relax social restrictions with 

the risk that cases of COVID-19 transmission will increase. 

Various studies show that there is a relationship between mobility and the economy. 

Sampi and Jooste (2020) use the google mobility index in Latin America and the Caribbean 

to see the relationship between these variables, and this study showed that google 

mobility could be a good predictor of industrial production. Another study, employing the 

facebook mobility index in Indonesia, results in the mobility index can project economic 

activities accurately and it can be a near-real time indicator to estimate the current 

economic condition. (Damuri et al. 2021).  
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A year before, Putra and Arini (2020) studied the relation between satellite-sourced night-

time light data and the Google Mobility Index and Gross Domestic Regional Gross (GDRB) 

in all provinces in Indonesia. This research revealed that there is a significant positive 

relationship between those variables. Dong et al. (2017) also did the same research topic 

and found a strong positive association between economic activities represented by local 

business revenues and sales and human mobility data. 

2.3 Vaccination, Mobility, and Confirmed/Death Cases 

One of the efforts to stop the transmission of COVID-19 and accelerate economic 

recovery is to carry out massive vaccinations. Vaccination is also expected to be a game-

changer of this crisis. Ideally, vaccination could reduce the number of confirmed cases 

and deaths. At the same time, people can mobile and do economic transactions safely. 

Several studies have shown that vaccination programs effectively reduce the number of 

daily cases and deaths. Moghadas (2021) noted that vaccination in the United States 

generally reduced the spread rate to 4.6%. In addition, vaccination also decreased rates 

of non-ICU hospitalizations (63.5%), ICU hospitalizations (65.6%), and death cases (69.3%). 

Other studies revealed that the efficacy of vaccination was vary, the first dose of 

BioNTech-Pfizer has an efficacy of more than 50%, and it increased in the second dose 

up to 90% (Polack et al. 2020). Similarly, the Oxford-AstraZeneca vaccine, after the second 

dose, reported an efficacy of 70% (Voysey et al. 2021).  A case study conducted by Roghani 

(2021) in Tennessee finds that vaccination strategy has reduced the daily cases, 

hospitalization, and mortality rates. Specifically, among elders, Roghani also finds that the 

vaccine would lower the death rate by 95% in the observation period—December 2020 

to March 2021.  

In some countries, various other vaccines such as BCG vaccination and flu vaccination 

proved that those vaccines potentially reduced the impact of COVID-19. Miller et al. (2020) 

found that BCG vaccination can protect from other respiratory infections besides 

tuberculosis and reduce mortality. In addition, this study also found the countries that 

did not implement vaccination for all were more susceptible to infection than those that 

required all and long-term. Dayal and Gupta (2020) also found the impact of BCG 

vaccination on COVID-19 that can reduce the case fatality rates (CFR) in several countries. 

On the other hand, flu vaccination for the public and vulnerable groups in Italy given to 

all persons older than five months can potentially reduce the rate of death and 

hospitalizations (Pastorino et al. 2021) 

While studies related to vaccination and COVID-19 have been widely conducted, studies 

on vaccination and mobility are relatively limited. Saldaña and Velasco-Hernández (2021), 

using metapopulation modeling, found that there is a trade-off between human mobility 

and vaccination to control the spread of COVID-19. The research showed that mobility 

restriction among patches is close to the effect of vaccination coverage of 30% achieved 
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in four months to control the spread of the virus. Simply, this study explained that the 

impact of human mobility can be removed by the increase of the vaccination rate at a 

certain level. 

3. Methods 

To answer the research questions, this study implements the quantitative approach using 

descriptive and statistical analysis to generate measured results and recommendations. 

Specifically, this study employs an econometrics analysis to estimate the health cost of 

mobility, and how the vaccination rate can compensate for the risk. The estimation will 

use the province panel daily data collected from various sources within the timeframe of 

March 1st, 2020, to September 30th, 2021—this timeframe, furthermore, will be 

narrowed as a consequence of the data cleaning process. 

     Figure 3. Study Framework

 

 

As Figure 3 has shown, this study follows a framework adopted and modified from Li et 

al (2021). The modification is made to adjust the model based on the data availability in 

Indonesia and the context of the research objectives. In essence, this framework 

illustrates how the independent variables along with control variables and dependent 

variables will be estimated using a fixed-effect provincial panel regression. Incorporating 

the panel fixed-effects estimation is superior to treat the heterogenous factors among 

the provinces such as old-age proportion distribution, healthcare capacity, and 

population density. 

The potential clustering effect is addressed by implying the robust standard errors 

clustered by the estimated province and adjustment with the province population. The 

clustering effect may happen if the provincial data were collected repeatedly. Therefore, 

the clustered robust standard errors allow the interaction within the cluster, and 

independent between the cluster. 
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3.1 Data 

The dependent variables are confirmed cases growth rate and death growth rate, while 

the main independent variables are mobility changes and vaccination growth rate. The 

daily confirmed and death growth rate data are retrieved from the Kawalcovid19.id. This 

study also retrieved the mobility changes from the Facebook Mobility Index which 

provides the daily index of mobility compared to the mobility rate in the pre-COVID-19 

period. Besides, the vaccination rate (first dose and second dose) data are collected from 

the Ministry of Health.  

3.2 Models 

Following the Li et al. (2021) approach, this study sets the threshold of 100 cumulative 

cases. It means that every observation below the 100 confirmed cases will be omitted. As 

a consequence, the observation starts from April 17th, 2020 when all provinces have at 

least 100 cumulative cases. This step is important so that the growth data generation will 

not be heavily fluctuated because of the low and unstable case generation when the 

pandemic emerged. Furthermore, to compute the growth rate for cumulative confirmed 

and death cases, we employ the difference of logarithms of the cumulative data for this 

day and the prior day, and the growth rate was multiplied by 100 to better coefficient 

interpretations. The notation of both confirmed case growth (1) and death case growth 

was defined with similar formula as follows: 

𝐶𝑎𝑠𝑒𝐺𝑟 = ln(𝑐𝑜𝑛𝑓𝑖𝑟𝑚𝑒𝑑𝑝,𝑑) − ln(𝑐𝑜𝑛𝑓𝑖𝑟𝑚𝑒𝑑𝑝,𝑑−1) … (1) 

Meanwhile, the control variables in this study include the test growth rate and the 

stringency index of the containment policy. The daily test rate data is collected from the 

COVID-19 taskforce dashboard which is specified into growth rate with the similar 

formula of the equation 1. Particularly on the stringency index, it is developed upon the 

policy timeline in Indonesia (see Appendix A). This timeline provides the stringency level 

which is measured subjectively by considering the rationale for each restriction policy. As 

the policy needs time to show its effect, then we multiply the stringency with the 

piecewise function of i which is determined by the policy duration (standardized on zero). 

It simply says the longer the policy duration is, the stronger the effect, as we called it as 

the stringency index. The detail of the data including sources, type and frequency can be 

seen on the Table 1. 
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Table 1. Metadata 

Variable Data Source Type Frequency 

Dependent Confirmed case growth 

rate 

Kawalcovid.id Panel 

Province 

Daily 

Death case growth rate Kawalcovid.id 

Independent Mobility changes Facebook Mobility Index 

1st dose of COVID-19 

vaccine growth rate 

Ministry of Health 

2nd dose of COVID-19 

vaccine growth rate 

Ministry of Health 

Control Test growth rate COVID-19 Task Force 

Stringency Index Multiple Sources 

The empirical model adopts the Li et al. (2021) to estimate the social restriction policy on 

the public health indicators. To adjust with the research question, we slightly modify the 

model by adding the vaccination growth for the first and second doses. The daily death 

growth estimation applies the same model with the equation 2. The health cost of 

mobility can be interpreted from the β1 as it shows the effect of a one percent changes in 

mobility may affect both confirmed case growth and death growth. While β2 and β3 

indicate how the vaccination performs on the public health indicators. X is a notation for 

the vector control variables, φ is a fixed-effect for provinces, ω is year fixed-effect, and ε 

is an error term. 

𝐶𝑎𝑠𝑒𝐺𝑟 =  𝛼𝑝,𝑑+ 𝛽1𝑀𝑜𝑏𝑖𝑙𝑖𝑡𝑦𝐶ℎ𝑎𝑛𝑔𝑒𝑠𝑝,𝑑 +  𝛽2𝐹𝑖𝑟𝑠𝑡𝑉𝑎𝑐𝐺𝑟𝑜𝑤𝑡ℎ𝑝,𝑑 + 𝛽1𝑆𝑒𝑐𝑜𝑛𝑑𝑉𝑎𝑐𝐺𝑟𝑜𝑤𝑡ℎ𝑝,𝑑

+ 𝜏𝑿 + 𝜑𝑃𝑟𝑜𝑣 + 𝜔𝑌𝑒𝑎𝑟 +  𝜀𝑝,𝑑 … (2) 
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4. Discussion and Results  

4.1 Mobility and COVID-19 

Mobility is one of the important instruments that the government can interact to control 

the COVID-19 pandemic. However, mobility is like a double-sided sword for the economy 

and the public health. On the first hand, lowering the mobility through the social 

restriction policy may cause the lower economic activities. While on the other hand, 

raising the mobility can improve the economic activities, but it will harm the public health 

situation due to the risk of COVID-19 spread. 

Figure 4. Daily case vs mobility changes 

 
Source: Facebook mobility index and Kawalcovid19.id (2021), processed 

Figure 4 attempts to picture the empirical evidence of the mobility-public health 

relationship descriptively. In short, the so-called social restriction (namely PSBB) in 

Indonesia has led to a lower mobility rate compared to February/March when the COVID-

19 has not emerged yet. Generally, the graph shows the trend of daily confirmed cases, 

daily death cases, daily mobility index, and social restriction timeline in Indonesia.  

According to the data, in some points there is a negative correlation between mobility 

and confirmed cases as well as death cases, while we make hypotheses that the 

relationship should be positive. Take a note that the effect of mobility today will be 

experienced in the next days. It means, there is lag of mobility to affect confirmed cases 
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and death cases. The figure of relationship between mobility, confirmed cases, and death 

cases with lag will be displayed in the next explanation.  

Figure 5. Plotting optimal lag based on the bivariate coefficient 

Source: Facebook Mobility Index and KawalCOVID-19, processed 

Therefore, we need to find the optimal lag that can explain in which lags the mobility may 

affect the daily confirmed case growth. To start with, we plot the coefficient from the 

bivariate regression of each mobility lag on the daily confirmed positive cases which is 

illustrated on the Figure 5. From the figure, the optimal lag—described as the highest 

coefficient to estimate the future confirmed case growth—lies on around one-to-two 

months or 30 to 60 days after people mobile1. In other words, the future confirmed case 

trend may be determined by the last one-to-two months mobility trend. This result 

somewhat corroborates Li et al. (2021) that finds the social restriction would show its 

effectiveness in one-to-two months. This initial finding will be used in the multivariate 

regression model. 

  

 

1 We take the midpoint (around t-50) in the further estimation.  

-0.00040

-0.00020

0.00000

0.00020

0.00040

0.00060

0.00080

0.00100

0.00120

0.00140

0.00160
La

g
1

La
g

4

La
g

7

La
g

1
0

La
g

1
3

La
g

1
6

La
g

1
9

La
g

2
2

La
g

2
5

La
g

2
8

La
g

3
1

La
g

3
4

La
g

3
7

La
g

4
0

La
g

4
3

La
g

4
6

La
g

4
9

La
g

5
2

La
g

5
5

La
g

5
8

La
g

6
1

La
g

6
4

La
g

6
7

La
g

7
0

La
g

7
3

C
o

e
ff

ic
ie

n
t 

o
f 

m
o

b
il

it
y

 l
a

g
 t

o
 d

a
il

y
 c

o
n

fi
rm

e
d

 c
a

se
 g

ro
w

th

Mobility lag

coef



 

 

 FIGHT AGAINST DEATH TOLLS AND ECONOMIC SLOWDOWN: STRIKING A BALANCE BETWEEN MOBILITY AND VACCINATION| 10  

Figure 6. Daily case vs lagged mobility changes 

 

Source: Facebook mobility index and Kawalcovid19.id (2021), processed 

The figure above shows the trend of mobility confirmed cases and cases of death of 

COVID-19 along with the timeline of social restrictions that have used lag. Based on 

previous calculations, we use a lag of around 50, which is considered the most optimal. 

As a result, the trend of fluctuations in the data shows a relationship following the 

hypothesis that cases increase when mobility increases. When mobility decreases, cases 

also tend to fall. Another thing is that the social restriction timeline is very influential on 

the mobility and trend of cases. 
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Figure 7. Daily case vs lagged mobility changes in Java-Bali and Outside Java-Bali 

  
Source: Facebook mobility index and Kawalcovid19.id (2021), processed 

Figure 7 illustrates the trend mobility, confirmed case, dan death case in Java-Bali and 

outside Java-Bali to see the different of correlation between them. In general, we see that 

mobility in Java-Bali has fallen lower than outside Java-Bali. Although the mobility in Java-

Bali has decreased significantly, the trend of confirmed case dan death case still higher 

as the region is the epicentrum COVID-19 transmission. On the other hand, the mobility 

outside Java-Bali has been higher but the confirmed case is lower than Java-Bali. However, 

the real correlation between those variables should need to calculate statistically to give 

the exact number of correlations.  

4.2 Mobility, vaccination, and COVID-19 epidemiological indicators 

Many research show that the COVID-19 vaccination has a significant impact on reducing 

the symptom severity of COVID-19 virus. Then this part of analysis would like to see 

empirically the magnitude of vaccination rate in both first and second doses to the 

epidemiological indicators such as daily confirmed cases growth and daily death cases 

growth. We run the estimation based on the model in the equation 2 to estimate the 

effect of both mobility and vaccination to both daily confirmed cases growth and daily 

death cases growth. In the following discussion, the study employs the statistical analysis 

to test the hypothesis.  
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Table 2. Effect of Mobility changes and vaccination growth on daily cases and death growth 

 
(1) (2) (3) (4) (5) (6) 

VARIABLES 
Case 

Growth 

Case 

Growth 

Case 

Growth 

Death 

Growth 

Death 

Growth 

Death 

Growth 

Mobility Changes – 

Lagged 

0.00117*** 0.000654*** 0.000985*** 0.00172*** 0.000563* 0.000738** 

(0.000349) (0.000228) (0.000221) (0.000389) (0.000297) (0.000315) 

1st Dose Vac – 

Lagged 

0.00129*** 0.00106*** 0.00102*** 0.00148*** 0.000977** 0.000969** 

(0.000404) (0.000371) (0.000362) (0.000445) (0.000423) (0.000425) 

2nd Dose Vac – 

Lagged 

-0.00212*** -0.00179*** -0.00155*** -0.00196*** -0.00144*** -0.00134** 

(0.000467) (0.000450) (0.000413) (0.000505) (0.000486) (0.000489) 

Stringency Index 
 

-0.00019*** -0.00014*** 
 

-0.000089*** -0.000066*** 
 

(0.00002) (0.000017) 
 

(0.00002) (0.000015) 

Test Growth 
 

0.331*** 0.293*** 
 

0.00347 -0.0118 
 

(0.0874) (0.0841) 
 

(0.0216) (0.0200) 

Case Growth 
    

0.492*** 0.480*** 
    

(0.0418) (0.0410) 

Constant 0.0131*** 0.0138*** 0.0160*** 0.0185*** 0.00900*** 0.0103*** 

(0.00103) (0.00132) (0.00153) (0.00144) (0.00131) (0.00146) 

Observations 12,335 12,335 12,335 12,335 12,335 12,335 

R-squared 0.008 0.198 0.217 0.021 0.076 0.077 

Number of Province 34 34 34 34 34 34 

Province FE YES YES YES YES YES YES 

Year FE NO NO YES NO NO YES 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

In general, the estimation exhibits that the lagged mobility changes have a positive impact 

on both confirmed cases and death growth while the lagged vaccination growth shows 

various impacts in each dose. In the first estimation, column (1) and (4), we estimate 

lagged mobility changes and lagged vaccination on both confirmed case and death 

growth. The estimation applies the provincial fixed-effects to control the time-invariant 

factors such as the regional characteristics. The result shows that the lagged mobility 

changes have a significantly positive effect on both confirmed case and death growth 

accounting for 0.0012% and 0.0017% respectively in every one percent of mobility 

changes. Interestingly, the lagged vaccination growth has a significant positive effect on 

both daily confirmed cases and death growth. This may explain that the first doses of the 

COVID-19 vaccine have not formed a complete immunity against the COVID-19 

symptoms, and the people’s moral hazard may play role after the first COVID-19 

vaccination jab—people tend to neglect the health protocols. The lagged second doses of 

COVID-19 vaccine show a completely different result compared to the prior. It affects both 

daily confirmed cases and death growth negatively, which means that it can lower the 

confirmed cases and death growth. This may true because in the second doses, people 

may develop a more complete immunity against the COVID-19 which results in milder 

symptom and, subsequently, improve the public health indicators. 
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The second estimation, column (2) and (5), adds the control independent variables. With 

the control variables such as testing growth, policy stringency, and case growth—as for 

death growth. The control variables show a logical result in this estimation. For instance, 

the social restriction policy, indicated by stringency index, shows a negative effect on both 

confirmed cases and death growth. While the test growth shows only a significantly 

positive effect on the confirmed cases, but no significant effect on the death growth. This 

is because the number of tests is much more relevant to estimate the confirmed cases 

compared to death cases. Moreover, confirmed cases growth indicates a positive effect 

on the death growth. Overall, the control variables have shown the expected results 

based on the prior knowledges. 

Adding the control variables in the second estimation has corrected the first one despite 

the same coefficient direction on the interested variables. The effect of mobility changes 

shows a higher positive and significant coefficient in the daily confirmed cases and death 

growth compared to the first estimation. Meanwhile the first dose of COVID-19 vaccine 

shows a relatively lower positive impact on the daily case growth, but higher positive 

impact on the daily death growth. The second doses of vaccine show a similar coefficient 

correction on both confirmed and death growth which are slightly lower than the first 

estimation.  

The final estimation, column (3) and (6), incorporate the year fixed-effect to control the 

time-dependent factors such as COVID-19 variant mutations and vaccination innovations. 

Similarly, it slightly adjusts the coefficients without interfering with the coefficient 

direction. This result possibly shows the isolated effect of the mobility changes and 

vaccination on both confirmed cases and death growth. From the result we can conclude 

that the health cost of a 10% improvement in mobility may cause the daily confirmed 

cases and death growth by around 1% ceteris paribus. 
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Table 3. Effect of Mobility changes and vaccination growth on daily cases and death growth 

based on the region (Java-Bali vs Outside Java Bali) 

 
(1) (2) (3) (4) 

VARIABLES 

Case 

Growth 

(Java-Bali) 

Case Growth 

(Outside Java-

Bali) 

Death 

Growth 

(Java-Bali) 

Death Growth 

(Outside Java-

Bali) 

Mobility Changes – 

Lagged 

0.000329 0.00115*** 0.000226 0.000887** 

(0.000291) (0.000257) (0.000503) (0.000366) 

1st Dose Vac – Lagged -0.00264 0.000776** -0.00889* 0.00105** 

(0.00365) (0.000343) (0.00373) (0.000452) 

2nd Dose Vac – Lagged -0.00420*** -0.00122*** -0.00243 -0.00140** 

(0.000515) (0.000387) (0.00164) (0.000522) 

Case Growth 
  

0.389** 0.480*** 
  

(0.133) (0.0425) 

Stringency Index -0.000138*** -0.000134*** -0.000118*** -0.000057*** 

(0.000013) (0.000019) (0.000026) (0.000017) 

Test Growth 0.628*** 0.286*** 0.234** -0.0155 

(0.0742) (0.0848) (0.0698) (0.0198) 

Constant 0.0104*** 0.0164*** 0.00606 0.0108*** 

(0.00127) (0.00158) (0.00355) (0.00159) 

Observations 1,380 10,955 1,380 10,955 

R-squared 0.370 0.212 0.170 0.076 

Number of Province 7 27 7 27 

Province FE YES YES YES YES 

Year FE YES YES YES YES 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Furthermore, we also check the estimation in a different sample group—Java-Bali and 

Outside Java-Bali—to compare the result in the COVID-19 around the epicentrum and 

outside the epicentrum. This approach is also important to see the heterogeneity in 

results—whether the results hold in several circumstances—considering that more than 

50% of cases are dominated outside Java-Bali during the observation period. Table 2 

shows the estimation result in both Java-Bali, column (1) and (3), and Outside Java-Bali, 

column (2) and (4). The result can be interpreted as follows: 

1. Mobility changes has no significant effect to the daily confirmed cases and death 

growth. This means that mobility changes do not affect the confirmed cases 

generation. The possible explanation is because in Java-Bali, the most cases are 

distributed in the cluster while the population density may also influence the 

confirmed cases and death growth in Java-Bali. 

2. While Outside the Java-Bali, the mobility changes have a positive and significant 

impact to confirmed cases and death cases. Therefore, this can be concluded that 

mobility has a significant role in exacerbate the public health indicators outside 

the Java-Bali region. 
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3. Speaking of vaccination, the 1st dose of COVID-19 vaccine shows a contrast 

coefficient between the Java-Bali region and Outside Java-Bali. In the Java-Bali 

region, the first dose has a negative coefficient with a various significancy. 

Meanwhile, Outside Java-Bali, the first dose shows a positive and significant impact 

to both daily confirmed cases and death growth. This seems that the relatively 

high moral hazard might happen outside the Java-Bali region. 

4. The second dose of COVID-19 vaccine shows a more promising result as it shows 

a negative and various significancy in both Java-Bali and Outside Java-Bali. This 

means that the second dose could be an important public health indicator as it 

allows to lower the confirmed cases and death growth effectively. 

Figure 8. Empirical relationship of the mobility, public health, and COVID-19 vaccine 

Source: author 

Figure 8 summarizes the findings in this study. The COVID-19 vaccines, particularly the 

second doses, have a significant role to lower the public health risk as by reducing both 

daily case growth and daily death growth. While depending only on the first dose of 

COVID-19 doses may subvert the effect due to the moral hazard. Furthermore, the lagged 

mobility variable also follows the hypothesis by showing a positive relationship with both 

daily confirmed and daily death growth data. In other words, the rate of full vaccination 

may compensate for the effect of the health risk of mobility. Note that the effect may 

differ in certain characteristics. 

5. Conclusion 

The paper discusses the health cost of mobility changes during the pandemic COVID-19, 

and the strategy to strike a balance between the economy and health indicators. From 

the estimation we find that the public health indicators, daily confirmed cases growth and 

daily death growth, would increase around 1% every 10% increase in mobility changes. 

We found that the COVID-19 vaccination is a game changer to manage the public health 

risks due to the relaxation of social restriction policy. We can strike the balance by 

accelerating the COVID-19 vaccine, particularly the second dose, as it may compensate 

the effect of mobility changes to the COVID-19 daily confirmed and death growth. We also 

found a difference characteristic of COVID-19 measures between Java-Bali and Outside 

Mobility Confirmed case Death case 

VACCINATION 

Game changer 

Affected variable Affecting factor Further affected 
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Java-Bali. Interestingly, the first dose of vaccination may trigger the moral hazard 

behavior, especially Outside Java-Bali. We further recommend the plausible policy 

recommendations based on this study. 

Besides, this study contains three main caveats and limitation that can be addressed in 

the further study. First, this study has not controlled the timely people's compliance on 

health protocol and region health infrastructure readiness/capacity. In further, it requires 

to collect those data to generate a more robust estimation. Second, the study has not 

exercised the effect of population density on the estimation. However, due to the variable 

relatively has not changed over time, we assume the effect of population density is caught 

by the fixed-effect method. In addition, we differ the estimation of Java-Bali and non-Java-

Bali to see the different effects of the regions in terms of population characteristic 

differences. Third, the estimated data, especially daily case and death case may be 

underestimated (not actual case) because of the different levels of testing capacity in 

every region. In this study, we assume the error of underestimation of both data is 

consistent, so that it will not interfere with the estimation robustness. Furthermore, we 

also have discarded the cases below 100 to mitigate the spark and error.   

6. Policy Recommendations 

Based on the analysis, there are policy that can be implemented to striking a balance in:  

1. Policies to reduce mobility are not sufficient to control confirmed cases and 

deaths. Therefore, the social restriction policies carried out need to be equipped 

with the right level of strictness in their implementation. The reason is empirical 

evidence showing that the effects of various types of Indonesia's social restriction 

(PSBB) and their duration greatly affect the rate of cases and deaths. Then, it is 

also necessary to review the instruments on the successful social restrictions such 

as PPKM Mikro and PPKM Level 3 and 4. 

2. Mobility changes could be an early warning indicator to indicate the future COVID-

19 wave. Without the progress in the unvaccinated people, the mobility changes 

spike may cause an increase in the next one-to-two months of COVID-19 daily 

confirmed cases and death growth. Therefore, this indicator can be used to 

determine which appropriate measures, particularly the social restriction policy 

stringency, to mitigate the next COVID-19 variant waves. 

3. This study suggests managing the potential of moral hazard from the first doses 

of COVID-19 vaccine, particularly outside the Java-Bali region. One of the 

important responses is to accelerate the second doses of COVID-19 vaccine. The 

national COVID-19 authorities may also manage the people’s moral hazard 

behavior by educating through the popular media. The COVID-19 taskforce in local 

authorities such as in the village scale, can help to educate and help to enforce the 

health protocols for the first dose of COVID-19 vaccine recipients. 
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4. The COVID-19 vaccine is a game changer to gradually relax the social restriction 

policy as the only instrument in balancing the economy and the public health 

indicators. The second dose of COVID-19 vaccine evidently shows that it may offset 

the effect of mobility changes. If the mobility planned to increase as 1%, then at 

least the second dose of COVID-19 vaccine should increase around 1% as well to 

at least compensate the effect of mobility changes. 

5. Estimation shows that mobility in Java-Bali is not significant in confirmed cases and 

death cases. In Java-Bali, the transmission of the virus has the potential to be 

caused by the population density factor.  Therefore, in this region may relax the 

social restriction while still implementing health protocols and considering 

infrastructure readiness. Not only that, in addition to the readiness of physical 

infrastructure, human infrastructure also needs to be considered by looking at the 

community behavior index. 

6. For areas outside Java-Bali, mobility is still one of the factors influencing the spread 

of the virus. therefore, it is important to keep reduced mobility while preparing for 

safe social relaxation. One of them is to prepare the physical infrastructure to 

support the new normal and consider the good behavior of the community (see 

behavioral index) when restrictions begin to be relaxed. 

7. The consequence of the rise of vaccinated people either first dose or second dose 

will change people's behavior in terms of mobility and health protocol compliance. 

It might be because of the moral hazards of obtaining a vaccine or people’s trust 

in the vaccine. The government should be ready for this as the cumulative 

vaccination will continually increase. This means, what the government did 

(advice, instruction, and socialization) at the initial of the pandemic will no longer 

have the same effect on the current situation. Therefore, it requires to prepare a 

new solution if there is a need to do social restriction later.  
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APPENDIX A. Policy Timeline 

Restriction 

Policy 
PSBB PSBB Transisi PSBB Ketat PSBB Transisi 2 PPKM PPKM Mikro 

PPKM 

Darurat 

PPKM Level 

3&4 

Period: 17 April - 4 June 

2020 

5 June - 10 

September 

2020 

14 September - 

11 October 

2020 

12 October 2020 - 

11 January 2021 

11 January - 8 

February 2021 

9 February - 28 

June 2021 

1-20 July 2021 21 July-16 

August 2021 

Location: DKI Jakarta, Jawa 

Barat, Banten, 

Riau, Sulawesi 

Selatan, Jawa 

Tengah, Sumatra 

Barat, 

Kalimantan 

Selatan, 

Kalimantan 

Utara, Jawa 

Timur, 

Gorontalo, 

Kalimantan 

Tengah, Sulawesi 

Tengah, Sumatra 

Selatan. 

DKI Jakarta, 

Banten, Bekasi, 

Bogor, Depok. 

Mostly focused 

on DKI Jakarta 

and its 

surrounding 

Mostly focused on 

DKI Jakarta and its 

surrounding 

Jawa, Bali Jawa, Bali 

 

 

 

 

 

 

 

 

 

 

 

  

Jawa, Bali Jawa, Bali 
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Restriction 

Policy 
PSBB PSBB Transisi PSBB Ketat PSBB Transisi 2 PPKM PPKM Mikro 

PPKM 

Darurat 

PPKM Level 

3&4 

Restrictions: Remote 

Learning, Work 

From Home 

(WFH) 100% 

except for 

certain essential 

sectors, 

Restrictions on 

Religious 

Activities, and 

Restrictions on 

Public Spaces no 

more than 5 

people, 

weddings are stil 

allowed but with 

no ceremony. 

Remote 

Learning, 50% 

WFH 50% WFO, 

Public 

Transportation 

Only 50% 

Capacity, Public 

Spaces 

(including 

businesses) 

Only 50% 

Capacity Rate. 

WFO Only 25% 

With Some 

Sectors 50%, 

Online Taxis 

are Allowed to 

Pick-up 

Passangers, 

one row in a 

car should only 

be filled with 1 

person 

(Families 

Aside), Max of 

5 people in 

public places, 

Remote 

Learning, 

Health and 

wellbeing 

centres closed, 

No dine-in, 

Place of 

Worship within 

a living area 

Cinemas reopening, 

Health and 

Wellness Centres 

reopening (25% 

capacity), Malls 

Reopening, 

Marriage 

Ceremonies in a 

building, Dine-in, 

Organise Seminars 

or Workshops, WFO 

50% 

WFH 75%, 

online 

schooling, basic 

needs 

businesses still 

fully 

operational, 

department 

stores closing 

at 19:00, dine-

in only 25%, 

religious events 

50% capacity, 

public spaces 

closed. 

Red and 

orange zones 

have to WFH, 

other than 

those zones 

WFO 25%, 

online 

schooling, 

essential 

sectors still 

could operate 

100%, no dine-

in after 20:00, 

dine-in only 

25%, 

construction 

sites operated 

fully, no 

religious 

activities, 

public spaces 

in red zones 

are closed and 

100% WFH, 

full remote 

learning, 50% 

only for 

essential 

sectors, malls 

are closed, no 

dine-in only 

take-

away/delivery, 

no religious 

gatherings, 

public 

transportation 

70% max, 

weddings max 

30 people, 

traveling short 

distance min 

of vaccination 

card and PCR 

H-2 and 

antigen H-1 

tests for long 

Level 3: Online 

learning, WFO 

25%, dine in 

25% and closes 

at 17:00, take-

way 24hours, 

malls max 25% 

capacity, no 

activities in 

places of 

worship, no 

wedding 

receptions are 

allowed. 

 

Level 4: Online 

learning, WFH 

100% for non-

essential 

workers, 

essential 

sectors max 

50% of 

capacity, public 
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Restriction 

Policy 
PSBB PSBB Transisi PSBB Ketat PSBB Transisi 2 PPKM PPKM Mikro 

PPKM 

Darurat 

PPKM Level 

3&4 

allowed, 

Decrease in 

mobility, Social 

Aid by the 

Government. 

25% only in 

other places. 

distance 

traveling. 

sectors 25% 

WFO, critical 

sectors could 

operate 100% 

fully, markets 

for essentials 

could operate 

until 20:00 with 

50% capacity, 

drug stores 

could operate 

24 hours, only 

strictly delivery 

and take-away, 

no activities in 

places of 

worship, no 

wedding 

receptions and 

recreational 

activities such 

as health and 

wellbeing are 

allowed.  



 

 

 FIGHT AGAINST DEATH TOLLS AND ECONOMIC SLOWDOWN: STRIKING A BALANCE BETWEEN MOBILITY AND VACCINATION | 23  

 

Restriction 

Policy 
PSBB PSBB Transisi PSBB Ketat PSBB Transisi 2 PPKM PPKM Mikro 

PPKM 

Darurat 

PPKM Level 

3&4 

Severity Level 

(1-10): 

9 4 6 5 7 8 9 8  

Rationale of 

severity level: 

Severity level 

high because 

both school and 

offices are held 

online 100% 

(except for 

essential 

sectors), and no 

public gathering 

more than 5 

people meaning 

that mobility is 

very limited 

Severity level 

went down to 4 

because even 

though remote 

learning is still 

being held, 

WFO is up to 

50% and now 

public places 

can be filled to 

50% capacity. 

Severity level is 

higher because 

public mobility 

such as WFO, 

car capacity 

and public 

places capacity 

are more 

limited than in 

the previous 

PSBB. 

Restrictions are less 

severe since 

recreational 

activities such as 

malls, cinemas, 

health and 

wellbeing activities 

are open alongside 

the option of dining 

in and being able to 

hold activities 

indoors. 

Spiking cases 

made 

restrictions 

tighter with 

social mobility 

limited such as 

a higher WFH 

percentage, 

malls closing 

earlier, less 

capacity to dine 

in and closing 

of public 

spaces. 

Restrictions are 

tighter in red 

and orange 

zones with full 

WFH but green 

zones some 

still needs to 

WFH. Limited 

mobility and 

activity in 

public spaces. 

With most 

province in 

Indonesia 

going to red 

zones WFH 

are at full 

percentage 

with 

recreational 

spaces such 

as malls 

closed. 

Mobility is 

also limited 

with 

restrictions on 

traveling. 

Restrictions 

are less severe 

than previous 

because in 

some areas 

recreational 

places are 

open although 

with maximum 

capacity. 

Collected from multiple sources, processed. 




