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Estimating excess deaths during the COVID-19 pandemic in Pune, India

Summary
Data from institutions across the world suggest that officially reported COVID-19 death
figures may be an undercount. Establishing true mortality during crisis events like pandemics
is key to improving data transparency and strengthening public health systems to effectively
tackle future epidemics. This study integrated findings from three sources: statistical modeling,
public surveying, and media reports to estimate excess deaths during the COVID-19 pandemic
in the Pune Municipal Corporation (PMC). The results suggest an estimated 17,633 excess
deaths [95% confidence interval: 15,700 to 19,566] in the PMC region in the period from
March 2020 to December 2021. An estimated 1.9 times more deaths [95% confidence
interval: 1.7 to 2.1] occurred during this time period compared to reported COVID-19 deaths.

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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Background
Estimating the true mortality burden of COVID-19 is critical for establishing the true impact of
the pandemic. Reports of unaccounted COVID-19 deaths have been recognized globally;
conceivably due to reasons such as lack of testing, absence of medical certification, and deaths
occurring beyond the purview of respective healthcare systems1, 2. In addition to deaths caused
through active COVID-19 infection, pandemic related deaths not attributable to the virus were
also noted. These deaths were attributed to delays or lack of access to healthcare, reduced
hospital capacity, increased risk of diseases, and post-COVID-19 complications3. Together these
deaths denote the pandemic associated excess deaths. In our study, we used this measure to probe
whether the observed overall mortality figures were higher than what could have been expected
in normal times i.e., had there been no pandemic 3, 4. Our computational social science study
integrates statistical and epidemiological modeling, wisdom of crowds public surveying, and
print media reports (Fig. 1) to estimate excess deaths during the COVID-19 pandemic in the area
under the administration of PMC.

Figure 1. The excess deaths were computed by integrating three approaches: statistical and
epidemiological modeling, wisdom of crowds public surveying, and analysis of print media
reports.

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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Statistical and Epidemiological Modeling
We used an established approach to compute pandemic-associated excess deaths5, 6, 7, i.e., the
additional number of deaths during the COVID-19 pandemic compared to what could have been
expected in pre-pandemic times. All-cause mortality figures from Jan 2014 to Dec 2021 in the
Pune region were provided to us by the Pune Knowledge Cluster (PKC), a Science and
Innovation Cluster set up by the Office of the Principal Scientific Advisor, Government of India8.
PKC ultimately obtained this dataset from the Pune Municipal Corporation (PMC) Health
Office’s death certificate registration data. We first computed expected deaths by extrapolating
from pre-pandemic mortality figures (January 2014 to February 2020). Further, the data from
Pune’s first and second COVID-19 waves (March 2020 to December 2021) were divided into
COVID-19 and non-COVID-19 deaths. Following are important summary statistics from PKC’s
dataset from period March 2020 to December 2021:

𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑑𝑒𝑎𝑡ℎ𝑠  𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ𝑠

74, 289 9, 093
Next, we computed excess deaths, which is the difference between the officially reported overall
death figures and expected deaths. We also computed the undercount factor, the ratio of excess
mortality to the officially reported COVID-19 death figures. Wherever applicable, we have
included the lower and upper margins of 95% confidence intervals associated with our estimates.
In the following sections, we have described two of the statistical models that we used and the
key results obtained from them.

𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠 =  𝑡𝑜𝑡𝑎𝑙  𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 −  𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑒𝑎𝑡ℎ𝑠
𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠 

𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ𝑠

Simple Average Model
Simple average model is a simple nonparametric model that was utilized to compute the
expected number of deaths for any given month during the pandemic. The expected deaths for a
given month were then derived as the mean number of total deaths recorded during that month
for the previous six years. The expected deaths for any month M from March 2020 to December
2021 is:

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 = 1
6 (𝑀

2014
+ 𝑀

2015
+ 𝑀

2016
+ 𝑀

2017
 + 𝑀

2018
 +  𝑀

2019
) 

where Mi is the number of deaths in month M in year i

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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The results of the simple average model from March 2020 to December 2021 are:

𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠 𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡
𝑓𝑎𝑐𝑡𝑜𝑟

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

19, 898 (14, 168 𝑡𝑜 25, 627) 2. 2 (1. 6 𝑡𝑜 2. 8)

Overdispersed Poisson Model

In order to get closer to the real-world characteristics of the data, we implemented an
overdispersed Poisson model commonly used in epidemiology and public health. This is a model
that can account for variations caused by seasonal trends and population change3, 10, 11. The
overdispersed Poisson model computed the expected deaths for any month M from March 2020
to December 2021 as:

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 = 𝑃
𝑀

· 𝑒
(α

𝑀
 + 𝑠

𝑀
)

where PM is the population in month M, ɑM is gradual trend accounting for the increasing life
expectancy, and sM is a seasonal trend accounting for seasonal variation in deaths

We obtained estimates about Pune’s monthly population from the World Population Review12.
The Overdispersed Poisson model was implemented using the excessmort package in R13. Model
parameters: harmonics = 0.5; knots = 2.

The results of the overdispersed Poisson model from March 2020 to December 2021 are:

𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠 𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡
𝑓𝑎𝑐𝑡𝑜𝑟

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

14, 098 (10, 930 𝑡𝑜 17, 406) 1. 6 (1. 2 𝑡𝑜 1. 9)

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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The results from the overdispersed model showed a marked increase in the expected death rate
during the pandemic (Fig. 2).

Figure 2. Deviations from the expected death rate over time: results from the overdispersed
Poisson model. The blue bands represent the 95% confidence interval. The gray dots show
monthly deaths relative to the expected death rate for that month.

Wisdom of Crowds Public Surveying
Cognitive estimation is the ability to provide reasonable answers to questions for which specific
answers are not readily available14, 15. Wisdom of crowds, the accuracy of aggregated public
opinions or collective cognitive estimates, is a phenomenon commonly studied by researchers
from cognitive science, social psychology, behavioral economics, and network science16, 17, 18, 19, 20,

21. Recent research has used the wisdom of crowds approach in public health and epidemiology,
specifically COVID-1922, 23. However, to our knowledge, there is no existing literature that
harnesses the wisdom of crowds to extract collective cognitive estimates about excess deaths
during the COVID-19 pandemic.

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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We addressed this knowledge gap by conducting an online wisdom of crowds survey.24

We received ethics approval for conducting this survey from Carnegie Mellon University’s
Office of Research Integrity and Compliance (IRB Registration No: IRB00000352). We took
care to adhere to local customs and norms. The survey was conducted in Pune from 8 January
2022 to 8 February 2022. Respondents could take the survey, which was hosted on the
SurveyMonkey platform (now Momentive), in either Marathi or English. The survey was
deployed in the area(s) under the jurisdiction of PMC. We employed a sample-of-convenience
snowball-sampling method. We promoted the survey via social media platforms such as
WhatsApp and Facebook. 280 adult respondents.

Survey respondents were asked this question: “As of January 1 2022, there have been
9117 COVID-19 deaths in Pune during the pandemic. This data is from the official government
figures released by Pune Municipal Corporation (PMC). What do you think is the true number of
COVID-19 deaths in Pune (as of January 1 2022)? Please choose a number between 0 and
90,000.” The Marathi wording of the question was “१ जानेवार� २०२२ पय�त प�ुयाम�ये एकूण ९११७
को�वड-१९ म�ृयू झाले आहेत. हा सरकार� आकडा आहे (�ोत: पणेु महानगर पा�लका �हणजेच म.न.पा).
तमु�या मते १ जानेवार� २०२२ पय�त प�ुयाम�ये को�वड-१९ म�ृयूंचा खरा आकडा काय असावा? ० ते
९०,००० मधील एक आकडा �नवडून त ेउ�र �लहावे.”

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 =  𝑐𝑟𝑜𝑤𝑑 𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 
𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ𝑠

The results of the wisdom of crowds survey are:

𝑐𝑟𝑜𝑤𝑑 𝑑𝑒𝑎𝑡ℎ
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒

𝑐𝑟𝑜𝑤𝑑 𝑑𝑒𝑎𝑡ℎ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡
𝑓𝑎𝑐𝑡𝑜𝑟

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

18, 903 (17, 900 𝑡𝑜 20, 800) 2. 1 (1. 9 𝑡𝑜 2. 3)

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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The following table shows the demographics of our survey sample.

Gender

Males 151 (54%)

Females 129 (46%)

18-35 115 (41%)

Age 36-55 115 (41%)

55+ 50 (18%)

Survey language

Marathi 139 (50%)

English 141 (50%)

1-2 16 (6%)

Number of rooms in home 3 60 (22%)

4 102 (36%)

4+ 102 (36%)

Occupation

Students 71 (25%)

Currently employed 175 (63%)

Healthcare workers 25 (9%)

COVID-19 +ve 101 (36%)

Sample size 280

Analysis of Media Reports
Estimating the true mortality burden of COVID-19 is a difficult and necessarily imprecise
exercise. Though the true number of COVID-19 deaths may never be known, converging
evidence from statistical modeling and public surveying suggests that the officially reported
figures in Pune may be an undercount. We analyzed media reports about mismatches between
officially reported figures and those observed in the context of cremations25 and death
compensation claims filed by families of the victims26.

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 =  𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑓𝑟𝑜𝑚 𝑚𝑒𝑑𝑖𝑎 𝑎𝑟𝑡𝑖𝑐𝑙𝑒
𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝐶𝑂𝑉𝐼𝐷 𝑑𝑒𝑎𝑡ℎ𝑠

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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The findings from print media reports are:

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟

𝑓𝑖𝑒𝑙𝑑 𝑟𝑒𝑝𝑜𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝑐𝑟𝑒𝑚𝑎𝑡𝑜𝑟𝑖𝑢𝑚𝑠  
(𝑡ℎ𝑒 𝐻𝑖𝑛𝑑𝑢𝑠𝑡𝑎𝑛 𝑇𝑖𝑚𝑒𝑠)  

1. 9

𝑃𝑀𝐶 𝑑𝑒𝑎𝑡ℎ 𝑐𝑜𝑚𝑝𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛 𝑐𝑙𝑎𝑖𝑚𝑠  
(𝑡ℎ𝑒 𝐼𝑛𝑑𝑖𝑎𝑛 𝐸𝑥𝑝𝑟𝑒𝑠𝑠)  

1. 7

Aggregate Estimates
We used a simple bootstrap (random sampling with replacement; sampled 1000 times) to
combine estimates obtained across sources. We computed two estimates: the number of excess
deaths from the two statistical models and the public survey; and the undercount factor from the
two statistical models, the public survey, and the two media reports.
The aggregate estimate across different sources is:

𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠 𝑒𝑥𝑐𝑒𝑠𝑠 𝑑𝑒𝑎𝑡ℎ𝑠
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡
𝑓𝑎𝑐𝑡𝑜𝑟

𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟
95% 𝑐𝑜𝑛𝑓𝑖𝑑𝑒𝑛𝑐𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

17, 663 (15, 700 𝑡𝑜 19, 566) 1. 9 (1. 7 𝑡𝑜 2. 1)

Comparison with other Indian Cities
We used estimates from other researchers computed using similar statistical modeling methods27

to compare the undercount factor for Pune city with that from other Indian cities across the first
two waves of pandemic.

 𝑢𝑛𝑑𝑒𝑟𝑐𝑜𝑢𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟

 𝑃𝑢𝑛𝑒  1. 9

𝑀𝑢𝑚𝑏𝑎𝑖 1. 9

𝐵𝑒𝑛𝑔𝑎𝑙𝑢𝑟𝑢 2. 1

𝐶ℎ𝑒𝑛𝑛𝑎𝑖 2. 3

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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Conclusions
● An estimated 17,633 excess deaths [95% confidence interval: 15,700 to 19,566] took

place in the PMC region in the period from March 2020 to December 2021.
● 1.9 times more deaths [95% confidence interval: 1.7 to 2.1] occurred from March 2020

to December 2021 in the PMC regions compared to reported COVID-19 deaths.

Limitations and Future Directions
● We have currently reported only confidence intervals. Future work will involve

computing more robust margin of error metrics such as prediction intervals.
● We have currently aggregated estimates across sources using a simple bootstrap. This

method fails to incorporate the uncertainty associated with each individual estimate.
Future work will include improved model averaging techniques.

● We are currently working with other statistical models like LSTMs, SVMs, and decision
trees. Future work will include results of hyperparameter tuning, training accuracy, and
cross-validation accuracy from these models.

● We assume 100% death registration coverage in our statistical modeling and do not
account for a potential dip in death registration during the pandemic.

Policy Recommendations
● Governments can compute excess death estimates using more granular mortality data.
● Wisdom of crowds surveys can be done in areas lacking robust public mortality data.

This study was conducted by Jnana Prabodhini Foundation’s Analytics wing in collaboration
with the Pune Knowledge Cluster and Carnegie Mellon University.
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