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“Weekly excess deaths could provide the most objective and comparable 

way of assessing the scale of the pandemic and formulating lessons to be 

learned. [...] Crucially, the counts would be of deaths by all causes combined, 

MONITORING OF COVID-19 PANDEMIC (1/5)

thus side-stepping issues of what is or is not a death attributable to COVID-19.”

Leon et al. 2020
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Contributions to changes in life expectancy at birth from 2019 to 2020 
attributable to official COVID-19 deaths and remaining causes of death 
(Aburto et al. 2022).
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MONITORING OF COVID-19 PANDEMIC (3/5)

Estimation of excess mortality as a difference between observed and 
expected mortality levels.
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MONITORING OF COVID-19 PANDEMIC (4/5)

Sensitivity analysis of excess mortality estimation.
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Source: Nepomuceno et al. (2022)



MONITORING OF COVID-19 PANDEMIC (5/5)

M A X P L A NC K IN S T I TU T E F OR D EM OGR A P HI C RE S E AR CH VAR IAT IO N IN  B U R D EN  OF  C OV ID - 1 9  PA N D EM IC  A CR OS S  TH E  F E D ER A L S TAT E S  I N  G E RM AN Y |  2 9 / 0 9 / 2 0 2 2  6

Source: HMD 2022.
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (1/6)

Estimated excess mortality at the national level (Kontis et al. 2021).
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (2/6)

Estimated excess mortality at the subnational level of the USA (Kontis et al. 2021)
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (3/6)

Estimated excess mortality at the subnational level of Italy (Cerqua et al. 2021).
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (4/6)

Estimated excess mortality at the subnational level of Spain (Islam et al. 2021).
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (5/6)

Estimated excess mortality at the subnational level of Sweden (Fonseca-Rodriguez et 
al. 2021, Kolk et al. 2022).
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STUDIES AT THE NATIONAL AND SUBNATIONAL LEVEL (6/6)

Estimated excess mortality at the subnational level of England, Greece, Italy, 
Spain and Switzerland (Konstantinoudis et al. 2022).
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7-day incidence of COVID-19 disease in Germany.

COVID-19 PANDEMIC IN GERMANY (1/2)
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Source: RKI 2022.
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Cumulative numbers of COVID-19 
cases across federal states of 
Germany, 2020-2021.

Cumulative case-fatality rates (CFRs) in the 
German federal states from the beginning 
of the pandemic until February 9, 2021 
(Morwinsky et al. 2021).

COVID-19 PANDEMIC IN GERMANY (2/2)
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Geographical location of Germany.

Socioeconomic differences across regions.

Previous research: different periods of study.

MOTIVATION FOR THE STUDY ON GERMANY
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Focus on the specific regions; not including all of the federal states in the study.

Use of the confirmed COVID-19 deaths as a measure.

Use of the average mortality as expected mortality level.



What is the real burden of pandemic in terms of excess mortality within 
Germany?

Does the excess mortality pattern follow the pattern of COVID-19 morbidity?

RESEARCH QUESTIONS

What structural indicators may contribute to the explanation of differences in 
excess mortality at the macro level?
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DATA

Federal states: week-specific 
death counts. Age groups: 0-64, 
65-74, 75-84, 85+ years. 
Districts: month-specific death 
counts. All age groups 
aggregated.

Numbers of confirmed 
Covid-19 cases per 100,000 
of inhabitants are 
published by the Robert-
Koch Institute (RKI) in the 
regular situational reports.

Socioeconomic indicators from 
the INKAR database reflecting 
the structural characteristics of 
the German regions in 2019.

We used state-level indicators: 
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aggregated.

Annual population exposures by 
5-year age groups. 

Annual death counts by 5-year 
age group and federal state for 
2020 (used for age-
standardization of weekly 
specific mortality).

Study period: 2020/15-2021/52.

regular situational reports.

Data on the occupation of 
the intensive care units 
(ICU) are published by the 
RKI (DIVI-Intensivregister).

We used state-level indicators: 
compositional (e.g., income, 
employment and educational 
composition) and contextual 
covariates (e.g., state-level BIP, 
availability of medical services, 
investment in regional projects).



Due to lack of information on the detailed age groups 
at the subnational level, we can use the method of 
calculation of the weekly standardized death rates 
(SDR) proposed by Klimkin et al. (2020) and use 
annual death rates available for the 5-year age 
groups.

We can use correction coefficient for the calculation 
of weekly SDR:

METHODS: CALCULATION OF AGE-STANDARDIZED DEATH 
RATES (1/3)

Weekly crude and standardized death rates, 
Bavaria, both sexes.

Where            is the region-specific annual crude death rate, 

is the year-age-specific death rate in the region,

is the age-specific population share in the standard 
population.
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Klimkin et al. (2020). Calculation of Week-Specific Age-Standardized 
Death Rates from STMF Data on Mortality by Broad Age Intervals. 
Max Planck Institute for Demographic Research, Rostock, Germany.



Federal states: Expected mortality 
level is estimated as state-specific 
mortality trends calculated 
separately for each week:

METHODS: CALCULATION OF EXPECTED MORTALITY (2/3)

Week- and state-specific mortality trend.

Where is the estimated value of 
mortality trend (SDR) in the week ,

is the year (2010-2019).

Districts: District-specific Bayesian 
GLM regression models.
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METHODS: CALCULATION OF STATE-SPECIFIC EXCESS 
MORTALITY (3/3)

Excess mortality is calculated as difference between observed and expected levels of 
mortality.

Observed and expected weekly death rates. Weekly excess mortality.
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What is the real burden of pandemic in terms of excess mortality within 
Germany?

Does the excess mortality pattern follow the pattern of COVID-19 morbidity?

RESEARCH QUESTIONS

What structural indicators may contribute to the explanation of differences in 
excess mortality at the macro level?

M A X P L A NC K IN S T I TU T E F OR D EM OGR A P HI C RE S E AR CH VAR IAT IO N IN  B U R D EN  OF  C OV ID - 1 9  PA N D EM IC  A CR OS S  TH E  F E D ER A L S TAT E S  I N  G E RM AN Y |  2 9 / 0 9 / 2 0 2 2  2 1



HETEROGENEITY IN MORTALITY DURING COVID-19 
PANDEMIC IN GERMANY (1/9)

Excess death rates across federal states of Germany during the 
COVID-19 pandemic in 2020 and 2021, both sexes.
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HETEROGENEITY IN MORTALITY DURING COVID-19 
PANDEMIC IN GERMANY (2/9)

Observed and expected weekly standardized death rates (SDR) in 
Bavaria and Saxony.
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HETEROGENEITY IN EXCESS MORTALITY (AGE-STANDARDIZED 
DEATH RATES)(3/9)

Weekly excess death rates across federal states of Germany, both sexes.
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HETEROGENEITY IN EXCESS MORTALITY BY SEX AND AGE 
GROUP (AGE-STANDARDIZED DEATH RATES) (4/9)

Weekly excess death rates across federal states of Germany.
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HETEROGENEITY IN EXCESS MORTALITY BY SEX AND AGE 
GROUP (AGE-STANDARDIZED DEATH RATES) (5/9)

Weekly excess death rates across federal states of Germany.
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HETEROGENEITY IN EXCESS MORTALITY (6/9)

Monthly excess mortality by spatial type (groups of districts) during the 
COVID-19 pandemic in 2020.
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HETEROGENEITY IN EXCESS MORTALITY (7/9)

Monthly excess mortality by spatial type (groups of districts) during the 
COVID-19 pandemic in 2020.
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HETEROGENEITY IN EXCESS MORTALITY (8/9)

Monthly excess mortality by spatial type (groups of districts) during the 
COVID-19 pandemic in 2020.
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HETEROGENEITY IN EXCESS MORTALITY (9/9)

Monthly excess mortality by spatial type (groups of districts) during the 
COVID-19 pandemic in 2020.
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What is the real burden of pandemic in terms of excess mortality within 
Germany?

Does the excess mortality pattern follow the pattern of COVID-19 morbidity?

RESEARCH QUESTIONS

What structural indicators may contribute to the explanation of differences in 
excess mortality at the macro level?
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RELATIONSHIP BETWEEN EXCESS MORTALITY AND 
COVID-19 MORBIDITY, 2020-2021 (1/2)

Cumulative numbers of excess deaths and COVID-19 cases per 100,000 at the 
federal state level of Germany.

M A X P L A NC K IN S T I TU T E F OR D EM OGR A P HI C RE S E AR CH VAR IAT IO N IN  B U R D EN  OF  C OV ID - 1 9  PA N D EM IC  A CR OS S  TH E  F E D ER A L S TAT E S  I N  G E RM AN Y |  2 9 / 0 9 / 2 0 2 2  3 2

Source: RKI 2022.
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RELATIONSHIP BETWEEN EXCESS MORTALITY AND 
COVID-19 MORBIDITY, 2020-2021 (2/2)

Cumulative numbers of excess deaths and COVID-19 cases per 100,000 at the 
district level of Germany.
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What is the real burden of pandemic in terms of excess mortality within 
Germany?

Does the excess mortality pattern follow the pattern of COVID-19 morbidity?

RESEARCH QUESTIONS

What structural indicators may contribute to the explanation of differences in 
excess mortality at the macro level?
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Covariate Regression coefficient Standard error

Cumulative numbers of confirmed 
COVID-19 cases

0.02*** 
(0.016, 0.025)

0.002

Percent of intensive care units occupied 
by COVID-19 patients (maximal 

5.028**
(2.493, 8.24)

1.344

IMPACT OF SELECTED STRUCTURAL INDICATORS ON 
EXCESS MORTALITY IN 2020-2021

Fixed-effects regression models including cumulative numbers of age-standardized excess death (over 
the period of 2020/15-2021/52) as dependent variable, Covid-19 morbidity and selected structural 
indicators as independent variable, and East-West indicator as group variable #.

by COVID-19 patients (maximal 
occupation)

(2.493, 8.24)
1.344

Employment rate
12.143** 

(4.949, 20.667)
3.766

Economic activity rate (employed and 
unemployed population)

15.599* 
(3.718, 27.347)

5.831

Share of employed population without 
professional education

-23.86*** 
(-32.403, -14.293)

4.38

Employment rate of population aged 55-
65 years

14.414** 
(5.807, 24.686)

4.513
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Notes. # Standardized regression coefficients with their 95% confidence limits. 
* p<0.05; ** p<0.01; *** p<0.001



Higher excess mortality in the eastern than in the western federal states at the same level of 
COVID-19 morbidity.

Inconsistency between patterns of COVID-19 morbidity and excess mortality during the 
pandemic. 

South-to-North gradient in registered COVID-19 morbidity vs. East-to-West gradient in excess 
mortality.

SUMMARY

Strong effect of COVID-19 morbidity on the excess mortality cumulated over the study period.

Lack of statistical relationship between the majority of selected socioeconomic indicators and 
excess mortality.

Employment structure of the subnational populations contribute to the explanation of the 
spatial variation in excess mortality in Germany.
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