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Introduction 

The data set1 gives the number of deaths per 

person in England and Wales, broken down 

by year, sex and age group. The first 23 

rows of the data set are shown in Figure 1 

for illustrative purposes. The time series 

runs from 1841 (as shown) until 2020, 

inclusive. The figures shown in this report 

were produced in the file 

‘death_rates.ipynb’. 

 

 

 

 

 

 

Figure 1: The beginning of the data set 

 

 

 

DATA CLEANING AND MISSING DATA 

 

Two things immediately become apparent on inspecting the data shown in Figure 1. 

 

Firstly, there are no data for death rates in the age group 110+: these fields are populated with ‘.’. In 

total, this was the case for 444 fields in the data set where a death rate would be (out of 12 960 total), 

with the following split: 

 

 

                                                
1 Source: HMD, The Human Mortality Database. Max Planck Institute for Demographic Research 

(Germany), University of California, Berkeley (USA), and French Institute for Demographic Studies 

(France). Available at www.mortality.org. Data downloaded on 5 January 2023. 

http://www.mortality.org/


 

 

Age Female Male Total 

105-109 0 26 0 

110+ 130 160 128 

 

It seems reasonable to assume that there were no data in these fields because, in that year and for that 

sex, there was no-one in that age category to begin with, and so it would be impossible to produce a 

death rate because the attempt would involve division by zero. Apart from this, there were no other 

missing data in the data set. 

 

The second striking aspect of the data shown in  

Figure 1 is that the death rate shown for males aged 105-109 is, implausibly, over 1. Taken at face 

value, that seems to be saying that more people in this category died than there were to begin with, 

which is incoherent. Death rates over 1 appeared 271 times in the data set, with the following 

distribution: 

 

Age Female Male Total 

105-109 61 82 69 

110+ 22 14 23 

 

I understand that the statistical methods used to calculate these death rates2 are quite sophisticated and 

so these results may not be as incoherent as they seem. Nevertheless, the doubts that these figures raised, 

along with the null values in the same age groups, made me decide to simply drop all the rows for the 

age categories 105-109 and 110+. It seems reasonable to assume that whatever trends emerge for the 

age categories up to 100-104 should carry over to even older age categories. 

 

I carried out two other pieces of data cleaning. First, I cast the columns ‘Female’, ‘Male’ and ‘Total’ to 

float. They had been of type str, presumably because of the presence of instances of ‘.’ originally. 

Second, I multiplied all the death rates by 1 000. This was so as to be able to refer to deaths per 1 000 

population, which is the more commonly-used way of referring to death rates, and also because I judged 

that this would make the visualisations easier for viewers to get a handle on quickly. 

 

 

DATA STORIES AND VISUALISATIONS 

  

Infant and Childhood Mortality 

 

The plots in Figure 2 show infant (aged under 1) and childhood (aged 1-4 inclusive) mortality over time. 

 

                                                
2 ‘Methods Protocol for the Human Mortality Database’, Version 6. Downloaded from 
https://www.mortality.org/File/GetDocument/Public/Docs/MethodsProtocolV6.pdf, 6 January 2023. 

https://www.mortality.org/File/GetDocument/Public/Docs/MethodsProtocolV6.pdf


 

 

 
Figure 2: Infant and childhood mortality 

 

For both age groups, mortality has been on a downward curve for some time, which may be flattening 

off now. However, the downward curve for the age group 1-4 began much earlier – possibly even earlier 

than the beginning of the data set. On the other hand, the mortality rate for infants was flat for some 

time, and the downward curve seems to have begun some time around the year 1900. That should 

prompt an investigation into what social, economic or health changes took place around that time that 

could have begun this period of improvement. 

 

The Impact of Major Events 

 

The bar plot in Figure 3 has been chosen to illustrate just how starkly the effect of the two World Wars 

(especially the First World War) can be seen in the data. 

 



 

 

 
Figure 3: Mortality rates of men aged 20-24 

 

The aim of this exercise is to determine how significantly the different age/sex groups were affected by 

the following four major events that fall within the period covered by the data set: 

 

1. The First World War (1914-1918). 

2. The Spanish Flu pandemic (1918-1920). 

3. The Second World War (1939-1945). 

4. The COVID-19 pandemic (2020). 

 

‘Significance’ in the sense of this exercise was measured by the mortality rate, for each age/sex group, 

in comparison with the distribution of mortality rates for the same group over the five years preceding 

the event in question. However, since the First World War and the Spanish Flu pandemic overlapped, 

the comparison years for the First World War and Spanish Flu were the same. Overall, then, the 

comparisons made were as shown in the table below. 

 

Event Year Compared to 

First World War 1914 1909-1913 

First World War 1915 1909-1913 

First World War 1916 1909-1913 

First World War 1917 1909-1913 

First World War / Spanish Flu 1918 1909-1913 

Spanish Flu 1919 1909-1913 

Spanish Flu 1920 1909-1913 



 

 

Second World War 1939 1934-1938 

Second World War 1940 1934-1938 

Second World War 1941 1934-1938 

Second World War 1942 1934-1938 

Second World War 1943 1934-1938 

Second World War 1944 1934-1938 

Second World War 1945 1934-1938 

COVID-19 2020 2014-2019 

 

The respective comparisons are shown in the following figures. In each case, each cell in the crosstab 

shows, for that age/sex group, the Z-score for the death rate when compared to the distribution for the 

comparison years. So, for example, by this measure the deadliest cell is 1918 for males aged 20-24 

(Figure 5). The death rate for men aged 20-24 in 1918 was almost 350 standard deviations above the 

mean death rate for men aged 20-24 between 1909 and 1913. The cells have been colour-coded using 

Pandas.Styler: from a Z-score of 2 the cells get progressively darker shades of grey; from a Z-score of 

50 they get a progressively darker shade of red. 

 

The First World War and Spanish Flu 

 

Figure 4 and Figure 5 show the results for the WW1 and Spanish Flu years (combined), for females and 

males, respectively. We can see that WW1 was incredibly deadly for boys and men in the age brackets 

from 15 up to 39, and got ever-deadlier as the war progressed. Some of the effect in 1918 is undoubtedly 

due to the Spanish Flu as well; 1918 was also very deadly for women in these same age brackets, and 

also for younger boys and girls. This effect persists into 1919, and by 1920 things seem to be back to 

the pre-war normal. 



 

 

 
Figure 4: Female death rates by age group compared to the 1909-1913 average (standardised scores) 

 
Figure 5: Male death rates by age group compared to the 1909-1913 average (standardised scores) 



 

 

The absolute devastation of WW1 on male mortality can also be starkly illustrated by the plot shown in 

Figure 6. 

 

 
Figure 6: Comparison of male death rates, 1909-1913 vs. 1914-1920 (raw scores) 

 

The Second World War 

 

The corresponding crosstabs for the Second World War years, this time compared to 1934-1938, are 

shown in Figure 7 and Figure 8 for females and males respectively. 

 



 

 

 
Figure 7: Female death rates by age group compared to the 1934-1938 average (standardised scores) 

 
Figure 8: Male death rates by age group compared to the 1934-1938 average (standardised scores) 



 

 

We see that WW2 was deadly for men in the same age bracket as WW1 (i.e., fighting age). We also see 

that, just like WW1, it got deadlier as it went on. 

 

One unexpected finding of this section is that there were excess deaths in almost all adult age categories, 

for both men and women, in 1940 specifically. The cause of this needs investigation. 

 

COVID-19 

 

The corresponding comparison of 2020 to the 2015-2019 average is shown in Figure 9 and Figure 10 

for females and males respectively. 

 

 
Figure 9: Female death rates by age group compared 
to the 2015-2019 average (standardised scores) 

 
Figure 10: Male death rates by age group compared to 
the 2015-2019 average (standardised scores) 

 

We see the effect of COVID-19 in excess deaths in almost every age from 35-39 up.  

 

THIS REPORT WAS WRITTEN BY: MATTHEW GOTHAM 



 

 

 


