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Definition

- force of mortality at age x and time t

𝑟 𝑥, 𝑡 = −
𝑑

𝑑𝑡
ln µ(𝑥, 𝑡) - rate of mortality improvement at age x and time t

µ(𝑥, 𝑡)

𝑟𝑥𝑡 = −𝑙𝑛
𝑚𝑥𝑡+1

𝑚𝑥𝑡

- death rate at age x and time t

- rate of mortality improvement at age x and time t 

𝑚𝑥𝑡

Or in continuous time:

(1)



Why we need it?

• Exploratory data analysis

• Presentation of trends in age-specific death rates

• Model building and evaluation

• Data quality assessment



Example: United States, Males, years 1933-2018

ln𝑚𝑥𝑡Log death rates, Rate of mortality improvement, 𝑟𝑥𝑡



                                    

    

   

   

   

   

   

   

   

   

   

   

   

 
 
 

                                    

   

   

   

   

   

   

   

   

   

   

   

      

      

      

      

      

      

Example: United States, Males, years 1933-2018

Lexis Maps

Log death rates Rate of mortality improvement



Estimation 

A) First smooth matrix of death rates, mxt , then compute rxt, with Eq. (1)
B) First compute rxt from unsmoothed mxt, and then apply a smoothing method 

Two approaches:

Smoothing methods

• Smooth each trend in an age-specific death rate 

a) moving average

b) kernel smoothing / LOESS smoother

c) smoothing spline 

d) Poisson regression incl. test of significance (Andreev, 1999)

• Smooth simultaneously over age and time

a) 2-dimensional moving average or kernel smoothing

b) tensor-product splines

c) p-splines  (Camarda, 2012)



Estimation (cont.)

There no strict criteria exist how degree of smoothing must be selected.  For splines, for example, cross-

validation is commonly used for automatic selection of a smoothing parameter.

All methods produce similar results for comparable degrees of smoothing (Andreev, 2018).
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Estimation (cont.)
Iterative 2-dimensinal kernel smoother (gaussian 3x3 kernel)

Number of iterations: 0 (no smoothing) Number of iterations: 10 Number of iterations: 20 (final estimate)

United States, Males, 1933-2018

Smoothing criterion: number of blobs 



United States, Males, 1933-2018

Death rates declining 
by 5% or more annually

Increases in death 
rates in the 1960s

Increases in death 
rates in the 1980s

Recent increases in 
death rates at young 
adult ages, ‘deaths 
of despair’

Age shifting pattern of 
mortality improvement

This color shows year 
and ages with death 
rates declining on 
average 5% or more 
annually

This color shows year 
and ages with death 
rates increasing on 
average 5% or more 
annually

Recent increases in 
death rates at pre-
retirement ages



Predominantly period pattern of mortality improvement 
Russia, Males

Increasing death rates 
at older ages point to 
data quality problems 
at older ages. 



Age-shifting pattern of mortality improvement
Japan, Females



Cohort effect: deceleration  of decline for specific  cohorts
Denmark, Females

Jacobsen, R., Keiding, N., & Lynge, E. (2006). Causes of death behind low life expectancy of
Danish women. Scandinavian Journal of Social Medicine, 34(4), 432–436.



Cohort effect: acceleration of decline for specific cohorts
United Kingdom, Males



Mortality improvement patterns for 201 countries are available at 

http://www.mortalitytrends.org/

(work in progress) 



Mortality improvement patterns for 

individual countries 



 

 

Afghanistan 

 
Males Females 
 

  
 

    

 

  



 

 

Albania 

 
Males Females 
 

  
 

    

 

 

  



 

 

Algeria  

 
Males Females 
 

  
 

    

 

 

  



 

 

Angola 

 
Males Females 
 

  
  



 

 

Antigua and Barbuda 

 
Males Females 
 

  
 

    

 

 

  



 

 

Argentina 

  
Males Females 
 

  
 

  



 

 

Armenia 

  
Males Females 
 

  
 

  



 

 

Aruba 

 
Males Females 
 

  
 

  



 

 

Australia 

 
Males Females 
 

  
 

  



 

 

Austria 

 
Males Females 
 

  
 

  



 

 

Azerbaijan 

 
Males Females 
 

  
 

  



 

 

Bahamas 

 
Males Females 
 

  
 

 

  



 

 

Bahrain 

 
Males Females 
 

  
 

  



 

 

Bangladesh 

 
Males Females 
 

  
 

  



 

 

Barbados 

 
Males Females 
 

  
 

  

  



 

 

Belarus 

 
Males Females 
 

  
  

  

  



 

 

Belgium 

 
Males Females 
 

  
  

  

  



 

 

Belize 

 
Males Females 
 

  
  

  



 

 

Benin 

 
Males Females 
 

  
 

  



 

 

Bhutan 

 
Males Females 
 

  
 

  



 

 

Bolivia (Plurinational State of) 

 
Males Females 
 

  
 



 

 

Bosnia and Herzegovina 

 
Males Females 
 

  
 

  



 

 

Botswana 

 
Males Females 
 

  
  

  



 

 

Brazil 

 
Males Females 
 

  
  

  



 

 

Brunei Darussalam 

 
Males Females 
 

  
  

  



 

 

Bulgaria 

 
Males Females 
 

  
  

  



 

 

Burkina Faso 

 
Males Females 
 

  
 

  



 

 

Burundi 

 
Males Females 
 

  
 



 

 

Cabo Verde 

 
Males Females 
 

  
  

  



 

 

Cambodia 

 
Males Females 
 

 
 

 

  



 

 

Cameroon 

 
Males Females 
 

  
 

  



 

 

Canada 

 
Males Females 
 

  
 

  



 

 

Central African Republic 

 
Males Females 
 

  
 

  



 

 

Chad 

 
Males Females 
 

  
 

  



 

 

Channel Islands 

 
Males Females 
 

  
 

  



 

 

Chile 

 
Males Females 
 

  
 

  



 

 

China 

 
Males Females 
 

  
 

  



 

 

Colombia 

 
Males Females 
 

  
 

  



 

 

Comoros 

 
Males Females 
 

  
 

  



 

 

Congo 

 
Males Females 
 

  
 

  



 

 

Costa Rica 

 
Males Females 
 

  
 

  



 

 

Croatia 

 
Males Females 
 

  
 

  



 

 

Cuba 

 
Males Females 
 

  
 

  



 

 

Curaçao 

 
Males Females 
 

  
 

  



 

 

Cyprus 

 
Males Females 
 

  
 

  



 

 

Czechia 

 
Males Females 
 

  
 

  



 

 

Côte d'Ivoire 

 
Males Females 
 

  
 

  



 

 

Dem. Republic of the Congo 

 
Males Females 
 

  
 

  



 

 

Denmark 

 
Males Females 
 

  
 

  



 

 

Djibouti 

 
Males Females 
 

  
 

  



 

 

Dominican Republic 

 
Males Females 
 

  
 

  



 

 

Ecuador 

 
Males Females 
 

  
 

  



 

 

Egypt 

 
Males Females 
 

  
 

  



 

 

El Salvador 

 
Males Females 
 

  
 

  



 

 

Equatorial Guinea 

 
Males Females 
 

  
 

  



 

 

Eritrea 

 
Males Females 
 

  
 

  



 

 

Estonia 

 
Males Females 
 

  
 

  



 

 

Eswatini 

 
Males Females 
 

  
 

  



 

 

Ethiopia 

 
Males Females 
 

  
 

  



 

 

Fiji 

 
Males Females 
 

  
 

  



 

 

Finland 

 
Males Females 
 

  
 

  



 

 

France 

 
Males Females 
 

  
 

  



 

 

French Guiana 

 
Males Females 
 

  
 

  



 

 

French Polynesia 

 
Males Females 
 

  
 

  



 

 

Gabon 

 
Males Females 
 

  
 

  



 

 

Gambia 

 
Males Females 
 

  
 

  



 

 

Georgia 

 
Males Females 
 

  
 

  



 

 

Germany 

 
Males Females 
 

  
 

  



 

 

Ghana 

 
Males Females 
 

  
 

  



 

 

Greece 

 
Males Females 
 

  
 

  



 

 

Grenada 

 
Males Females 
 

  
 

  



 

 

Guadeloupe 

 
Males Females 
 

  
 

  



 

 

Guam 

 
Males Females 
 

  
 

  



 

 

Guatemala 

 
Males Females 
 

  
 

  



 

 

Guinea 

 
Males Females 
 

  
 

  



 

 

Guinea-Bissau 

 
Males Females 
 

  
 

  



 

 

Guyana 

 
Males Females 
 

  
 

  



 

 

Haiti 

 
Males Females 
 

  
 

  



 

 

Honduras 

 
Males Females 
 

  
 

  



 

 

China, Hong Kong SAR 

 
Males Females 
 

  
 

  



 

 

Hungary 

 
Males Females 
 

  
 

  



 

 

Iceland 

 
Males Females 
 

  
 

  



 

 

India 

 
Males Females 
 

  
 

  



 

 

Indonesia 

 
Males Females 
 

  
 

  



 

 

Iran (Islamic Republic of) 

 
Males Females 
 

  
 

  



 

 

Iraq 

 
Males Females 
 

  
 

  



 

 

Ireland 

 
Males Females 
 

  
 

  



 

 

Israel 

 
Males Females 
 

  
 

  



 

 

Italy 

 
Males Females 
 

  
 

  



 

 

Jamaica 

 
Males Females 
 

  
 

  



 

 

Japan 

 
Males Females 
 

  
 

  



 

 

Jordan 

 
Males Females 
 

  
 

  



 

 

Kazakhstan 

 
Males Females 
 

  
 

  



 

 

Kenya 

 
Males Females 
 

  
 

  



 

 

Kiribati 

 
Males Females 
 

  
 

  



 

 

Kuwait 

 
Males Females 
 

  
 

  



 

 

Kyrgyzstan 

 
Males Females 
 

  
 

  



 

 

Lao People's Dem. Republic 

 
Males Females 
 

  
 

  



 

 

Latvia 

 
Males Females 
 

  
 

  



 

 

Lebanon 

 
Males Females 
 

  
 

  

  



 

 

Lesotho 

 
Males Females 
 

  
 

  

  



 

 

Liberia 

 
Males Females 
 

  
 

  

  



 

 

Libya 

 
Males Females 
 

  
 



 

 

Lithuania 

 
Males Females 
 

  
 

 

  



 

 

Luxembourg 

 
Males Females 
 

  
 

  



 

 

China, Macao SAR 

 
Males Females 
 

  
 

  



 

 

Madagascar 

 
Males Females 
 

  
 

  



 

 

Malawi 

 
Males Females 
 

  
 

  



 

 

Malaysia 

 
Males Females 
 

  
 

  



 

 

Maldives 

 
Males Females 
 

  
 

  



 

 

Mali 

 
Males Females 
 

  
 

  



 

 

Malta 

 
Males Females 
 

  
 

  



 

 

Martinique 

 
Males Females 
 

  
 

  



 

 

Mauritania 

 
Males Females 
 

  
 

  

  



 

 

Mauritius 

 
Males Females 
 

  
 

  

  



 

 

Mayotte 

 
Males Females 
 

  
 

  

  



 

 

Mexico 

 
Males Females 
 

  
 

  

  



 

 

Micronesia (Fed. States of) 

 
Males Females 
 

  
 

  

  



 

 

Republic of Moldova 

 
Males Females 
 

  
 

  

  



 

 

Mongolia 

 
Males Females 
 

  
 

  

  



 

 

Montenegro 

 
Males Females 
 

  
 

  

  



 

 

Morocco 

 
Males Females 
 

  
 

  

  



 

 

Mozambique 

 
Males Females 
 

  
 

  

  



 

 

Myanmar 

 
Males Females 
 

  
 

  

  



 

 

Namibia 

 
Males Females 
 

  
 

  

  



 

 

Nepal 

 
Males Females 
 

  
 

  

  



 

 

Netherlands 

 
Males Females 
 

  
 

  

  



 

 

New Caledonia 

 
Males Females 
 

  
 

  

  



 

 

New Zealand 

 
Males Females 
 

  
 

  

  



 

 

Nicaragua 

 
Males Females 
 

  
 

  

  



 

 

Niger 

 
Males Females 
 

  
 

  

  



 

 

Nigeria 

 
Males Females 
 

  
 

  

  



 

 

Dem. People's Rep. of Korea 

 
Males Females 
 

  
 

  

  



 

 

North Macedonia 

 
Males Females 
 

  
 

  

  



 

 

Norway 

 
Males Females 
 

  
 

  

  



 

 

Oman 

 
Males Females 
 

  
 

  

  



 

 

Pakistan 

 
Males Females 
 

  
 

  

  



 

 

State of Palestine 

 
Males Females 
 

  
 

  

  



 

 

Panama 

 
Males Females 
 

  
 

  

  



 

 

Papua New Guinea 

 
Males Females 
 

  
 

  

  



 

 

Paraguay 

 
Males Females 
 

  
 

  

  



 

 

Peru 

 
Males Females 
 

  
 

  

  



 

 

Philippines 

 
Males Females 
 

  
 

  

  



 

 

Poland 

 
Males Females 
 

  
 

  

  



 

 

Portugal 

 
Males Females 
 

  
 

  

  



 

 

Puerto Rico 

 
Males Females 
 

  
 

  

  



 

 

Qatar 

 
Males Females 
 

  
 

  

  



 

 

Romania 

 
Males Females 
 

  
 

  

  



 

 

Russian Federation 

 
Males Females 
 

  
 

  

  



 

 

Rwanda 

 
Males Females 
 

  
 

  

  



 

 

Réunion 

 
Males Females 
 

  
 

  

  



 

 

Saint Lucia 

 
Males Females 
 

  
 

  

  



 

 

Samoa 

 
Males Females 
 

  
 

  

  



 

 

Sao Tome and Principe 

 
Males Females 
 

  
 

  

  



 

 

Saudi Arabia 

 
Males Females 
 

  
 

  

  



 

 

Senegal 

 
Males Females 
 

  
 

  

  



 

 

Serbia 

 
Males Females 
 

  
 

  

  



 

 

Seychelles 

 
Males Females 
 

  
 

  

  



 

 

Sierra Leone 

 
Males Females 
 

  
 

  

  



 

 

Singapore 

 
Males Females 
 

  
 

  

  



 

 

Slovakia 

 
Males Females 
 

  
 

  

  



 

 

Slovenia 

 
Males Females 
 

  
 

  

  



 

 

Solomon Islands 

 
Males Females 
 

  
 

  

  



 

 

Somalia 

 
Males Females 
 

  
 

  

  



 

 

South Africa 

 
Males Females 
 

  
 

  

  



 

 

Republic of Korea 

 
Males Females 
 

  
 

  

  



 

 

South Sudan 

 
Males Females 
 

  
 

  

  



 

 

Spain 

 
Males Females 
 

  
 

  

  



 

 

Sri Lanka 

 
Males Females 
 

  
 

  

  



 

 

Saint Vincent and the Grenadines 

 
Males Females 
 

  
 

  

  



 

 

Sudan 

 
Males Females 
 

  
 

  

  



 

 

Suriname 

 
Males Females 
 

  
 

  

  



 

 

Sweden 

 
Males Females 
 

  
 

  

  



 

 

Switzerland 

 
Males Females 
 

  
 

  

  



 

 

Syrian Arab Republic 

 
Males Females 
 

  
 

  

  



 

 

China, Taiwan Province of China 

 
Males Females 
 

  
 

  

  



 

 

Tajikistan 

 
Males Females 
 

  
 

  

  



 

 

United Republic of Tanzania 

 
Males Females 
 

  
 

  

  



 

 

Thailand 

 
Males Females 
 

  
 

  

  



 

 

Timor-Leste 

 
Males Females 
 

  
 

  

  



 

 

Togo 

 
Males Females 
 

  
 

  

  



 

 

Tonga 

 
Males Females 
 

  
 

  

  



 

 

Trinidad and Tobago 

 
Males Females 
 

  
 

  

  



 

 

Tunisia 

 
Males Females 
 

  
 

  

  



 

 

Turkey 

 
Males Females 
 

  
 

  

  



 

 

Turkmenistan 

 
Males Females 
 

  
 

  

  



 

 

United States Virgin Islands 

 
Males Females 
 

  
 

  

  



 

 

Uganda 

 
Males Females 
 

  
 

  

  



 

 

Ukraine 

 
Males Females 
 

  
 

  

  



 

 

United Arab Emirates 

 
Males Females 
 

  
 

  

  



 

 

United Kingdom 

 
Males Females 
 

  
 

  

  



 

 

United States of America 

 
Males Females 
 

  
 

  

  



 

 

Uruguay 

 
Males Females 
 

  
 

  

  



 

 

Uzbekistan 

 
Males Females 
 

  
 

  

  



 

 

Vanuatu 

 
Males Females 
 

  
 

  

  



 

 

Venezuela (Bolivarian Republic of) 

 
Males Females 
 

  
 

  

  



 

 

Viet Nam 

 
Males Females 
 

  
 

  

  



 

 

Western Sahara 

 
Males Females 
 

  
 

  

  



 

 

Yemen 

 
Males Females 
 

  
 

  

  



 

 

Zambia 

 
Males Females 
 

  
 

  

  



 

 

Zimbabwe 

 
Males Females 
 

  
 


