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Abstract 
This article demonstrates that GDP FP-causes life expectancy at birth. The 
confirming fractional polynomial regression in Section 3.2 is run over the 
pre-pandemic period 1991-2018. During the subsequent pandemic, the 
American Center for Disease Control reported that life expectancy at birth in 
the USA dropped one year during the first six months of 2020, the largest 
drop since World War II. The drops in African and Hispanic life expectancy 
at birth during this period were 2.7 and 1.9 years (Aljazeera; Democracy Now, 
February 18, 2021). The USA is the worst COVID-19-effected population. It is 
now imperative to verify that life expectancy at birth is well predicted from 
GDP in all nations over 1991-2018. This pre-pandemic control for each nation 
will accurately calibrate its subsequent yearly survival drops due to COVID-19. 
This is especially important in light of the trade war between the United States 
and China, which has increased the need for the precise measurement of the 
human effects of this war. 
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1. Introduction 

The United Nation’s Secretary General Antonio Guterres has recently advocated 
reforms of the World Bank, the International Monetary Fund, and the UN Secu-
rity Council (Aljazeera, accessed on 19 July, 2020). Guterres stresses that events 
have overtaken us (www.nelsonmandela.org/content/page/annual-lecture-2020):  
● The corona virus has brought the world to the breaking point and exposed 

deep demographic inequalities.  
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● A new UN governance would give each nation an equal vote and no veto.  
● A new social contract would create equal opportunity at all institutional le-

vels.  
● An inclusive and balanced multilateral trading system would provide sus-

tenance and sustainability.  
Guterres reiterated these issues at the United Nations 75th anniversary on 

September 21, 2020. Pursuing “the future we want, the United Nations we need”, 
the UN passed a Declaration of International Collaboration advocating an egali-
tarian reformation of the UN as well as the entire global establishment. Ten 
weeks later Guterres implicitly admonished some of the G20 nations for their 
rejection and ignorance of the World Health Organization’s information and 
guidance in addressing poor nation’s poverty, hunger, and survival in the 
COVID-19 pandemic: “When countries go in their own direction, the virus goes 
in every direction” (Aljazeera, December 3, 2020). Pivoting to climate change, 
Guterres then requested governments to declare climate emergencies in their 
own countries: “This is a moment of truth and it is also a moment of hope” (Alja-
zeera, December 12, 2020). Echoing Guterres at the World Economic Forum in 
Davos, Switzerland on 1/25/2021, Xi Jinping said: “We must build an open world 
economy, firmly safeguard the multilateral trade system, and refrain from making 
discriminating and exclusive standards, rules, and systems, as well as high walls 
that separate trade, investment, and technology” (https://www.euractiv.com).  

These recent moments of truth and hope suggest life expectancy as perhaps 
the world’s most crucial imperative. This then points to GDP as the gateway to a 
population’s comfort, security, and well-being.  

Sections 2 and 3 give the World Bank’s description of life expectancy at birth 
in years and GDP in trillions of current US$. Section 4 shows that world GDP 
drives world life expectancy at birth and Section 5 discusses these two indicators 
in the new social data science. This section also emphasizes that these two indi-
cators are measured on ratio scales, which exceed interval scales in the hierarchy 
of scientific measurement (Stevens, 1946; Torgerson, 1958; Suppes & Zinnes, 
1963). Section 6 summarizes the major discovery here; namely, world GDP in 
trillions of current US$ FP-causes world life expectancy in years. This work re-
lies on two data definitions and one fractional-polynomial regression. The effi-
cacy of these definitions and their regression will be tested in the coming weeks 
when the G7 and G20 nations debate the economic tradeoffs between rich and 
poor countries.  

2. Life Expectancy at Birth (Years) 

The following details for the variable life expectancy at birth are given by the 
World Bank (http://beta.data.worldbank.org/): 

Life expectancy at birth indicates the number of years a newborn infant would 
live if prevailing patterns of mortality at the time of its birth were to stay the 
same throughout its life. 

Source: 1) United Nations Population Division. World Population Prospects: 
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2019 Revision derived from male and female life expectancy at birth from 
sources such as: 2) Census reports and other statistical publications from na-
tional statistical offices, 3) Eurostat: Demographic Statistics, 4) United Nations 
Statistical Division. Population and Vital Statistics Report (various years), 5) 
U.S. Census Bureau: International Database, and 6) Secretariat of the Pacific 
Community: Statistics and Demography Programme. 

Development Relevance. Mortality rates for different age groups (infants, 
children, and adults) and overall mortality indicators (life expectancy at birth or 
survival to a given age) are important indicators of health status in a country. 
Because data on the incidence and prevalence of diseases are frequently unavail-
able, mortality rates are often used to identify vulnerable populations. And they 
are among the indicators most frequently used to compare socioeconomic de-
velopment across countries. 

3. GDP (Trillions of Current US$)  

History of GDP. In the great depression Simon Kuznetz formulated Ameri-
can national accounts in terms of dollars, which evaluated different commodities 
in a common unit. He added up various national income sources and reported 
his result to the United States Senate in January, 1934 (Masood, 2016, Prologue, 
Chapters 2 and 3). “In 1940, six years after Simon Kuznetz had presented his na-
tional income estimates to the Senate, Keynes had written down in a table the 
basis for what today is the formula for GDP” (Masood, 2016: p. 26). This formu-
la adds up three macro indicators, household expenditure, domestic savings, and 
government expenditure, which constitute Keynesian GDP.  

Importance of GDP. In 1999, mindful of Simon Kuznets original accounting 
of distinct goods like cars and cereal boxes by their dollar values, the United 
States Commerce Department proclaimed the GDP formula as the U.S. govern-
ment’s greatest invention of the 20th century (Masood, 2016, Introduction). The 
calibration of GDP’s three indicators in current US dollars for all nations signals 
a continuing American control of the global economy. In the plethora of global 
indexes, GDP looms as the composite most fundamental to the global economy. 
GDP is so basic, longstanding, and prestigious that market traders, analysts, and 
policy planners track it daily on worldwide television and internet. The new em-
pirical economics is dominated by GDP’s “Making the Modern World” 
(Masood, 2016, Preface), it’s fostering human development, and its availability 
in most national accounts. 

Indicators of GDP. Here we view GDP’s components, household expendi-
ture, domestic savings, and government expenditure, as separate time-varying 
indicators (http://beta.data.worldbank.org): 

Household final consumption expenditure (current US$): “Household fi-
nal consumption expenditure (formerly private consumption) is the market val-
ue of all goods and services, including durable products (such as cars, washing 
machines, and home computers), purchased by households. It excludes pur-
chases of dwellings but includes imputed rent for owner-occupied dwellings. It 
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also includes payments and fees to governments to obtain permits and licenses. 
Here, household consumption expenditure includes the expenditures of non-
profit institutions serving households, even when reported separately by the 
country. Data are in current U.S. dollars.”    

Gross domestic savings (current US$): “Gross domestic savings are calcu-
lated as GDP less final consumption expenditure (total consumption). Data are 
in current U.S. dollars.”  

The World Bank’s update of John Maynard Keynes final indicator, added 
during World War II (Keynes, 1940), is: 

General government final consumption expenditure (current US$): “Gen-
eral government final consumption expenditure (formerly general government 
consumption) includes all current government expenditures for purchases of 
goods and services (including compensation of employees). It also includes most 
expenditures on national defense and security, but excludes government military 
expenditures that are part of government capital formation. Data are in current 
U.S. dollars.”  

This dollar denomination of variables counted in different units (automobiles, 
cereal boxes, etc.) allows the ratio scaling of GDP up to a multiplier calibrating 
GDP in single, thousands, millions, billions, or trillions of current US dollars. 
This ratio scaling also allows daily exchange-rates to multiply one nation’s cur-
rency into another’s (e.g. dollars into yuan).  

4. World GDP (G) as an FP-Cause of World Life Expectancy at  
Birth (E)  

This paper shows that G FP-causes E in year t = 1991 … 2018, where FP denotes 
fractional polynomial (cf. Royston & Altman, 1994; Granger, 2001).  

Definition 1. Vectors G and E replicate constants Gt and Et Nt times and 
contain ΣtNt values, where Nt is population size in year t = 1991 … 2018.  

G and E are unique up to multiplication by positive constants that calibrate 
them in singles, twenties, fifties, hundreds, thousands, millions, billions, or tril-
lions of current US$ for G and hours, days, weeks, months, or years for E.   

Definition 2. If a fractional polynomial regression of E on G over t = 1991 … 
2018 returns an R2 ≥ 0.95, then G FP-causes E.   

The following Tobrina algorithm returns an importance-weighted fractional 
polynomial regression in Stata syntax (StataCorp., 2011):  

fracpoly regress E G [iweight = POPmillions], adjust(G:mean) degree(2) nos-
caling 

R2 = 0.9794 for this regression of E on G over t = 1991 … 2018. It is important 
to note that this R2 is invariant with respect to the units in which E and G are ca-
librated: i.e. hours, days, weeks, months, or years for E, and single, hundreds, 
thousands, millions, billions, or trillions of current US$ for G.  

The fitted R2 of 0.9794 gives strong empirical confirmation that G FP-causes 
E. It remains to be shown if GDP FP-causes life expectancy at birth in each of 
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the G20 nations over 1991-2018. The yearly, pre-pandemic, within-nation 
life-expectancy increments can then be compared with subsequent decrements 
to assess a viral effect on national life expectancy at birth. These comparisons 
will expose cross-national inequalities in the viral effect due to varying wealth of 
nations.    

5. Dollar and Yearly Indicators in Data Science   

The theory and results in Section 3 override the basic canon of statistical infe-
rence, that there is fundamental uncertainty in all data. Neither denying nor 
quantifying uncertainty, we simply ignore it. This approach to sequential popu-
lations brings compelling advantages to social data science. Probabilistic infe-
rence is replaced by parameter computation and random variables give way to 
real variables. This suggests further “statistical thinking and new foundational 
frameworks” that help sort out “the many philosophical issues data science 
presents …” (Davidian, 2013). This call has been echoed by the American Na-
tional Science Foundation, who has “released a revised version of the solicitation 
‘Critical Techniques and Technologies for Advancing Foundations and Applica-
tions of Big Data Science …’” (Vogelius et al., 2015). In view of trade-war, 
COVID-19, and environmental shocks to all economies, focusing data science 
on GDP’s transformations to important global and national indexes is now 
compelling.  

In “Advancing Foundations and Applications of Big Data Science” Pfeffer-
mann observes that “The use of big data does not require a sampling frame, 
questionnaires, interviews, and all the other ingredients underlying survey sam-
ples […] this should be the ultimate target of every country—having sufficiently 
accurate administrative records so that no population censuses will be needed” 
(Pfeffermann, 2015: pp. 433, 455).  

Horrigan also views Big Data as non-sampled data “from electronic sources 
whose primary purpose is something other than statistical inference. […] this 
type of Big Data typically comprises the universe and, by definition, can 
represent (nearly) the entire population […]”. (Horrigan, 2013: pp. 25-26) As 
examples of non-sampled universe files Horrigan mentions daily price indexes, 
point-of-sale retail databases, universe data on hospitals, and corporate data. Si-
milarly, the theory in Section 4 here exploits the electronic files of the World 
Bank, from which R2 = 0.9794 is returned when life expectancy at birth in years 
is regressed on GDP in trillions of US$. These two variables, along with those 
mentioned by Horrigan, are measured on ratio scales, which exceed interval 
scales in the hierarchy of scientific measurement (Stevens, 1946; Torgerson, 
1958; Suppes & Zinnes, 1963).   

For almost half a century interval scales have been beset by skepticism about 
their incremental benefits over and above ratio scales already in use (Shapiro, 
1972). The problems associated with interval scaling, i.e. sampling and interro-
gating individuals, probabilistic inference, and significance testing, are absent 
with ratio-scaled dollar and yearly indicators.  
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The fractional polynomial regression run in Section 4 evades the host of 
long-standing, and now acute, issues daunting micro-data collection and analy-
sis. First, sampled micro data are beset by the unresolved competition between 
randomization-based and model-based regression (Chaudhuri & Stenger, 2005; 
Opsomer, 2009). Second, both types of regression face problems of measurement 
error (Bound, Brown, & Mathiowetz, 2001), sampling error (Thompson, 1997, 
Lohr, 2010; Brick & Montaquila, 2009), unit nonresponse (Frankovic, Panago-
poulos, & Shapiro, 2009), missing data (Little & Rubin, 2002), and variance es-
timation (Demnati & Rao, 2004; Prášková & Sen, 2009). Unit nonresponse alone 
threatens the entire survey industry due to public unwillingness to answer mail, 
telephone, internet, or face-to-face questions. The host of problems associated 
with survey measurement and process quality were discussed and illustrated 
over two decades ago (Lyberg et al., 1997). Today Bradburn laments that “[…] 
the challenges confronting the survey researcher are dominated by the difficulty 
in locating sample persons and getting them to respond at all.” (Bradburn, 2016: 
p. 94).   

6. Conclusion  

IMF’s Chief Economist Gita Gopinath, warned of a drop in global economic 
outlook in 2020 (CNBC, 24 June, 2020). On this same day she predicted that 
worldwide GDP will shrink 4.9% in 2020 (Aljazeera, 24 June, 2020). In the 
second quarter US and German GDP then fell 10%, the largest quarterly drop 
for these two nations since WWII. At an annualized rate, the American Econo-
my contracted by one third of its value in 2020 due to COVID19 (CNBC and 
Aljazeera, 30 July, 2020).  

This American GDP contraction has reversed in 2021 due to the liberal mon-
etary policy of President Biden, Treasury Secretary Yellen, and Federal Reserve 
Chairmen Powell (CNBC, May, 2021). American GDP, as a long-term percen-
tage of world GDP, is 29.09%  
(https://ycharts.com/indicators/us_gdp_as_a_percentage_of_world_gdp). This 
percentage supports R2 = 0.9794 in Section 4 showing that world GDP drives 
world life expectancy—a natural outcome of comfort, security, and well-being. 
This finding is brought by only two data definitions and one Stata regression 
(StataCorp, 2011). It remains to be seen if the World Bank or IMF can also show 
that national GDP FP-causes national life expectancy at birth in every nation. 
Yearly, pre-pandemic, within-nation life-expectancy increments can then be 
compared with subsequent decrements to assess an endogenous viral effect on 
world life expectancy at birth. These comparisons will expose cross-national in-
equalities in this viral effect due to the varying wealth of nations.  
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