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Abstract 

Objective  To assess the data quality and estimate the provincial infant mortality rate (1q0) from 
China’s sixth census. 

Methods  A log-quadratic model is applied to under-fifteen data. We analyze and compare the average 
relative errors (AREs) for 1q0 between the estimated and reported values using the leave-one-out 
cross-validation method. 

Results  For the sixth census, the AREs are more than 100% for almost all provinces. The estimated 
average 1q0 level for 31 provinces is 12.3‰ for males and 10.7‰ for females. 

Conclusion  The data for the provincial 1q0 from China’s sixth census have a serious data quality 
problem. The actual levels of 1q0 for each province are significantly higher than the reported values. 
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INTRODUCTION 

he infant mortality rate (IMR, denoted 1q0), 
defined as the ratio of the number of 
newborns less than one year of age who 

die divided by the number of live births in the same 
year, has an important place in mortality research. 
The IMR, which has previously been regarded a 
highly sensitive measure of population health[1], is 
also an important indicator for measuring population 
health[2] and reflects a country or region’s economic 
and social development. However, IMRs widely vary 
due to under-reporting or misreporting of newborn 
births and deaths[3-4], especially in China and other 
underdeveloped and developing countries[3,5].  

The sixth national census in China occurred 

between November 1, 2009 and October 30, 2010. 
According to the Chinese 2010 census data 
published by Chinese Statistics Press, China’s 1q0 is 
approximately 4‰ for both sexes combined. This 
rate is much less than the 13.1‰ IMR that was 
announced by the national health and family 
planning commission based on the 2010 cause of 
death surveillance system. However, the regions in 
the surveillance system do not span the entire 
country. Additionally, the surveillance data have 
problems with quality that result from a lack of 
statistical standardization, low management 
efficiency and difficult follow-up. Recent research on 
the sixth census data evaluation suggests that infant 
mortality is underreported in the sixth census and in 
the entire county, where the underreporting rate is 
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greater than 60%[5-6].  
Census infant mortality statistics are 

retrospective surveys, which are prone to missing 
reports in China for three main reasons. First, 
respondents avoid reporting their child’s death due 
to their sadness. Second, respondents subjectively 
conceal newborn’s births and deaths because of 
China’s one-child policy. The third reason is that 
statistical work is sometimes negligent because 
China has a large population and grass-roots 
investigators differ in professionalism. Additionally, 
respondents may have forgotten the infant’s death 
due to the long reporting period. 

China has a total of 6 censuses. The previous 
census in China also had missing death reports; 
however, the overall quality was acceptable. The 
missing deaths reporting problem was more serious 
in the sixth census than the fifth census. According 
to research on missing death rates, approximately 
10% of deaths were underreported in the 2000 fifth 
census (8% by Zhang[7]; 10%-15% by Zhai[8]), which 
increased to 20% in the 2010 sixth census[9]. 

In this paper, we assess the quality of each 
province’s infant mortality rate from China’s sixth 
census and estimate the actual mortality rates. The 
rest of this paper is organized into the following 
sections. Section 2 provides an overview of the data 
used in this paper. Section 3 presents the 
log-quadratic model and the probability of dying 
between ages 1 and 15 (denoted 14q1) to model the 
relationship with 1q0. Section 4 assesses the quality 
of each province’s 1q0 from the sixth census by 
comparing the errors from the model that was 
described in Section 4. In Section 5, we estimate the 
actual levels of each province’s 1q0 from the sixth 
census. In Section 6, we discuss the results and 
provide conclusions. 

In this paper, we present mortality indicators by 
sex, rather than for both sexes combined. This 
approach was chosen because most model life table 
systems that are used to adjust the 14q1 value rely on 
mortality information by sex. 

All calculations were completed using the R 
statistical programming. The average number of 
years lived for each age interval (x, x+n) by those 
dying during the age interval are obtained from the 
Coale and Demeny West region relationships[10]. 

METHOD 

Data 

The data used in this paper come from two 

primary sources. First, we collected 872 (for each sex) 
period life tables from the Human Mortality 
Database (HMD) that covered (mostly) 5-year time 
intervals[11]. The HMD is a publicly available dataset 
that is maintained by the University of California in 
Berkley, California, USA and the Max Planck Institute 
for Demography Research in Rostock, Germany. The 
HMD dataset has many advantages, which include 
high data quality as well as standardized age and 
time intervals. This dataset contains mortality 
profiles from 37, mostly developed, world regions, 
with the earliest tables dating back to the mid-18th 
century and the most recent from 2009, which 
represents more than 98 billion person-years of risk 
exposure. In this analysis, we used all under-fifteen 
mortality rates. The data are divided into 40 
countries or areas and contains an aggregate 
under-fifteen population of approximately 7.9 billion 
person-years. All under-fifteen mortality rates in this 
collection were computed directly from observed 
deaths and population counts without adjustments. 
Table 1 summarizes the four sets of life tables that 
were used for this study. Table 2 provides the simple 
statistical result of 1q0 that was used for this study, 
where the minimum value is 2.27‰ for males in 
Luxembourg and 1.62‰ for females in Iceland 
across the 2005-2009 time period.  

The second and third data sources are the 
Chinese 2010 (the sixth) and 2000 census data (the 
fifth), which are published by Chinese Statistics Press. 
The 1q0 by sex from 31 provinces in the two censuses 
is presented in Table 3, which shows that the infant 
mortality rate for the entire country decreased from 
20.47‰ for males and 28.4‰ for females to 
approximately 4‰ for each sex during the decade. In 
the sixth census, most provinces have incredibly low 
values. For example, there are 7 areas where the 1q0 
for males is less than 2.5‰. In the Henan province, 
the 1q0 is only 1.16‰ for males and 1.14‰ for 
females, which is much less than the minimum rate 
in the HMD dataset.  

Methods 

There are many statistical models that can be 
used to estimate infant mortality rates, including the 
Heligman-Pollard and Weibull models[12] or the 
Lee-Carte and Renshaw-Haberman models[13-14]. 
However, there is no accepted, effective and reliable 
method that is used to estimate 1q0 in China because 
there is a lack of high quality data. The most 
commonly used method in China is implemented  
by the sampling strategy, in which the 1q0 is adjusted, 
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Table 1. A Summary of the Life Tables Used in this Study 

Country or Area Year(s) Number of Tables 
Under-fifteen Population (Millions of 
Person-Years) and its Proportion (%) 

Australia 1921-2009 18 89.75 (8.3) 

Austria 1947-2009 13 31.06 (6.5) 

Belgium 1841-2009 34 105.8 (8.5) 

Bulgaria 1947-2009 13 36.24 (7.0) 

Belarus 1960-2009 10 34.85 (7.3) 

Canada 1921-2009 18 147.00 (8.3) 

Switzerland 1876-2011 28 52.14 (7.8) 

Chile 1992-2004 3 16.75 (8.9) 

Czech Republic 1950-2011 13 42.54 (6.9) 

Germany 1956-2009 26 329.84 (5.6) 

Denmark 1835-2011 36 52.42 (8.9) 

Spain 1908-2009 21 264.87 (8.4) 

Estonia 1960-2009 10 4.72 (6.7) 

Finland 2005-2009 27 45.93 (9.2) 

France 1816-2009 78 1410.53 (8.7) 

Northern Ireland 1922-2009 18 11.57 (9.0) 

United Kingdom 1922-2009 18 338.88 (7.3) 

Scotland 1855-2009 31 67.72 (9.5) 

England and Wales 1841-2009 68 1109.44 (8.9) 

Hungary 1950-2009 12 41.39 (6.8) 

Ireland 1950-2009 12 18.35 (9.1) 

Iceland 1838-2009 35 2.39 (10.4) 

Israel 1983-2009 6 16.01 (10.4) 

Italy 1872-2009 28 534.95 (8.9) 

Japan 1947-2009 13 495.02 (7.2) 

Lithuania 1960-2009 10 12.30 (7.3) 

Luxembourg 1960-2009 10 1.23 (6.4) 

Latvia 1960-2009 10 7.84 (6.5) 

Netherlands 1850-2009 32 128.51 (9.3) 

Norway 1846-2009 33 43.69 (9.2) 

New Zealand 1901-2008 48 39.85 (9.2) 

Poland 1958-2009 11 141.58 (7.7) 

Portugal 1940-2009 14 52.96 (8.1) 

Russia 1960-2009 10 485.79 (7.0) 

Slovakia 1950-2009 12 23.80 (8.3) 

Slovenia 1983-2009 6 2.92 (5.4) 

Sweden 1751-2011 53 117.99 (9.3) 

Taiwan,China 1970-2009 8 65.93 (8.4) 

Ukraine 1960-2009 10 162.77 (6.7) 

USA 1933-2009 16 1310.44 (8.2) 

Total  872 7897.76 (8.1) 

Note. (1) Life tables by sex are only counted once, and under-age five populations contain both sexes. 
Throughout table 1, there is a maximum of one life table per country-period. (2) Data for Germany contain east 
Germany, west Germany and the total population after 1990. Data for France, England and Wales contain the 
civilian and total populations. Data for New Zealand refer to the non-Maori population and the full national 
population and Maori population after 1950. (3) All under-five mortality rates have been computed from 
directly observed deaths and population counts without adjustment. Source: Human Mortality Database, 
www.mortality.org (accessed: March 14, 2014). 
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(AREs) of the estimated 1q0 values with the AREs of 
the HMD dataset, which contains several different 
under-fifteen mortality patterns.  

The AREs between the predicted and observed 
values were calculated for every area included in the 
HMD dataset using the leave-one-out cross- 
validation method. That is, each country or area is 
deleted from the HMD dataset in turn, and the 
log-quadratic model that is fitted to the remaining 
dataset is used to predict the 1q0 value for the 
deleted area. Table 2 shows that the median of 1q0 is 
30.19‰ for males and 23.66‰ for females, which 
means that half of the tables have 1q0 values that are 
greater than approximately 30‰, which is 
inconsistent with the social development and 
economies in most developed and developing 
countries in 2010. Hence, we also considered the 
results from the different 1q0 levels. The resulting 
AREs for 1q0 are presented in Table 5 by sex, where 
the 1q0<1 means that all life tables from the HMD 
data ware used, while the 1q0≤0.03 means that only 
those life tables that satisfied 1q0≤0.03 were used 
instead of all the life tables. 

First, we found that Taiwan, China, whose ARE 
values for both sexes are outliers according to 
Grubb’s criteria (P-value<0.001 for both sexes), has 
poor infant mortality information quality, which has 
been validated by Chen LM et al.[16]. Second, 
Hungary, Japan and Poland have relatively larger ARE 
values for both cases. Norway has a maximum ARE 

for case 1q0<1 but only approximately 20% for case 
1q0≤0.03. Excluding Taiwan, China, the maximum 
AREs are approximately 54% for both sexes when 
1q0≤1, but approximately 31% for males and 37% for 
females when 1q0≤0.03. In addition, the average 
AREs for all countries, excluding Taiwan China, are 
21.6% for males and 20.9% for females when 1q0<1; 
and 19.1% for males and 19.7% for females when 
1q0≤0.03. 

We now use a log-quadratic model to fit the 
under-fifteen mortality data from the HMD and 
estimate the infant mortality rate from the fifth and 
sixth national censuses in China. The life tables from 
two different levels from the HMD are selected to 
train the log-quadratic model. Tables 6 for males and 
7 for females presents the resulting AREs, where 
level 1 reflects 1q0<1, i.e., all data are included. Level 
2 is more complex, as each province in China was 
estimated independently. In level 2, for each 
province, life tables from the HMD were selected 
when their 1q0s were less than this province’s 
reported 1q0+0.01 and more than its 1q0-0.01 to fit 
the model and estimate the provincial 1q0.  

For fifth census, we find that the AREs for the 
entire country, especially for level 2, are consistent 
with Table 5 for both levels and both sexes. Three 
provinces, Beijing, Tianjin and Shanghai, have 
apparently larger AREs, which appears to be 
abnormal. Moreover, there are more abnormal 
areas for males compared to females. It is concluded 

Table 4. Correlation Coefficients Between 1q0 and the Probabilities of Dying Age Intervals (1, x)  
in a Log-log Scale Calculated for Different Levels of 1q0 

Levels Age 1-5 Age 1-10 Age 1-15 Age 1-20 Age 1-25 Age 1-30 

Male       

1q0<1 0.9715 0.9716 0.9708 0.9611 0.9496 0.9411 

1q0≤0.010 0.7674 0.7891 0.8041 0.7796 0.7247 0.6854 

1q0≤0.015 0.8456 0.8582 0.8689 0.8439 0.7865 0.7322 

1q0≤0.020 0.8857 0.8956 0.9009 0.8783 0.8197 0.7616 

1q0≤0.025 0.9054 0.9131 0.9165 0.8908 0.8319 0.7710 

1q0≤0.030 0.9133 0.9191 0.9212 0.8923 0.8317 0.7697 

Female       

1q0<1 0.9748 0.9735 0.9720 0.9672 0.9646 0.9637 

1q0≤0.010 0.8165 0.8257 0.8364 0.8182 0.7857 0.7706 

1q0≤0.015 0.8851 0.8934 0.8977 0.8857 0.8632 0.8479 

1q0≤0.020 0.9005 0.9065 0.9099 0.8989 0.8788 0.8653 

1q0≤0.025 0.9124 0.9166 0.9182 0.9051 0.8862 0.8741 

1q0≤0.030 0.9185 0.9211 0.9216 0.9068 0.8876 0.8761 

Note. (1) The results are calculated from the HMD dataset. (2) The ‘1q0<1’ means that all life tables from 
the HMD were used to calculate the correlation coefficients. Similarly, the ‘1q0≤0.010’ means that the life tables 
that satisfied the condition ‘1q0≤0.010’ were used. 
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The Adjustment of 14q1 

There are two questions that must be answered 
about the provincial 14q1 adjustment. First, which 
province needs to be adjusted? Second, what 
methods can be used to adjust? We answer these 
two questions in this subsection. 

The mortality rate usually reflects social and 
economic development as well as the health services. 
When an area is socioeconomically developed, 
people's incomes are higher and the mortality level 
is lower. In contrast, public finance government 
expenditures on medical health rarely affects health 
and mortality risk, even with high investments. Thus, 
whether or not 14q1 is adjusted is based on the 
assumption that the 14q1 value is negatively 
interrelated to per capita GDP and total health 
expenditures. Table 8 lists the types of per capita 
GDP, total health expenditures (THE) and the 14q1 
values for 31 provinces in China in 2010, where the 
14q1 is ranked from low to high and the other two 
indices are ranked from high to low. There should be 
few differences between each 14q1 ranking and the 
other two rankings. In this study, 14q1 will not be 
adjusted if its ranking falls between the rankings of 
per capita GDP and THE. We are cautious to adjust 
based on this assumption (1). The data that are 
reported for 14q1 are also available for the difference 
between two rankings in the corresponding range; 
thus, we will not adjust the 14q1s if the rankings 
satisfy the following condition: 

min[rank (PGDP), rank (THE)]-2≤rank (14q1) ≤max 
[rank (PGDP), rank (THE)]+2                  (2) 

The results for adjustments by sex are presented 
in Table 9. There are 9 provinces that need to be 
adjusted: Shanxi, Jilin, Heilongjiang, Jiangsu, Zhejiang, 
Hubei, Guangdong, Hainan, and Gansu for males. For 
females, Gansu and Hainan do not need adjustments 
because the 1q0 does not need to be estimated. 
These results answer the first question. 

The second question is how to adjust the 
mortality rates. The Clark model life table[17], which 
is the latest life table system, will be used to adjust 
the 14q1 values based on the previous assumption (2). 
The Clark system outperforms existing model life 
table systems in estimating errors[17]. Its calculation 
procedure can be implemented with the ‘LifeTables’ 
package in R, which implements a HMD-calibrated 
model in the R statistical software package[18]. We do 
not use the Coale-Demeny [10] or UN model life tables 
for developing countries[19], which were the most 
widely used model life table systems for the past 

three decades because the Clark system can reflect 
contemporary mortality experiences, including 
extremely low mortality 1q0 levels. The Coale- 
Demeny and UN model life table systems, which 
were constructed using early data, do not contain 
the lower mortality levels’ model life tables or cover 
the entire range of epidemiological situations and 
trajectories between 1q0 and 14q1

[20]. 
There are five mortality patterns in the Clark 

system and each pattern contains some model life 
tables with different mortality levels. The detailed 
adjustment method for each province is as follows, 
with the Jilin province as an example. For each Clark 
system pattern, we find a model life table for the 
Jilin province life table, such that it has the minimum 
modeled and reported ARE values for the mortality 
rate among those aged 15-60. So there are 5 
different pattern’s model life tables we found for 
Jilin, but we do not have an accurate child mortality 
rate to discriminate the Jilin pattern[17]. The 14q1, 
which is closest to the reported value, is selected 
from these 5 different model life table patterns as 
the adjusted value for the Jilin province. The results 
are presented in Table 9 and include the reported 
and adjusted values as needed. 

Estimated 1q0 Results 

A log-quadratic model is applied to fit the HMD 
data, excluding Taiwan China, and estimates the 31 
provincial infant mortality rates by sex in China’s 
sixth national census. To acquire good estimations 
for each province, the method is similar to the 
previous level 2 that was used in Tables 6 and 7. For 
each province, those life tables whose 1q0 was less 
than the reported 1q0+0.015 and more than its 
1q0-0.005 are selected from the HMD as training data 
to fit the model and estimate the 1q0 according to 
the adjusted value of 14q1. This asymmetric choice of 
training data is due to the underestimated reporting 
levels of 1q0. 

The results are presented in Table 10. There are 
significant increases for each provincial estimated 1q0 
value compared to the reported value, especially for 
the Henan province, where the estimated value 
increases to almost 7 times for males and 5 times for 
females. The estimated 1q0 minimum is 5.0‰ for 
males and 3.2‰ for females in Beijing. The 
maximum is 27.1‰ for males and 29.4‰ for females 
in Tibet. The estimated average 1q0 value for the 31 
provinces is 12.3‰ for males and 10.7‰ for females, 
which is more than 2 times larger than the reported 
average values for both sexes and is slightly below 
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To estimate each province’s actual infant 
mortality rates in China’s 2010 sixth census, we 
make simple adjustments to the 14q1. By comparing 
31 provincial rankings on three indices: 14q1, per 
capita GDP and total health expenditures, we 
determine which provinces need adjustments. 
Moreover, we use the Clark model life table system 
to adjust 14q1. Finally, the actual infant mortality 
levels for each province were estimated using the 
log-quadratic model and adjusted 14q1. The results 
show that the actual infant mortality level for each 
province is significantly increased compared to the 
reported levels. We found that the average 1q0 for 
31 provinces is 12.3‰ for males and 10.7‰ for 
females. 

However, the actual level estimates are based 
on the assumptions that the Chinese sixth census 
data for individuals aged 1-60 is relatively accurate 
and reliable. In contrast, we use the HMD data to 
train the log-quadratic model and estimate the 
infant mortality rate in China’s census. The HMD 
dataset mainly reflects OECD historical and 
contemporary experiences, even though the AREs 
perform well when applied to the fifth census. There 
is a need for a systematic evaluation and the 
application of other methods for the 1q0 in China’s 
sixth census.  

Note. The fifth and sixth national censuses in 
China mentioned above exclude the data of Hong 
Kong SAR, Macao SAR, and Taiwan. 
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