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The Adjustment of 149,

There are two questions that must be answered
about the provincial 140, 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 140; is adjusted is based on the
assumption that the 140; 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 140;
values for 31 provinces in China in 2010, where the
140, is ranked from low to high and the other two
indices are ranked from high to low. There should be
few differences between each 140; ranking and the
other two rankings. In this study, 14q; 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 140, are also available for the difference
between two rankings in the corresponding range;
thus, we will not adjust the 14q;s if the rankings
satisfy the following condition:

min[rank (PGDP), rank (THE)]-2<rank (14g:) <Smax
[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 ;g9 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™, which
is the latest life table system, will be used to adjust
the 140, values based on the previous assumption (2).
The Clark system outperforms existing model life
table systems in estimating errors™. Its calculation
procedure can be implemented with the ‘LifeTables’
package in R, which implements a HMD-calibrated
model in the R statistical software package[m]. We do
not use the Coale-Demeny 1% 5r UN model life tables
for developing countries™, 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 ;g0 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 ;g and 14q1[2°].

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 lJilin 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 lJilin patternm]. The 1491,
which is closest to the reported value, is selected
from these 5 different model life table patterns as
the adjusted value for the lilin province. The results
are presented in Table 9 and include the reported
and adjusted values as needed.

Estimated ;q, 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 1q9 was less
than the reported 1q,+0.015 and more than its
100-0.005 are selected from the HMD as training data
to fit the model and estimate the ;qo according to
the adjusted value of 14q;. This asymmetric choice of
training data is due to the underestimated reporting
levels of 1qo.

The results are presented in Table 10. There are
significant increases for each provincial estimated ;g
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 ;9o minimum is 5.0%. for
males and 3.2%o. for females in Beijing. The
maximum is 27.1%. for males and 29.4%. for females
in Tibet. The estimated average ;qo value for the 31
provinces is 12.3%o 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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the levels for the entire country that were
announced by the national health and family
planning commission in 2010.

DISCUSSIONS

This paper used log-quadratic models to assess
the under-fifteen mortality rate data quality from
China’s 2010 sixth census. The 140; is selected to
model the relation to 1q0 by comparing correlation
coefficients from the Human Mortality Database.
Different HMD infant mortality levels are used to

train the log-quadratic models and estimate the 1qo
for China’s fifth and sixth censuses. We found that
the AREs for 1o in the 2000 fifth census performs
well, which is consistent with the overall reliable
data. We also found that the 2010 sixth census
performs worse compared to the fifth census for
almost all provinces; this finding suggests that there
is a serious data quality problem. In addition, we
confirmed that Taiwan, China has poor infant
mortality information available in the HMD by using
the leave-one-out cross-validation method at
different 1q, levels and comparing their AREs.

Table 8. The Index Rankings and Results for Adjusting the 140,

Area or Province PGDP THE Male Female
1401 Adjust 1401 Adjust
Beijing 2 8 1 F 1 F
Tianjin 3 24 2 F 2 F
Hebei 12 7 13 F 9 F
Shanxi 18 19 11 T 12 T
Inner Mongolia 6 22 7 F 10 F
Liaoning 8 11 9 F F
Jilin 11 18 3 T T
Heilongjiang 16 14 4 T T
Shanghai 1 10 5 F F
Jiangsu 4 3 14 T 11 T
Zhejiang 5 4 18 T 17 T
Anhui 26 13 16 F 14 F
Fujian 10 17 10 F 15 F
Jiangxi 24 21 22 F 23 F
Shandong 9 2 6 F 6 F
Henan 21 5 8 F 5 F
Hubei 13 12 17 T 16 T
Hunan 20 9 21 F 21 F
Guangdong 7 1 12 T 13 T
Guangxi 27 15 19 F 20 F
Hainan 23 28 20 T 19 F
Chongqing 14 23 24 F 22 F
Sichuan 25 6 25 F 24 F
Guizhou 31 25 28 F 28 F
Yunnan 28 16 29 F 29 F
Tibet 29 31 30 F 30 F
Shaanxi 15 20 15 F 18 F
Gansu 30 27 23 T 25 T
Qinghai 22 30 31 F 31 F
Ningxia 17 29 26 F 26 F
Xinjiang 19 26 27 F 27 F

Note. Source: Chinese Statistical Yearbook 2011; Chinese Health Statistics Yearbook 2011; Research
Report of Chinese total health expenses 2011. T indicates a need for adjustment; F indicates no adjustments

are needed.
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Table 9. Comparisons for Reported and Adjusted 140, by Sex

. Male Female
Area or Province

Reported Adjusted Reported Adjusted
Beijing 0.00253 0.00253 0.00162 0.00162
Tianjin 0.00271 0.00271 0.00177 0.00177
Hebei 0.00463 0.00463 0.00302 0.00302
Shanxi 0.00454 0.00408 0.00321 0.00304
Inner Mongolia 0.00412 0.00412 0.00304 0.00304
Liaoning 0.00438 0.00438 0.00284 0.00284
Jilin 0.00318 0.00322 0.00237 0.00229
Heilongjiang 0.00323 0.00399 0.00244 0.00223
Shanghai 0.00357 0.00357 0.00272 0.00272
Jiangsu 0.00465 0.00380 0.00304 0.00313
Zhejiang 0.00597 0.00350 0.00430 0.0029
Anhui 0.00543 0.00543 0.00337 0.00337
Fujian 0.00450 0.00450 0.00338 0.00338
Jiangxi 0.00752 0.00752 0.00547 0.00547
Shandong 0.00382 0.00382 0.00253 0.00253
Henan 0.00418 0.00418 0.00251 0.00251
Hubei 0.00564 0.00443 0.00390 0.0037
Hunan 0.00715 0.00715 0.00491 0.00491
Guangdong 0.00457 0.00418 0.00336 0.00279
Guangxi 0.00633 0.00633 0.00453 0.00453
Hainan 0.00651 0.00451 0.00437 0.00437
Chongging 0.00813 0.00813 0.00536 0.00536
Sichuan 0.00955 0.00955 0.00688 0.00688
Guizhou 0.01241 0.01241 0.00909 0.00909
Yunnan 0.01508 0.01508 0.01174 0.01174
Tibet 0.01962 0.01962 0.01977 0.01977
Shaanxi 0.00533 0.00533 0.00437 0.00437
Gansu 0.00802 0.00695 0.00741 0.00677
Qinghai 0.02594 0.02594 0.02252 0.02252
Ningxia 0.01155 0.01155 0.00830 0.00830
Xinjiang 0.01184 0.01184 0.00879 0.00879

Table 10. Comparisons for Reported and Estimated ;qo by Sex (%o)

. Male Female
Area or Province Reported Estimated Reported Estimated

Beijing 1.3 5.0 1.3 3.2
Tianjin 1.8 5.4 1.2 3.6
Hebei 2.9 9.2 2.6 6.7
Shanxi 43 8.2 4.6 6.8
Inner Mongolia 4.9 8.4 3.7 6.8
Liaoning 3.1 8.7 2.3 6.3
Jilin 1.8 6.4 1.5 4.9
Heilongjiang 1.8 8.0 13 4.7
Shanghai 3.7 7.2 2.6 6.0
Jiangsu 2.3 7.6 2.0 7.0
Zhejiang 43 7.1 4.0 6.4
Anhui 4.8 10.9 4.9 7.6
Fujian 35 8.9 3.8 7.6
Jiangxi 39 13.9 4.8 123
Shandong 2.1 7.6 2.1 5.5
Henan 1.2 8.3 11 5.4
Hubei 3.6 8.8 37 8.3
Hunan 2.6 131 2.6 10.8
Guangdong 2.9 8.3 3.2 6.2
Guangxi 39 12.1 4.1 10.2
Hainan 5.5 9.2 7.3 -

Chongqing 4.0 14.8 3.6 11.8
Sichuan 39 16.5 3.6 145
Guizhou 14.6 23.2 17.6 -

Yunnan 143 25.3 15.8 23.4
Tibet 13.7 27.1 13.7 29.4
Shaanxi 2.1 10.3 2.1 9.7
Gansu 7.5 13.8 9.3 15.6
Qinghai 12.7 24.4 11.6 28.3
Ningxia 11.5 21.4 104 18.5
Xinjiang 9.0 21.6 7.6 19.0

Average 5.1 12.3 5.2 10.7
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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 14q;. By comparing
31 provincial rankings on three indices: 1491, per
capita GDP and total health expenditures, we
determine which provinces need adjustments.
Moreover, we use the Clark model life table system
to adjust 140;. Finally, the actual infant mortality
levels for each province were estimated using the
log-quadratic model and adjusted 14q:. 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 1q, for
31 provinces is 12.3%o0 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 1qy 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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