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                    Abstract
China’s sex ratio at birth (SRB) has drawn much attention, but contributions of individual provinces to the high national SRB have been neglected in the literature despite marked regional differences across the country. Using data from China’s censuses and inter-census surveys since 2000, we devised a decomposition method and examined the changes in provincial composition of births (PCB), parity composition by province (PCP), and male proportion by parity (MPP) and their contributions to the change in national SRB. We found that the national SRB change was most heavily influenced by the change in PCP and MPP, whereas at the provincial level the magnitude of PCB contribution was much larger than those of PCP and MPP. Due to the marked difference in SRB by parity, the decline in the proportion of first births and an increase in the proportion of higher-order births increased the national SRB. The consistent decline in the proportion of males in second and above parity births lowered national SRB, while the male proportion of first-parity births increased national SRB. Different provinces contributed to the change in national SRB at different levels of magnitude, and the above three factors exhibited regional differences.
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                    Notes
	Sex ratio at birth refers to the ratio of live male births to live female births, usually calculated by the number of boys relative to 100 girls. The normal value of SRB ranges from 102 to 107 (United Nations 1955).


	Bare branch villages refer to villages where there are many “bare branches” who are over a certain age and cannot get married, and thus are forced to stay single (Jiang and Sánchez-Barricarte 2013).
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Appendices
Appendix 1
Let R and r represent two proportions. R = ABC, r = abc, then R - r can be expressed as:
$$ {\displaystyle \begin{array}{l}R-r\\ {}= ABC- abc\\ {}=\left(A-a\right) BC+ aBC- abc\\ {}=\left(A-a\right) BC+\left(B-b\right) aC+ abC- abc\\ {}=\left(A-a\right) BC+\left(B-b\right) aC+\left(C-c\right) ab\end{array}} $$

                    (8)
                

Or
$$ {\displaystyle \begin{array}{l}R-r\\ {}= ABC- abc\\ {}= ABC+\left(A-a\right) bc- Abc\\ {}= ABC+\left(A-a\right) bc+\left(B-b\right) Ac- ABc\\ {}=\left(A-a\right) bc+\left(B-b\right) Ac+\left(C-c\right) AB\end{array}} $$

                    (9)
                

So,
$$ {\displaystyle \begin{array}{l}R-r=\frac{(8)+(9)}{2}\\ {}\kern1.44em =\left(A-a\right)\times \frac{BC+ bc}{2}+\left(B-b\right)\times \frac{Ac+ aC}{2}+\left(C-c\right)\times \frac{AB+ ab}{2}\end{array}} $$

                    (10)
                

Based on the expressions (8), (9) and (10), the male proportion can be expressed as follows:
$$ {\displaystyle \begin{array}{l} MP\left(t+h\right)- MP(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)-\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)+\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)\\ {}-\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)+\sum \limits_i^{31}\sum \limits_j^3\left({P}_{ij}\left(t+h\right)-{P}_{ij}(t)\right)\times {Q}_i(t)\times M{P}_{ij}\left(t+h\right)\\ {}+\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}\left(t+h\right)-\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left({P}_{ij}\left(t+h\right)-{P}_{ij}(t)\right)\times {Q}_i(t)\times M{P}_{ij}\left(t+h\right)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left(M{P}_{ij}\left(t+h\right)-M{P}_{ij}(t)\right)\times {Q}_i(t)\times {P}_{ij}(t)\end{array}} $$

                    (11)
                

Or
$$ {\displaystyle \begin{array}{l} MP\left(t+h\right)- MP(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)-\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}(t)\times M{P}_{ij}(t)-\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}(t)\times M{P}_{ij}(t)+\sum \limits_i^{31}\sum \limits_j^3\left({P}_{ij}\left(t+h\right)-{P}_{ij}(t)\right)\times {Q}_i\left(t+h\right)\times M{P}_{ij}(t)\\ {}-\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3\left({Q}_i\left(t+h\right)-{Q}_i(t)\right)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left({P}_{ij}\left(t+h\right)-{P}_{ij}(t)\right)\times {Q}_i\left(t+h\right)\times M{P}_{ij}(t)\\ {}+\sum \limits_i^{31}\sum \limits_j^3\left(M{P}_{ij}\left(t+h\right)-M{P}_{ij}(t)\right)\times {Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\end{array}} $$

                    (12)
                

So,
$$ {\displaystyle \begin{array}{l} MP\left(t+h\right)- MP(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3{Q}_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)-\sum \limits_i^{31}\sum \limits_j^3{Q}_i(t)\times {P}_{ij}(t)\times M{P}_{ij}(t)\\ {}=\sum \limits_i^{31}\sum \limits_j^3\varDelta {Q}_i\times \frac{P_{ij}\left(t+h\right)\times M{P}_{ij}\left(t+h\right)+{P}_{ij}(t)\times M{P}_{ij}(t)}{2}\\ {}+\sum \limits_i^{31}\sum \limits_j^3\varDelta {P}_{ij}\times \frac{Q_i\left(t+h\right)\times M{P}_{ij}(t)+{Q}_i(t)\times M{P}_{ij}\left(t+h\right)}{2}\\ {}+\sum \limits_i^{31}\sum \limits_j^3\varDelta M{P}_{ij}\times \frac{Q_i\left(t+h\right)\times {P}_{ij}\left(t+h\right)+{Q}_i(t)\times {P}_{ij}(t)}{2}\end{array}} $$

                    (13)
                

In Eq. (13), △X represents X(t + h) – X(t).
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                  Table 6 SRB by provinceFull size table


                
                  Table 7 Decomposition results of change in national SRB between 2000 and 2005Full size table


                
                  Table 8 Decomposition results of change in national SRB between 2005 and 2010Full size table


                
                  Table 9 Decomposition results of change in national SRB between 2010 and 2015Full size table
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