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Beware of Forecast Errors of the Permanent Population Birth
Rate by Using Unapplicable Mathematical Methods
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Abstract. Better forecasting methods were proposed through examining the prediction results of
the birth rate of permanent population in Shanghai by 2050. A method of higher reliability was
presented by adopting the power function fitting and the corresponding forecasting method is of the
least error by comparing with the population birth rate data obtained by the linear regression model
and ten kinds of curve regression models. It is found that the average prediction accuracy can be
improved by re-forecasting combined with reducing the data scope and using a population prediction
software. It is shown that there is a significant limitation to the prediction of permanent population
birth rate by using mathematical methods,and it is not suitable for many cases, especially for the
prediction of long-term birth rate. In the light of the demography method, recurring to the rule of

population development itself can improve the prediction accuracy greatly.
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Tab.1 Birth rate in the city of Shanghai

A AR /%o Ay AR /%o Ay AR/ %o 4y HAEAR /%o
1952 39.1 1967 12.5 1982 18.5 1997 4.92
1953 43.1 1968 14.9 1983 15.4 1998 4.73
1954 52.7 1969 14.8 1984 13.7 1999 5.01
1955 42.3 1970 13.9 1985 12,7 2000 5.27
1956 39.5 1971 1%, 2 1986 14.5 2001 4.34
1957 46.0 1972 10.8 1987 I583 2002 4.66
1958 37.9 1973 10.2 1988 13.2 2003 4.28
1959 31.6 1974 9.2 1989 1%, 8 2004 6.0
1960 27.7 1975 9.4 1990 10.25 2005 6.08
1961 22.4 1976 10.2 1991 7.8 2006 5.95
1962 26.1 1977 10.8 1992 (3] 2007 7.34
1963 30.3 1978 11.3 1993 6.5 2008 6.98
1964 20.6 1979 12.3 1994 5.9 2009 6.62
1965 17.0 1980 11.8 1995 5.47 2010 7.13
1966 14.5 1981 16.8 1996 5.21 2011 7.17
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Tab.2 Comparison of the age structures between the registered

resident permanent population in Shanghai and the
permenant population coming from other provinces

and cities according to the sixth national census

SMETHFE AT PR
5 - X
ACB/A TEHE/% KOB/N  BHE/%
0~14 % 765 938 8.53 1216 921 8.67
15~49 % 7 477 607 83.30 6 562 943 46.74
50 & L) I 733 455 8.17 6 262 332 44.60
BT 8 977 000 100 14 042 196 100
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Tab.3 Forecast errors of the calculated birth
rate and the calculated number of births

according to the permanent population

. BTy
AN gy % MR HEGHEW
wpy gorh BER mwim Jork B
(a) % /%0(c)  (d=ac) (e=7><100)
2012 2363.95 22.61 3.30 7.80 34.50
2013 2397.79 19.62 1.99 4.77 24.32
2014 2 420.42  20.20 2.23 5.40 26.72
2015 2420.48 18.19 1.46 3.53 19.43
2016 2417.49 21.84 3.004 7.26 33.25
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H13% 4 m] DL IR RN AR TR, SR 2 ]
8 1 AR RPN ER 22 AN /N B a5 AR SEBR R N T
Hh A 2B 5 TN B 2 25 0 1. 2%0~ %0 T i

ZERTX N AR NBOA 1. 70~4.32 T3 N A N8R
TR 22 R A H 16.27 % » Fe ik 33.40% .

F4 KBPEAOORTENHEERFN
RERHEANBTIRER
Tab.4 Forecast errors of the calculated birth
rate and the calculated number of births

according to the registered population

e VA
g mmp HE NI
BRI KBNS

FERAE AR
iy BN A

(a) (b)  2/%(c) (d=ac) (TXIOO)
2012 1423.15 12.11 2.25 3.20 26.44
2013 1426.04 10.52 1.20 1.71 16.27
2014 1427.20 11.90 2.22 3.17 26.63
2015 1431.44 10.38 1.19 1.70 16.41
2016 1436.56 12.92 3.004 4.32 33.40
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Tab.5 Prediction errors of the ten curve regression prediction methods and the linear model %o
Sy SEbRfE AR Z I 2E K % ROEAe
2012 8.51 -10.21 1.45 -4.36 —4.36 —4.94
2013 7.39 -9.65 3.16 -3.38 -3.38 -4.01
2014 8.34 -11.16 2.83 —4.47 —4.47 -5.16
2015 7.25 -10.63 4.58 -3.51 =351 —4.26
2016 9.00 -12.94 3.53 -5.39 -5.39 -6.20
iR 10.91 3.11 4.22 4.22 4.91
My S TR S A ik 1O pLY i B FERREL
2012 -5.93 1.64 —4.36 3.45 —4.36 -2.25
2013 -5.67 2.75 -3.38 4.55 -3.38 -1.20
2014 -7.57 1.79 —4.47 3.59 —4.47 —-2.22
2015 -7.51 2.88 = &o &l 4.66 = &o &l -1.19
2016 -10.37 1.12 -5.39 2.90 -5.39 -3.00
-2 22 7.41 2.04 4.22 3.83 4.22 1.97
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Tab.6 Prediction errors of the curve regression method and the linear model based on the birth rate data from 1978 to 2011 %.

0y S PrfE LAERER IR 24 B PREL X%
2012 8.51 -5.24 -5.24 -4.08 -4.08 -2.93
2013 7.39 —4.44 —4.44 -3.11 -3.11 -1.90
2014 8.34 -5.71 -5.71 -4.21 -4.21 -2.95
2015 7.25 -4.95 -4.95 -3.26 -3.26 -1.95
2016 9.00 -7.02 -7.02 -5.14 -5.14 -3.79
iR 5.47 5.47 3.96 3.96 2.71
A0y SETTHERY S A RG] R i JE PR
2012 2.83 -1.22 -4.08 -0.47 -4.08 -2.89
2013 5.85 -0.10 =&, 1l 0.65 -3.11 -1.83
2014 7.07 -1.06 -4.21 =0, &1 -4.21 -2.84
2015 10.59 0.03 -3.26 0.77 -3.26 -1.81
2016 11.57 -1.73 -5.14 -0.98 -5.14 -3.61
iR 2 7.58 0.83 3.96 0.64 3.96 2.60

H1 2 6 W] UL, T 19782011 4F % H A AL
I WAEIY ]S 73k S S AT L B4R PN R 2E (L
H 0.64%0~0. 83%c. Mi# 7 H, FeF 2000—2011 4F
AT S A R A 7 oy 2 [ R N ik A A T
MERZEBINT 1%0. %5 1& 2] bW 25 N 1 it
TR » R TN B At 50 Y1 L > R ) 005 D R

A5 IR S AR SE P E Z 1A ) 22 (H 2 A B4 /).
AU SRR AR T LP- AR n AR R AR 0y i
[ 25 3 o I RS BT ey T o G5 R S5 0 A S B
PO, P HURIE(ELIROR 5 AR 14707y L IsF ] 5 R
/NSRBI VR O T A » HoP SR 22 (LR /)
F8H LTI, ¢y EIET 19782011 44



44 TR 22 R

2018 4F 5f 40 %

3 R AR 7 1 BEAT UG 5 2 B U A 25 2R 5
KPRAED P REAN A AR Z 22 dy SRR R
0 ER A B ARSI 25 €0 ST ik
AR BT R 2 AR R B e 2R T 2000

2011 50 » R F R Ry R AT 5 15 21 1Y
P25 RS PR RN I AR Z 22 d, 2
P T B T A= RS 2 AR S PR A N2
ZE s ex TZITIE T A NI R 2256

T OET 2000—2011 £ H 4 FREIRAY o 2 BTN L L R B TNIR 2

Tab.7 Prediction errors of the curve regression method and the linear model based on the birth rate data from 2000 to 2011
A SEBR{E AR ZRI 2a A R ROEAe
2012 8.51 -0.77 -0.77 -0.54 -0.54 -1.48
2013 7.39 0.62 0.62 0.96 0.96 -0.27
2014 8.34 -0.06 -0.06 0.40 0.40 -1.14
2015 7.25 1.30 1.30 1.91 1.91 0.02
2016 9.00 -0.18 -0.18 0.60 0.60 -1.65

VIR = 0.59 0.59 0.88 0.88 0.91
SEfy ST S f5ER Rl i btk =35 ] T R
2012 -2.30 -2.17 -0.54 -2.09 -0.54 —-1.46
2013 -2.25 -1.03 0.96 -0.95 0.96 -0.23
2014 —4.75 -1.97 0.40 -1.89 0.40 -1.08
2015 -5.73 -0.87 1.91 -0.79 1.91 0.10
2016 -10.15 -2.61 0.60 853 0.60 -1.56

FryiRzE 5.04 1.73 0.88 1.65 0.88 0.89
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Tab.8 Forecast errors of the calculated birth rate and the calculated number of births according to the registered
population based on the data from 1978 to 2011 and from 2000 to 2011

N T . » \‘Tll 15 2 2% /g
) . 2 B2 A/ 7 R

o e YNE v SEPRE/ 1R /%o (¢) (d = ac/1000) (e =100

T A (a) PNE))

C1 C2 d ds €1 €2

2012 1423.15 12.11 -0.47 -0.77 0.67 1.10 5.52 9.05
2013 1426.04 10.52 0.65 0.62 0.93 0.88 8.81 8.40
2014 1427.20 11.90 -0.31 -0.06 0.44 0.09 3.72 0.72
2015 1431.44 10.38 0.77 1.30 1.10 1.86 10.62 17.93
2016 1436.56 12.92 -0.98 -0.18 1.41 0.26 10.90 2.00
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Tab.9 Comparison between the actual value and the

predicted value of the birth rate in Shanghai

Ay HAERSCPRE A Padis-int B0 {E B2z
2011 6.97 9.66 2.69
2012 9.56 9.63 0.07
2013 8.18 9.68 1.5
2014 8.35 9.66 1.31
2015 7.52 9.58 2.06
2016 9.00 9.40 0.40
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