Estimating Pattern of U.S. Mortality Improvement over Age and Time
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W Methods: Iterated Kernel Smoother, Tensor product spline, Thin plate spline, P-spline
Improvement over age and time for the lterated Kernel Smoother, isotropic Epanechnikov 3x3 kernel
U N |ted Sta‘te S unsmoothed # of iterations: 1 # of iterations: 13 (min CV) # of iterations: 100 | # of iterations: 1000 # of iterations: 1000
\_ ) .E'}“ 90 . I !l!, " J ! 0.05 (5%) 90 r 90 - 0.05 (5%) 90 - : 90 Variance of the smoothed surface Mean value of
'i il 80 gl k& o i _ 0.04 (4%) 80 - 80 - 0.04 (4%) 80 . 80 0.0025 < | \Variance of unsmoothed rates of | smoothed rates
L 0 el . : Egz i:; 70 1 70 Ezz i:; 70 : 70 0.0020 P mortality improvement — _of mortality |
U.S. death rates, Females, 1933-2014 I %0 ot B o ot B g Jopingy Yo Foos 1 itemn waionsi o || TPOVOMENtES
40 - 0.00 (0%) 40 40 0.00 (0%) ‘0 _ ‘0 ‘;U 0.0010 unsmoothed variance constant at 1. .
30 0.01 (-1% 30 30 -0.01 (1% 30 -0.01 (- 30 0.0005 - Mean value of
a . .
h 20 0.02 (-2% 20 20 -0.02 (-2% 20 -0.02 (- 20 0.0000 : : : . residuals is
10 i 0.03 (-3% 10 10 -0.03 (-3% 10 003 (- 10 0 5 10 15 20 Zero.
= b 19331940 1950 1960 1970 1980 1990 2000 EDI14 I3193:‘:1194[] 1950 1960 1970 198099{1 2000 2014 I3193:‘:1194[] 1950 1960 1970 1980 1990 2000 2014 I3193:‘:1194[] 1950 1960 1970 1980 1990 2000 2014 019331940 1950 1960 1970 1980 1990 2000 2014 019331940 1950 1960 1970 1980 1990 2000 2014 # of teration
- Year Year Year Year Year Year
= Estimated surfaces of mortality improvement with default smoothing parameters
E _ _ _ _ Variance of direct and smoothed estimates
5 6 Tensor product spline Thin plate spline P-spline By method and sex
i 101 . 101 -
= 90 20 F 0.05 (5%} Direct (unsmoothed)
| 80 80 0.04 (4%
- Iterated Kernel Smoother
-10 ) 70 - 70 ’ 0.03 (3%)
1900 o _ &0 4 ) - 0.02 (2%) Tensor roduct spline B Females ® Males
2000 _ _ ﬂ_ﬁﬂ - . = s e - 50 ..:E[:_‘j 50 0.01 (1% Thin plate spline
Vear 2050 20 40 40 40 - 0.00 (0%) P-spline
Age 30 30 0.01 (-1% |
0.0000 0.0010 0.0020 0.0030
20 20 -0.02 (-2% Variance
. . . . 10 10 0.03 (-3%
Direct estimates of rates of mortality improvement ) ) ) _
19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 ConCIUSIOnS (MethOdS)
l my Jt+1 Year Year Year Year
'r' e n . ..
xt m Var = 3.79E-04 (19%) Iter. = 4 (min of CV) Var = 8.20E-04 (40%) Var = 2.3E-04 (11 %) Var = 4.8E-04 (21%) The results are similar among the methods
X,t provided that their degrees of smoothing are
are noisy_ This is a 3D plot of rxt: o lterated Kernel Smoother o Thin plate Spllne o P-Spllne similar;
- L, o L | s «  Selection of the method is less important than the
90 20 20 0.05(5%) 90 degree of smoothing;
80 - : 80 80 0.04 (4%) 80 _ o
w70 — — 0.03 (3%) — » Exploration of surface of mortality improvement
0.2 O 0 o - 002(2%) 60 highly benefits from by computing estimates at
0.1 o % 50 % 50 % 50 - 0.01 (1%) % 50 f:ilfferent .degrees of.smoothlng and exploring them
= in a movie-like fashion;
O o 40 - 40 - 0.00 (0%) 40
LL 30 30 30 0.01(-1% 30 « Estimates of surfaces of mortality improvement
01 ,‘ 20 20 20 0.02(-2% 20 with default parameters produced by lterated
0.2 10 10 10 0.03 (3% 10 Kernel Smoother, Thin Plate Spline, and P-spline
0 0 0 0 , appear to be smoothed yet revealing. P-spline
0'03> 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 produced less smooth estimates with variance of
Year Year Year Year about 20% (as compared with variance of the
Var = 2.94E-04 (13%) Iter. = 13 (min of CV) Var = 7.47E-04 (32%) Var = 3.0E-04 (13%) Var = 4.2E-04 (18%) direct estimates) than Iterated Kernel Smoother
_ _ _ ] and Thin Plate Spline (13%). Estimates produced
1920 Final estimates produced by Iterated Kernel Smoother with variance of the smoothed by Tensor Product Spline with default parameters
A 2000 1980 . . . - are clearly undersmoothed (35%);
° T oo Year surfaces 13% as compared with variance of the direct estimates Y unders (35%)
9 . . f I d 1 3 f f I « Estimates with variance of about 10-15% (as
And this | | exi f _ ( Iteration Tor ma es, an or rema eS) compared with variance of the direct estimates)
N IS IS a LexXIS map O rXT' ] _ appear to be a good balance between smoothness
o P ' United States, Males United States, Females and approximation.
90 : =l - -8 0.05 (5%) . 101 - ‘
S "5 . .
) 3 %r | =] 0.05 (5%) % 0.05 (5%) Conclusions (Estimates)
g e o TR |
o ::_' ik - P 0.04 (4%) 80 0.04 (4%)
- -:'_",- =l - 0.03 (3%) 20 0.03 (3%) * The estimates reveal age shifting pattern of US mortality
. I e e e decline—if before the 1950s mortality was declining
2 50 'IIE = T T 0.01 (1%) 0.02 (2%) 60 | 0.02 (2%) _
b s S o faster at younger ages, now the fastest declines occur at
4 - i e a 0.0 (0%) 0.01 (1%) O 50 0.01 (1%) ,
M o = < ages above 60;
30 e . = -0.01 (-1%) o o .
oy - ] 0.00 (0%) 40 0.00 (0%) * The estimates also clearly reveal two recent adverse
20 i - RS, - -0.02 (-2%)
e - | -0.01 (-1%) 30 -0.01 (-1%) developments—increasing mortality among young adults
10 P -0.03 (-3%) . . . . .
- 0.02 (-2%) 20 0.02 (-2%) in the mid-30s and adults in the mid-50s. If the former is
“lo3s 140 fes0 1o 1970 om0 fe%0 2000 0.03 (3% - 0.03 (-3%) a new phenomenon, the increases among 50 years old
Year Y- ~D /0 Y- ~D /0 . e . .
could be a cohort effect originated in the mid-1980s, at
I I . 0 . .
Direct estimates reveal only: 19331940 1950 1960 1970 1980 1990 2000 2014 19331940 1950 1960 1970 1980 1990 2000 2014 onset of HIV/AIDS epidemics.
* Remarkable mortality progress at child and adult ages in the Year Year
period from 1933 to about mid-1950s, 3% for males and 5% for
females, on average annually (| 1)
. : 0 : : . : : . . : : : : ) :
fg;ggfggf;inﬂefgé%d( 5 r)tallty of the cohorts born around Acknowledgments: Financial support for attending the 2018 PAA meeting was provided by Population Division, DESA, United Nations. Mortality data for United States are from www.mortalitytrends.org. Tensor product spline
) : . : ® o . . .
+ ltis not clear if these cohort effects are genuine or just an and Thin plate spline are available in Matlab ®, MathWorks Inc. P-spline smoother is implemented in MortalitySmooth R package by C. Camarda.
artifact of data imperfections (| 3 |)



http://www.megaprint.com/
http://www.kirillandreev.com/
http://www.mortalitytrends.org/



