
Objectives
• Compare the performance of the modified Lee-Carter (LC) 
method and the pattern of mortality decline (PMD) method in 
projecting age-sex-specific mortality for 155 countries

• Provide a rationale for the choice of methods to project age-
specific death rates for different groups of countries in the 
World Population Prospects (WPP). 
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Methods
1. Pattern of mortality decline (PMD)

ln𝑚𝑚𝑚𝑚 𝑡𝑡2 = ln𝑚𝑚𝑥𝑥 𝑡𝑡1 − 𝑘𝑘(𝑡𝑡12)𝜌𝜌𝑥𝑥(𝑡𝑡12)
• 𝒎𝒎𝒙𝒙(t1)  and 𝒎𝒎𝒙𝒙(t2):  age-specific death rate at age x at 

time t1 and t2, corresponding to life expectancy at birth 
e0(t1) and e0(t1).

• 𝝆𝝆𝒙𝒙 𝒕𝒕𝟏𝟏𝟏𝟏 : age-specific pattern of mortality decline from 
time t1 to time t2, ∑𝜌𝜌𝑥𝑥 𝑡𝑡12 = 1.

• 𝒌𝒌(𝒕𝒕𝟏𝟏𝟏𝟏):  is a parameter governing the level of mortality 
decline over the time.

-- Andreev, Gu, and Gerland (2013) 

Conclusions
• MLC3  produced fewer sex crossovers, but more jumps. 

• MLC1 produced fewer jumps yet more sex crossovers.

• MLC works quite well for HMDa countries.

• Sex crossovers by PMD-unadj could be avoided by 
adjusting sex ratio in mx.

• PMD is preferred for HMDb and non-HMD countries.

Figure 1.    Illustration of sex crossovers in mx (left) and jumps in mx over time (right) Figure 3.  Comparisons between occurrence rate of sex 
crossovers and males' occurrence rate of

jumps in mx by projection method and country group

2. Lee-Carter (LC) model and its variants
ln𝑚𝑚𝑥𝑥 𝑡𝑡 = 𝑎𝑎𝑥𝑥 + 𝑏𝑏𝑥𝑥𝑘𝑘(𝑡𝑡) + 𝜀𝜀𝑥𝑥(𝑡𝑡) ~ 𝑁𝑁(0,𝜎𝜎𝑥𝑥2)

• mx(t):  age-specific death rate at age x at time t.
• 𝒂𝒂𝒙𝒙: baseline age pattern of mortality.
• 𝒃𝒃𝒙𝒙: average rate of change in age-specific death 

rate for a unit change in 𝑘𝑘(𝑡𝑡), ∑𝑏𝑏𝑥𝑥 = 1.
• 𝒌𝒌(𝒕𝒕): index of the overall level of mortality at time t, 

∑𝑡𝑡=1𝑇𝑇 𝑘𝑘(𝑡𝑡) = 0. (T, # of empirical data points)

-- Lee and Carter (1992); Ševčíková et al.( 2016).

2.1 Modified LC (MLC)
• Gender coherent [bx(males)= bx(females)]
• Shift in age pattern in mortality improvement

[from young to older ages]
-- Li and Lee (2005); Li, Lee, and Gerland (2013) 

• Three variants of age pattern (ax) in MLC: 
 last data point without smooth (MLC1)
 last data point with smooth (MLC2)
 average age pattern over time (MLC3)

3. Country groups
• HMD [HMDa (13) + HMDb (25)] 
• Non-HMD countries (117) 

 MLC 1 MLC2 MLC3 PMD-unadj PMD-WPP 
 (1) (2) (3) (4) (5) 

Country classification by quality of data 
All countries (155) 3.9 3.4 1.5 6.8 --- 
All HMD countries (38) 5.3  4.6  1.0 8.5  --- 

HMDa countries (25) 2.2  1.4  1.2  7.5  --- 
HMDb countries (13) 11.2 10.6 0.7 10.6 --- 

Non-HMD countries (117) 3.5  3.0 1.7 6.2 --- 
Country classification according to the approach used in the 2017 Revision  

PMD-WPP (130) 4.3 3.7 1.6 6.7 3.2 
MLC1 (8) 1.4 1.2 1.4 4.4 --- 
MLC2 (5) 1.2 0.3 2.8 7.2 --- 
MLC3 (12) 3.2 2.0 0.4 9.6 --- 

 

 MLC 1 MLC2  MLC3 PMD-unadj PMD-WPP 
 (1) (2)  (3) (4) (5) 

 Country classification for HMD vs. non-HMD 
All countries (155) 0.7 1.2  2.5 1.0 --- 
All HMD countries (38) 1.5 2.0  3.1 0.3 --- 

HMDa countries (25) 0.2 0.7  0.8 0.0 --- 
HMDb countries (13) 4.0 4.6  7.3 0.9 --- 

Non-HMD countries (117) 0.5 0.9  2.4 1.2 --- 
 Country classification according to the approach used in the 2017 Revision 
PMD-WPP (130) 0.8 1.3  2.9 1.1 1.2 
MLC1 (8) 0.2 0.6  1.0 0.0 --- 
MLC2 (5) 0.3 0.7  0.8 0.0 --- 
MLC3 (12) 0.2 0.6  0.7 0.0 --- 

 

Figure 2.  Occurrence rates of sex crossovers in mx (left two) and jumps in mx over time (right two) 
by method and country group 

Table 1.  Average occurrence rates of sex crossovers in mx (left)  and jumps in mx over time for males (right)
by method and country group 

Recommendations
• For MLC:  More flexible base year age pattern of mx

• For PMD:  Sex-coherent age pattern of mortality 
improvement should be used.

• For MLC and PMD: For HMDb and Non-HMD countries, 
base-year mortality age pattern may incorporate regional 
or subregional patterns. 

• Refine the female-male gap in e0 in BHM projection to 
avoid sex gaps in e0 that are too narrow.

4. Criteria of comparisons
• Occurrence of sex crossovers in mx

• Occurrence of jumps in mxover time

MLC1 Males
MLC1 Females

MLC1,
MLC2,
MLC3,
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