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My presentation:

Probabilistic household forecasts for Finland
and Denmark.

Building on earlier results for Norway, taking
advantage of the very household good data
for the two countries
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Outline

Norway: probabilistic household forecast

Finland and Denmark:
- point predictions
- time series models of household structures
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Why probabilistic  household forecast (PHF)?

Deterministic approach not always useful

Relative uncertainties of different household types
unknown
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Main idea of PHF (Alho & Keilman JRSS A 2009)

Combine

a probabilistic population forecast (predictive
distribution of the population by age and sex)

with
a predictive distribution of random household shares.

Household share: given age and sex, proportion of
population that has a certain household position

The random shares model assigns the population
randomly in any future year to different household
positions (given age and sex)
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Probabilistic population forecast Example. predictive
o distribution for cohabiting
Predictive distribution for X: number .
of women aged 20-24 in 2030 women aged 20-24 in 2030

E(X) = 148 900

1
0 190800

Multiply: Predictive
distribution for XY: the
number of cohabiting
women aged 20-24 in

N

Probabilistic forecast for household
shares

Predictive distribution for Y: share of E(XY) =31 400
cohabiting women aged 20-24 in

2030

E(Y) = 21.07% k

1
0 1
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Probabillistic population forecast available
from UPE project (2004) — to be updated

UPE = Uncertain Population of Europe

18 European countries incl. Norway,
Finland, Denmark 2004 - 2050

See
http://www.stat.fi/tup/euupe/index_en.html
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Household position / Household status

Characteristic of individuals

e.g. child, living alone, in consensual union, living
with spouse, lone parent, living in an institution

State equation of State Space model predicts
population by household position

Given numbers of persons by household status at time
t, households of various types at time t are easy to
compute (cf. Observation equation of SS model)
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Shares for household positions

Normal distribution (in logit scale)

Expected values: deterministic model that simulates the
underlying household dynamics

Variances:
random walk (Norway)
random walk with drift (Finland, Denmark)
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Norwegian case study: Focus on private
households

Six/eight different household positions for

Individuals
e Child CHLD
e Living alone SINO
e In consensual union COHO/COH+
e Living with spouse MARO/MAR+
 Lone parent SIN+
e Other OTHR

for each age/sex combination

5-y age groups, 2 sexes, 30 years into the
future
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Expected values for the shares

Update of deterministic household forecast of
early 1990s

Multistate deterministic model:

people "jump”’ between different household
positions

household events
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Household events for individuals

HH position time t

CHLD COH MAR SINO SIN+ OTHR
HH CHLD X
POS
SINO X
SIN+ X
OTHR X
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State equation (deterministic)
Vius = PV + Qi

V, column vector of population by household
position, age, sex at time t

l, column vector of net immigration during (t,t+5)
with same format as V,

P,, Q; transition matrices interval (t,t+5):
household events, survival, fertility;

functions of death rates, birth rates, rates for
household events
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Data

Jump-off population from Norwegian Census
November 2001

Occurrence-exposure rates for household
events from Survey on Living Conditions In
Norway

Annual panel 1997(1)2002
appr. 5000 households
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Assumptions to 2032

- numbers of births

- numbers of deaths

- level of net-migration

(irrespective of household pos, age, sex)

as in Statistics Norway’s 2005 population forecast

Rates for household events constant 30 years ahead
(2002-2032)

Constant capacity institutions (ca 41,000)
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Results: point predictions households

Projected number of private households, Norway

Millioner
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OCOHO mCOH+ OMARO O MAR+ B SINO OSIN+ EOTHR

Average household size 13 expected to fall from 2.2 p-hh m 2002 to 2.0 p hh in 2032
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Elderly less likely to live alone ...

Proportion of women living alone

15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85 90+
19 24 29 34 39 44 49 54 59 64 69 74 79 84 89

—=—1990 —e— 2002 —=— 2007 2012 2017 —%— 2022 —e— 2027 —— 2032
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... more likely to live with partner

Proportion of women living with their spouse
1.0 4

0.0

0-4 59 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85- 90+
14 19 24 29 34 39 44 49 54 59 64 69 74 79 84 89

—=—1990 —e— 2002 —=— 2007 2012 2017 —%— 2022 —e— 2027 —— 2032
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Expected values for shares come from the
deterministic household forecast

Variances estimated from empirical errors in
old household forecast:

household shares in old (1990-based)
forecast compared with Census 2001 (and
SLC waves of 1997 and 2002)

Some empirical support for random walk
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Separate random walks for groups of household
positions

Errors in shares simulated for future years: 2010, 2020,
2030

Correlations between neighbouring ages (0.65 based
on AR(1)) and sex (0.68) included

Combined with point predictions for shares
3000 simulations

Applied to 3000 projected trajectories of the stochastic
population forecast
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Selected results for households (1 Jan.)

All private households

Average household siZe

2002 Jump off 2 025 723 2.21
2010: Mean 2 197 800 2.15
80% prediction interval [2 145 600 - 2 251 100] [2.10 — 2.20]
Coefficient of Variation 0.019 0.018
2030: Mean 2 587 000 2.04
80% prediction interval [2 418 400 - 2 759 000] [1.92 — 2.16]
Coefficient of Variation 0.052 0.046
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Households

Married couple Cohabiting couple
2002 Census 834 400 204 133
2010: Mean 876 800 267 300
80% prediction interval [830 500 — 923 100] [231 000 — 304 90d]
Coefficient of Variation 0.042 0.108
2030: Mean 955 600 344 600
80% prediction interval [841 900 — 1 069 200)| [266 400 — 427 80Q]
Coefficient of Variation 0.093 0.181
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Households
One person Lone parent
2002 Census 748 900 163 300
2010: Mean 828 000 183 500
80% prediction interval [745 000 — 911 800] [143 900 — 225 30d]
Coefficient of Variation 0.078 0.172
2030: Mean 1 043 600 207 300
80% prediction interval [863 300 — 1 242 100| [134 100 — 288 40Q]
Coefficient of Variation 0.142 0.297
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Figure 7. Box and whisker plots of predictive dimttions of private households, 2002 (observed),
2010, 2020, 2030

a. The number of married-couple households

millions
1.5
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2002 2010 2020 2030
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b. The number of one-person households

millions
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c. The number of cohabiting-couple households

millions
1.5

2002 2010 2020

2030
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e. The number of all private households

millions
1.5

2002 2010 2020 2030
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Finland & Denmark

Work In progress

First results for

deterministic projections of population by
age, sex, and household position:

Ongoing work for
volatility in household positions
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Detailed data from population register
and housing register

Population by age, sex, and household position
(stocks)

Finland: 1989-2009 (1 Jan)
Denmark: 1983-2007 (1 Jan)

Population by age, sex, hhpos 1 Jan year t,
and hhpos 1 Jan year t+1(transitions)

Finland: years 1989-2008
Denmark: years 1983-2006
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Finland and Denmark: Private as well as
Institutional households

Seven different household positions

e Child CHLD
e Living alone SINO
e In consensual union COH
e Living with spouse MAR
 Lone parent SIN+
e Other private hh pos OTHR
* In elderly institution INST

for each age/sex combination
5-y age groups, 2 sexes, 30 years into the future
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Selected input parameters for
deterministic forecast Finland
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Birth rates by mother's household position and

age, 2008
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NB: Age group labels to be shifted one position to the left
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Denmark
One-year transition probabilities. Persons who
leave an institution, 2002-2007
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Denmark

0,06000
0,05000
0,04000
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Jump -off populations

By age (5y), sex, household position (7)
Finland 1 Jan. 2009

Denmark 1 Jan. 2007
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Assumptions

- numbers of births

- numbers of deaths

- level of net-migration
(irrespective of hh pos, age, sex)
as in official forecasts:

2010 forecast of Statistics Denmark
2009 forecast of Statistics Finland

Rates for household events constant 30 years ahead
Constant capacity of institutions
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Multistate life table of input parameters, Finland

Percentage of life time spent in various
household positions, and average number of
children per woman (2004-2008/2009-2013)

CHLD SINO COH MAR SIN+ OTHR INST All
(100%)
% years
Men 26 20 11 35 1 6 1 74.8
Women 22 22 11 34 4 5 1 82.3
children per woman
0.00 0.09 0.42 1.27 0.10 0.05 0.00 1.93
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Projected households by type, Norway
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Time series models for household shares

TWO purposes:

1. Model volatility in future household positions

2. Compare expected future household shares
with future shares computed from
deterministic household model
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Household shares
Time series for each combination of age (five
year age groups), sex (men, women), and

household position (CHLD, SINO, COH,
MAR, SIN+, OTHR, INST — 6 independent)

Appr. 130 series for each of the two countries

Logit scale
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Random walk with drift (RWD) for 6 hhpos, 16
age groups, 2 sexes

Cf. Random walk for Norway for 4 hhpos,
Independent of age and sex
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Shares Finland, women (logit)
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Shares Denmark,

men (logit)
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Finland

0,1
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Denmark

Residual standard deviation of RW & Drift, men
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Constant rates?

Substitution "Married, with spouse” and
"Cohabiting”
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Finland, shares — men (left) and women (right)
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Current work

Extrapolate transition probabillities

Extrapolate shares, transform into transition
probabilities



Conclusions

Good data for Finland and Denmark allows rich
time series models for household positions
and household dynamics

Expect: Lower uncertainty in household
forecasts than for Norway, where data
situation iIs much worse



Conclusions

Small households increase faster than large
ones: aging, divorce, fewer children

One-person households — the elderly

Not only consequences for labour market,
savings etc, but also for housing market and
energy consumption



Thank you!



