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1. METHODOLOGICAL AND DATA ISSUES
1.1. MODEL SMETHODS FOR HOUSEHOL D PROJECTION OR

SIMULATION
Three types of method: headshiprate, Micro simulation and Macro
simulation

(1) Classic headship-rate method (to be discussed in afew minutes)

(2) Micro models

- can handle alarge state space with many covariates;

- therelation of individuals can be explicitly retained;

- providerich output including the stochastic distribution and confidence
intervals of outcomes.

® Very powerful in detailed analyses of complex behavioural patterns
and kinship simulations

Threekinds of random variations: (e.g. Van Imhoff and Post, 1998):
--Monte Carlo random variations;

--subject to sampling errors for starting and projected popul ations;
--" specification randomness”

(3) Macro models

(@) Limited in # of covariates included and retaining complex
relations among individuals, but:

->not limited to the sample size, can fully use census information as
starting point to project households of entire population
—>relatively easy to use if auser-friendly software is provided

(b) Most macro household projection models require data on transition
probabilities among different household types, which are not available
from conventional data resources such as surveys, census and vital
statistics, and not closely linked to demographic rates.

- Need to develop amacro model that requires only conventional data
(i.e. using demographic rates as input).
- Thisiswhat ProFamy model triesto do




1.2. Demogr aphic statuses of all individuals of the population
in the ProFamy model

Status Symbol | Definition and codes U.S. application
Age X 0,1,2,3,...,.W; W ischosen by user x=0,1,2,3,...,100
Sex S 1. Female 2. Male =12

Race (optional) R Deter mined by user r=1,2,3,4
Marital status M 4or 7marital statusmodel chosen by user |m=1,2,34,5,6,7
Co-residence with K 1. Living with two parents; 2. Living with |k=1,2,3
parent(s) one parent only; 3. Not living with parents.

Parity P p=0212,...,H; Hischosen by user p=0,12,3,4,5+

# co-residing children [C c=012..,H(cp c=0,1,2,3,4,5+
Residence (optional) |U 1. Rural; 2. Urban Not considered
Projection year t Singleyear from t, to t,, chosen by user t,=2000; t,=2050

1,2,...,P surviving children, disregarding co-residence

| Notes: (1) Statusk can also be defined in ProFamy model ashaving 0, 1, or 2
| surviving parents, disregarding co-residence. Status c can also be defined as having
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1.3 Accounting System and Computational Strategy

Accounting system: the household typeand size arederived from
the characteristics of thereference person (or marker).

Details on accounting equations, computational strategiesand
procedures, how to ensurethe consistence between males and
females and between parents and children arereferred to: Zeng,
Vaupel and Wang (1997; 1998) and Zeng, Land, Wang and Gu

(2006).
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1.4. A Comparison of ProFamy M odel and Headship
RateMethod

(1) Linkage with demographic rates

Headship Rate: Does not use demographic rates asinput &
cannot link to demographic events extremely hard to
incorporate demographic assumptions of fertility, mortality,
marriage/union formation and dissolution etc. (Mason an
Racelis 1992; Spicer et al., 1992)

ProFamy: Use demographic rates from conventional
sources as input; closaly link projected households with
demographic rates and summary measureson
marriage/union formation and dissolution, fertility and
mortality etc.

Headshig-rate household projection:
cross-sectional extrapolation of the

using age-specific headship-rate, without
demographic rates asinput linkage to demographic rate
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(2) Information produced and their adequacy for planning

Headship Rate; little information on household types & no household sizes
projection, inadequate for planning purposes (Bell and Cooper, 1990), e.g.
housing forecasting using headship rates cannot provide future housing needs
by household size, which may be misleading.

Table 2. Households types projected by headship rates methods

(Bureau of the Census, 1996)

ProFamy: projected household types and sizes

Tyvne code. | H nugqgl_d_t_ypgs
I

Household sizes

Onea-ganerati
He-gereratt

on-housaholds.
PHORSeRoGS

counlel—otharnon-raativia
Eotpre-S—OtReH ROt ve

1.6 One person r\nl\]l hy sox and marital status 1
7-12 One person & other/non-relativeby sex and marital status  |2,3,4,5,0r 6+
ofthoanarcon
of theperson
1314 Onemarried counle onhv: One cohabitina counle only 2
Lad PAJ 7 Lad PA
1516 Onemarried couple& other/non-relative; One cohabiting 3,4,5,6,0r 7+

T\An_gnnnrnf'

17-18

on-houssholds.

345678 ar 9+

Married cauple & children; Cohahiting cauple & children

arandparaents
TS

1924 Single-parent & children by sex and marital status of the 2,3,4,5,6,7,8,0r
eingln par_a’\t O+
| Hrhree-genergtion-househelds
2528 Married (or cohabiting) couplewith children and 1 or 2 4,5,6,7,8,0r 9+
grandparents.
29-40 Sex-marital status-specificsingle-parent & children & 1or 2 (3,4,5,6,7,8,0r 9+

gartoparent




ProFamy are much more useful in business & governmental
planning, policy analysis, and academic research than are the
5 household types projected using the headship-rate method.

For example:

- Prskawetz et al. (2004) found that the headshiprate method yields
serious misleading (over estimating) results about theincreasein
automobile usein Austria, because the headshiprate method
forecasts household number s without infor mation on household
sizes.

- Wang et al. (2006) found that the headshiprate method yields
serious misleading results about the housing demand in NC of U.S,,
because the headshiprate method cannot forecast
households/housing by household sizes.

- Tworecent articles published in Nature show that rapid increasein
householdswith smaller size, which resultsin higher per capita
resour ce consumption, implies a threat of larger demand for
resour ces (K eilman, 2003) and poses serious challengesto
biodiversity conservation (Liu et al., 2003).

(3) Other family household member sthan heads

#Headship Rate: Lumpsall other household membersthan headsinto
“non-heads’ (Burch, 1999), cannot be used for forecasting of family status
and living arrangement of elderly, children, and adults, who are non-heads and
consist of amagjority of the population.

#=ProFamy: simultaneously Project household, marital status, living
arrangement and age/sex (optional: race or rural/urban) distributions of all
members of entire population including reference persons and non-
reference persons, such as:

»number & % of elderly living alone, with spouse only, with children and

| others, institutionalized etc.

»number & % of children with single parent,

»number & % of middle-age adults with both children and parents;




1.5. A Summary of the Data and Resour ces Used by ProFamy to
Forecast Households

(1) Base population for the nation and states.

Contents of the data Main data resources (US
applications)

A census micro datafile for the whole country | 2000 and 1990 census 5%
and each state, with afew needed variables of micro datafiles and the 100%
sex, age, race (optional), marital/union status, | censusestabulationsat the
relationship to the househol der, and whether national level; the 5% or

S . T 100% data set for each state,
living in aprivate or institutional household. With a few needed variables

of sex, age, race,

If asample data set is used, 100% tabulations of | Marital/union status,
age-sex distributions of the entire population and |relationship to the _
those living in group quarters, aswell asthe total |ouseholder, anod geographic
number of households, derived from the census codes, etc.; 100% data are

i b ded available at the Census
ata must be provided. Research Data Center

(2) Model standard schedules at national level (not
necessary for the states and small areas), available
from ProFamy package

Contents of the data Main data respurces

(8) Age-race sex-specific death rates (marital-status specific, if | Census Bureau

nocaihla bt nat vat auatlahla tn tha Dralamyy nacl ana)
POSSHRrEBut oty Cravaraire e+ Torarty Poc

kage):
(b) Age-race-sex-specific o/e rates of marriage/union formation |Pooled NSFH, NSFG,
and-dissoldtien CPS, SIPP data sets, see
Zeng et a. (2005).

(c) Age-race parity -specific o/e rates of marital and non-marital

fartility
HERtHtY

(d) Age-race-sex-specific net rates of leaving the parental home, [2000 and 1990 census
estimated based on two adjacent census micro datafilesand the [micro datafiles
intra-cohort iterative method (Coal e,1984; 1985; Stupp, 1988;

-

Zana-Coaleatal 1004}
=ERG— o TEII)

(e) Age-s=x-specific rates of emigrantsto therest of theworld | Census Bureau

—and-mmigrantstrom-therestof-theworld
Ftheworld:




(3) Demographic summary measures for the nation and states,
not necessary for small areas

—-#-— — -E-— — - — — -~ — — @~ — — -§-— — - — — - - — — -E-— — —E-— — -§-— — % —
Contents of the data Main data resour ces
(a) Total Fertility Rates (TFR) by parity CensusBureau &
; ; ; National Center on
b) Lif ect t birth
(b) L ife expectancies at bir _ Health Statistics
(c) Total numbersof maleand female migrants
(d) General ratesof marriage and general rates of Based on vital statistics
divorce and pooled survey data
(€) Mean ageat first marriage and births Sets
(f) General rates of cohabiting and general rates of
union dissolution

1.6. VALIDATIONS OF ProFamy MODEL: Projecting U.S. households frq
1990 to 2000 and compar e to the 2000 census obser vations

Tabled A comparlson between ProFamy prOj ected and census-observed

Total number of households 105,480,101 105,266,104 -0.2 103,245,963 -21
Average households size 2.59 254 -19 2.62 12
% married couple household 51.66 52.81 2.23 53.75 4.0
% cohabiting couple household 1.95 1.98 2.0 NA NA
% livingin group quarters 2.76 271 -20 NA NA
% of cohabiting partners 1.95 1.80 -75 NA NA
% of 1 person households 25.82 25.04 -3.0 NA NA
% of 2 person households 32.63 33.38 23 NA NA
% of 3 person households 16.53 18.25 10.4 NA NA
% of 4 person households 14.20 14.05 -1.0 NA NA

% of 5+ person-households 1083 928 143 NA NA




Table4. A comparison between ProFamy-projected and census-obser ved
households and Population in 2000, United States--Continued

— - — — -E-— — "W~ — — - — — W — — - — — % — — - — — "B~ — — @~ — — -§-— — W —
Census ProFamy Projected CB Projected (headship)
observation Number or %  Diff.%  Number or % Diff.%

Total population size 281,421,906 276,351,300 -1.8 NA NA

% among total population

Children age<18 25.69 2532 -14 NA NA

60+ 16.27 16.9 38 NA NA

65+ 12.43 132 4.7 NA NA

80+ 3.26 3.59 10.0 NA NA
Dependent ratio of children 0.42 0.41 -1.2 NA NA
Dependent ratio of old 0.20 0.21 45 NA NA
Dependent ratio of children 0.62 0.62 0.6 NA NA
and old

Figure 2. Comparing the total population sizes projected
by the Census Bureau and ProFamy

Bureau
400000 White Non Hispanic,
Census Bureau
350000 —8— Black Non Hispanic,
Census Bureau
300000 Others Non Hispanic,
Census Bureau
-+ Hispanic Origin,
ProFamy
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---A--- Black Non Hispanic,
150000 ProFamy
Others Non Hispanic,

100000 ProFamy
Total, Census Bureau
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2. lllustrative Applications
2.1. Family Household Momentum and Enor mous
Racial Differentialsin Family Households Dynamics

# Under the medium (constant) scenario with everything
(marriage union formation and dissolution, fertility,
mortality, migration, etc.) after 2000 assumed to remain
the same as in 2000, the proportion distributions of
household types/size and living arrangements of the
elderly change considerably until 2020 or so and remain
stable afterwards

= Why? Family household momentum (similar to population
momentum) plays an important role: the older cohorts,
who had more traditional family patterns, will be replaced
by the younger cohorts with modern family patterns.

Figure 3. Racial differentials of households and living
arrangements based on medium forecasts
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Figure 3. Racial differentials of households and living
arrangements based on medium forecasts--continued
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2.2. Low and High Boundaries of Households and
Living Arrangements Projections

# The smaller family scenario assumes that, as compared to
the medium forecasts, the general rates of divorce and
union break are higher by 15% in 2020 and 25% in 2050;
the general rates of marriage and cohabitation are lower by
15% in 2020 and 25% in 2050; it employs the low fertility,
low mortality, and high internationa net migration adopted
by the Census Bureau.

= Such a combination of the demographic rates may result in
the low boundaries of household size and percents of
married or cohabiting couple households, and the high
boundaries of percents of one-person households, single-
parent households and children living with a single-parent,
€tc.
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L ow and High Boundaries of Households and L iving
Arrangements Proj ections (continued)

# The Larger family scenario assumes that, as compared to
the medium forecasts, the general rates of divorce and
union break are lower by 15% in 2020 and 25% in 2050;
the genera rates of marriage and cohabitation are higher
by 15% in 2020 and 25% in 2050; it employs the hig
fertility, high mortality, and low net international migration
adopted by the Census Bureau.

= This combination may result in the high boundaries of
household size and percents of married or cohabiting
couple households, and the low boundaries of percents of
one-person households, single-parent households and
children living with a single-parent, etc.

Figure 4. Low and high boundaries of households and living
arrangements projection, based on medium forecasts and the
smaller and larger family scenarios
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Figure 5. Low and high boundaries of households and
living arrangements projection, based on medium forecasts
and the smaller and larger family scenarios -continued
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Table 5. Projected possible ranges of the numbers of householdsby types
aswell astotal numbers of elderly living alone and children living in
single-parent households (unit: million)

Year Number of households Elderly living alone Children
livingin
Total One- Single- Cohabiti [Married- |Age65+ |Age80+ [single-
person parent ng- couple parent
couple househol
£k
1990 92 22.6 9.5 31 50.7 9.3 28 9.8
2000 106 28.9 123 49 53.0 11.0 37 11.0
2010 118-123 |33.2-35.7 |13.7-15.2 6.9-7.4 56.3-56.5 |12.6-12.7 4.4-45 10.8-12.1
1| 2020 127-140 |[34.9-433 [14.7-1838 8.7-93 |59.9-61.0 |16.2-169 | 4.6-48 |10.9-13.8
2030 134-158 |[35.7-50.9 |[15.3-22.6 |10.0-105 [62.8-653 |20.4-22.6 | 6.3-6.8 |[11.2-153
2040 139-175 |[357-58.7 [159-25.6 |[10.9-11.6 [661-70.0 |21.7-265 | 86-99 [11.4-16.3
2050 145-193 |[357-67.1 [155-28.0 [11.7-12.6 [69.8-759 [21.0-29.3 | 9.3-11.7 |[11.7-17.4
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2.3. Housing Consumption Forecastsfor NC
state,Triangle area and city of Chapel Hill

Thebasic demographic of NC State, Orange and Chatham counties and
Chapel Hill, 2000
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population households
® Chapel Hill 48,715 17,807
Orange county 118,227 45,863
@chatham county 49,329 19741
NC State: 8,049,313 3,132,013
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2. Recent trend of housing marketsin NC State

¥ 1990-2000, NC gained 0.46 million homeowners (an increase of 27%)
and 0.15 million renters (an increase of 20%).

---- Theincreases in both owned and rented housing units from 1990 to
2000 rank among the top fivein the nation.

® Homeownership rate for Orange and Chatham countiesin 2000 :
63.5% growth rate in 1990s higher than NC statewide

" Homeownership rate for Chapel Hill Town in 2000 was 42.9%,
gained more than a 36% increase in 1990-2000, nearly 10% more than
the state average. Therental housing unitsin 2000 had a 24% increase
over 1990, 4% more than the state average.

3. Analyses of housing survey datain the U.S. have consistently shown
the close relationship of household characteristics such as age,
race/ethnicity, and household type/size/income with housing
consumption (eg., Berson and Neely, 1997; Berson et al., 2005; JCHSHU,
2004; Smith, 2005; U.S. Census Bureau, 2005).

- demographic structure and magnitude of the
population and households could reshape the housing
mar ket

16



Some approaches used in the literature

--- Most existing housing forecasts are based on the classic headship-rates
and population projection disaggregated by age-gender. The
headship-rate method is not linked to demographic rates and
projects a few household types without size.

--- very few previous studies have attempted to forecast future housing
consumption by detailed household characteristics.

New methods in household forecasting

" ProFamy method:

--- Demographic rates as input and projects more detailed household

characteristics of type, size, age, race, etc. (zeng, Vaupel, and Wang, 1997,
1998; Zeng, Land, Wang, and Gu, 2005a; 2005b).

--- Methodological background, accounting equations, validations(zeng et
al., 1997; 1998; Zeng et al., 2005a; 2005b) .

17



Table 7. A comparison of the main indices of households between our
forecasts from 1990 to 2000 and census observations in 2000, North
Carolinaand Triangle Area

Mo Caroiing Triargks A

Cansis  PraFamy DIN.% Gansus  ProFamy Dif.%

Total rumber of househald 3132042 39534855 07 Tolalmimberof household 214363 21685 132

Auerage Heusehod Siza 248 240 03 Averaga Hodschold Sie 242 Tk 09
Pamanl of Percant of
1 padsan anly 2530 a1 aa 1 parson only T b A 17
2 -3 parsores hoosshold 3.Te T 29 2 -3 parsans housshold 52.21 S0AE 44
4-5 persons hotsshold 109.08 1967 31 A+ persins househokd* 20010 2173 &
B+ parsons household 176 260 21
e honsehokd 51z Ba.EE 08 capka hausshokd h2.02 068 -16
Total popdation ss BCMO. 12 BLOTHE2 06 Tohl populalion size g2 s 17
Group quarer resldents 203837 5364 01 Groupquarks residents 2323 MIh 45

Nofes: ¥ Dne 1o the sample size lindranion of e cansns 5% mdero dara, we corrently group
honseholds of size 4.2.6+ iuto one category of siza 4+ for the anall areas.

Data, estimates and assumption to forecast housing
consumption in this study

--- Age: <35, 35-64, 65-79 and 80+.
- Sex:
--- Race: WhiteNH, Black-NH, Hispanic, Others-NH (see census bureau)

--- Household type/size
(1) singeeman only; (2) singlewoman only; (3) a singleman &
children/other, size 23; (4) a single-man & children/other, size 4+; (5) a
singlewoman & children/other, size 2-3; (6) a singlewoman &
children/other, size 4+; (7) a couple only; (8) a couple and children/other,
size 3-4; (9) a couple and children/other, size 5+; (10) men living in group
quarters; (11) women living in group quarters.

--- Household income (top 25%, middle | 25%, middle |1 25%, bottom 25%)

18



Data, estimates and assumption to forecast housing
consumption in this study (cont’d)

Homeownership rates and home-renter rates: classified by income,
household type/size and age/race of the householder, with exactly the
same categorization as that for the households.

Homeownership rates by housing units: 0-2 bedrooms (0 bedrooms means
that the bed isin the living room), 3 bedrooms, and 4+ bedroomns.

Baseyear Data: 2000 census and ACS data are used to estimate age-race-
sex-household type/size-income specific homeownership rates in the
future years.

Assumptions: Age-sex-race-househol d type/size-income-specific
homeownership rate constant—medium forecast

Mainly results for housing forecasts
Forecasted numbers of owned- housing units by the number
of bedrooms in 2015, and the increases in 2015 as compared

to 2005
— = — - — — B — — - — — - — — #-— — - — — k- — — - — — - — — - — — - —
All 0-2 bedrooms 3 bedrooms 4+ bedrooms
MNumber 24 Numbrer %a MNumber %0 Number %%
NC
2005 2,349.556 100.0 557.089 23.7 1,353,798 577 436.670 18.6
2015 2,734,112 100.0 664,810 243 1.564.289 572 505.013 185
# Inc. 384,556 100.0 107,721 28.0 208,491 542 68,343 17.8
%% Inc. 16.4 192.3 154 15.7
Orange & Chatham Counties
2005 43,233 100.0 0,354 21.6 23,684 4.8 10,195 23.6
2015 50.383 1000 11,161 221 27.462 543 11,957 23.6
# Inc. 7.347 100.0 1.807 246 3.778 514 1.762 240
%% Inc. 17.0 193 16.0 17.3
Chapel Hill
2005 8.246 100.0 NA MA NA MA NA NA
2015 0.662 100.0 NA NA NA NA NA NA
# Inc. 1.416 100.0 NA NA NA NA MA NA
% Inc. 17.2

Mote: (1) # Inc. and % Inc_ refers to the number and % of increase in owned-housing units n 2013 as compared to
2005. (2) Forecasted mumbers of owned-housing umits are also available for each of the years between 2005 and
2013, but they are not presented in the tables due to space limitations. (3) NA: baseline data are not available.




Forecasted total numbers of rental housing units in each year
2005-2015 and the percent of cumulative increase as
compared to 2005

NC Orange & Chatham Chapel Hill
Counties

Year Number % Inc. Number % Inc. Number % Inc.

29.226 - 12,176 -
29,683 12,299 1.0
30,753 12,630 39
31,993 13,109 11

1

1

1

2003 1,031,567
2006 1,050,522
2008 1,088,436
2010 1,129,870
012 1,171,911
014 1.211,131

2013 1231127

e i
L e I
R T

33,226 1 3,595 117
34311 174 3995 149
34822 191 4176 164

R T R e

._.
[ e R

i
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Note: % Inc.: % of cumulative merease as compared to 2005.

Forecasted cumulative increase of owned-housing units as
compared to 2005 by household type/size, NC
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Forecasts of cumulative increase in rental housing units by
household type/size, as compared to 2005
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Forecasts of the cumulative increase in owned-housing units
by the age of the reference person, as compared to 2005
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Forecasts of the cumulative increasesin rental housing units
by the age of the household reference person, as compared to
2005
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Forecasts of the cumulative increase in owned-housing units
by race as compared to 2005, NC State
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Forecasts of the cumulative increasesin owned-housing units
by household income in 2015, as compared to 2005
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A banelme datz for the Forecasting are not avmlable

SUMMARY & CONCLUDING
REMARKS of housing forecasts

" This study has conducted a projection for household and housing
consumption for NC State, its two counties, and one town from 2005
to 2015 using ProFamy method.

" 16-17% increase in owned-housing units and 16-19% increase in
rented housing units from 2005 to 2015 for NC.

® Growth of owned housing units with 0-2 bedrooms is faster than that
of unitswith 3+ bedrooms.

" Number of low income households will grow slightly faster than those
of high and medium income households.

" |ncrease in owned-housing unitsin NC will be dominated by White &
Non-Hispanics (70% of the total increase), but Hispanics is the fastest
(80% increase).
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SUMMARY & CONCLUDING
REMARKS of housing forecasts

" Largest increases in smaler housing units will be from
single-person-only households.

" Increase in rental housing units is amost exclusively
consumed by one-persontonly households and non-couple
households of size 2-3.

® *“aging of owned-housing market” is striking

" Headship-rate method will substantially bias the forecasts
of both the owned-housing market and rental housing
market

2.4. Forecasts of ADL disabled elderly
for US and the state of Minnesota
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Number of ADL disabled elderly Living alone,
US, 2000-2050
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Number of ADL disabled elderly, Living with
spouse/partner/other, US, 2000-2050
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Number of yearly workdays of home-based help to be
provided to ADL disabled elderly,
US, 2000-2050
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Number of yearly workdays of home-based help to be
provided to ADL disabled elderly,
US, 2000-2050
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Total yearly payments of home-based help to be provided
to ADL disabled elderly,
US, 2000-2050
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Total yearly payments of home-based help to be provided
to ADL disabled elderly,
US, 2000-2050
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http://www.profamy.com

Website for download ProFamy software
and documents
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