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Understanding and Meeting Different User Needs:
BLS CPI products
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CPIl Users

Policymakers
» Congress, Federal Reserve Bank: inform fiscal and monetary policy

Government agencies: execute laws stipulating use of CPI
» Social Security Administration: cost-of-living-adjustment to benefits
» Internal Revenue Service: adjust marginal tax bracket levels

Contracting parties
» Landlord\tenant: adjust lease payments

» Employer\employee: wage escalation
clauses

Public at large: as barometer of overall
inflation
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History of Social Security COLAs
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Mote: The first COLA was applied in October 1950, an increase of 77%.
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BLS Consumer Price Index products

YEAR WEBSITE
INDEX |[COHORT INTRODUCED NOTE HITS2
Index used for Social
CPI-W' |Wage-earners and clerical workers 1921 Security Cost of Living| 6.0%
Adjustment (COLA)
CPI-U  [All urban consumers 1978 Headline Index 93.1%
CPI-E*>  |Elderly consumers 1988 Experimental <0.1%
h H . .
Chained All urban consumers 2002 Plib“Shed with 0.9%
CPI-U 1-yearlag
Notes:

1. Indexisa population subgroupindex.
2. Website hit percentages are for the 12-month period ending February 2018. CPI-E is not currently available onthe website.

6 — U.S. BUREAU OF LABOR STATISTICS « bls.gov

<
=BLS



Differences in current index methods

Lower-level aggregation | e Upper-level aggregation
|
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Note: Onlycalculated for allurbanconsumers.

Upper-level aggregation weights, 2013-2014

Category

Al [Adult clothing

A2 |Children and infant clothing

EO [Telephone and electronics

E1 |Tuition

F1 [Food at home

F2 |Food away from home

F3 |Alochol and tobacco

HO [Shelter

H1 |Household utilities

H2 [Housefurnishings and operations
MO|Medical Care

RO |Entertainment and recreation

TO |Vehicles

T1 [Gasoline and vehicle maintenance
T2 |Public transportation

Note: Estimated from Consumer Expenditure Interview Survey, research sample.
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Difference in annual inflation estimates, CPI-W minus CPI-U
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Difference in annual inflation estimates, CPI-E minus CPI-U
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Difference in annual inflation estimates, Chained CPI-U minus CPI-U
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COLA impact on Social Security outlays

2017
Number of beneficiaries 66,721,000
Average monthly benefit S 1,259

TOTAL

S 1,008,068,907,120

SOURCE: U.S. Social Security Administration, Master Beneficiary Record and Supplemental Security Record, 100 percent data.

2018 .
Chained
OASDI CPI-W CPI-U CPI-E
o . CPI-U
Cost-of-Living Adjustment
COLA| 2.0% 2.0% 2.1% 1.7%
Average Monthly Benefit| S 1,284 [ S 1,284 | S 1,285 | $ 1,280
Difference from CPI-W S - S (S (4)
1.028 1.028 1.029 1.025
TOTAL 2018 OUTLAY . - . -
trillion trillion trillion trillion
] +1.2 -3
Aggregate Difference 0 . -
billion billion
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Criticisms of Population Subgroup Indexes:
The public debate over Social Security COLA

12 — U.S. BUREAU OF LABOR STATISTICS « bls.gov =BI.S



Inflation is a violent mugger,
as frightening as an armed robber,
and as deadly as a hit man.

- Ronald Reagan
1978
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https://www.huffingtonpost.com/robert-reich/chained-cpi_b_3016471.html
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Indexation of Social Security benefits: which index?

2> 4

Chained ]
CPI-U /&

More appropriate cohort definition m CPI-E fails to control within stratum

More representative of Social Security heterogeneity

beneficiary spending behavior m CPI-E aggregation weights associated with

Hypothesized lower substitution higher sampling error than the CPI-U

elasticity m CPI-E fails to address upper-level

Chained CPI weights reflect more than substitution bias

response to relative price change m Chained CPI-U more accurate measure of
overall inflation
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Population distribution by occupational status, 2013-2014

Total

Population CPl Population Secondary Population Cohorts Classification

CPI-W Wage & Salary Occupations- 25%

Full Time Labor
Force Participants-
58%

Other Employed Occupations- 29%

Self Employed 2%

Urban- 91%
Combined Occupations- 2%
Total- 100% Non Full Time
Labor Force Part Time Labor Force Occupations- 8%
Participants- 33%
Retired- 16%
Non-Urban- 9% Other Non Working- 9%

S \

Rural areas- 8%
Ine'i%;’ble_ Military, Farmers -1%
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Evidence of Price Change Heterogeneity:
Within and across component items;
across households
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Evidence of component index variation

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness

Range
Minimum
Maximum
Count

1.5%
0.2%
1.9%
0.0%
15.5%
2.4%
31.44
1.73
413.9%
-74.2%
339.7%
0,224

A8 (0%
445, 0%
A2, (V%
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36-month price change from December 2014 to December 2017

The ANOVA Procedure

Dependent Variable: rel

Source DF | Sum of Squares Mean Square | F Value| Pr>F |
Model 279 57.7297226 0.2069166 11.22 <0001
Error 8054 165.1611744 0.0184455

Corrected Total | 9233 222.8908970

R-Square | Coeff Var | Root MSE | rel Mean ‘

0.259004  13.38728 0.135814 1.014502

Source

DF ‘ Anova S5 | Mean Square| F Value| Pr = F|

ITEM 242 56.12500677

AREA

—
n-u-u

37

1.60471583

0.23192152
0.04337070

—

E’ E L

=

12 57 <.0001
2.35 <.0001
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Evidence of household budget share variation,
All urban consumers, 2013-2014




Frequency

Evidence of household index variation

36-month price change from December 2014 to December 2017
00

Mean 4.9% nflation
Standard Error 0.02% o Leflation
Median 5.0%

Mode 5.9%

700 Standard Deviation 1.6%

Sample Variance 0.03%

Kurtosis 0.47
600 Skewness (0.14)
Range 13.9%
Minimum -2.0%
500
Maximum 11.9%
Count 6,600
400
300
200
100 I I

AN R R S S SR N I i R

800

Percentage Price Change

21 — U.S. BUREAU OF LABOR STATISTICS « bls.gov

ik

BLS

A
M



Percentage Price Change

Inflation Scatterplot

Age of Householder
36-month price change from December 2014 to December 2017
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0.0%
-2.0% L
-4.0%
Paramotar Estimates
Parameter sundard
-6.0% Variable DF  Estimate Error tValue Pr>|t|
Intercept 1 1. 03465 0.00062723 1649. 55 <.0001 y = 0.0003x+ 0.0347
8.0% AGE_REF 1 0 00027527 0. 00001118 24. 63 <.0001 R*=0.0841
10 20 30 40 50 60 70 80 a0 100 110

Age of Householder
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Percentage Price Change

14.0%

12.0%

10.0%

E.0%

&.0%

4.0%

2.0%

0.0%

-2.0%

-4.0%

-6.0%

-B.0%

23 — U.S. BUREAU OF LABOR STATISTICS « bls.gov

Inflation Scatterplot

Income

A6-month price change from December 2014 to December 2017

Parameter Estimates

Parameter  Standard ‘
Variable DF Estimate Error tValue Pr> |t|

Intercept 1 1.05020 0.00026952 3896.63 <‘0001.

FINCBT = 1 -12072E-8 270096E-9  -4.47 <.0001

5- $50,000

$100,000

Annual Income

$150,000

y =-1E-08x + 0.0502

$200,000

R*= 0.0031
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Evidence of within stratum variation:
Restricted sample index minus full sample index

36-month price change from December 2014 to December 2017

Full sample mean: 7.1%
Low price quintile mean: 8.2%
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Evidence of within stratum variation:
Restricted sample index minus full sample index

36-month price change from December 2014 to December 2017
10.0%

5.0%

ol -""|||-|II|'I'I"|-||-'|-

-5.0%

-10.0%

-15.0%
Full sample mean: 7.1%
High price quintile mean: 6.0%

-20.0%
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Improving Population Subgroup

Index Estimates:
A stratified cluster aggregation framework
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Experimental subgroup index methodology

CURRENT APPROACH EXPERIMENTAL
FRAMEWORK
COHORT Wage-earners and clerical Social Security recicoients
DEFINITION workers SRl SRR NSRS
OWNER-OCCUPIED HOUSING Rental equivalence Payment approach
Variable (low price vector for
COMPONENT INDEXES All urban consumers ,
low income households)
AGGREGATION WEIGHTS Plutocratic Democratic
AGGREGATION FORMULA Lowe Torngvist
CLASSIFICATION OF None Stratified by income
HOUSEHOLDS Clustered by budget shares
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Process: Stratified cluster aggregation

Step

1.  Stratify households into like-kind groups

» (3) Income x (2) Social Security status

All urban consumers

LR

Budgal_Share
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1.00

0.75

o
m
=1

n %

Code | Social Security households: 1424 22%
SL Low income 648 10%
SM Middle Income 776 12%
Non Social Security households: 5171 78%

NL Low income 671 10%
NM Middle income | 3181 48%
NH High income | 1319 20%

Social Security, Low Income Quintile

F1 F2 F3 HO H1 H2 Mo
Category
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Process: Stratified cluster aggregation cont’d

Step
2. Execute LASSO to identify budget shares for clustering
> 16 = Zilglﬁiwki where the erroris Zobseruations( IGj:Q*f_Zilgl ﬂiwki)z +/12i1=51|ﬁi|

» Selections:

— A2-Childrens apparel, F1-Food at home, F2-Food away, HO-Shelter, H1-Utilities, MO-Medical care,
T1-Gasoline\vehicle maintenance, E1-Telephone, electronics, internet

j;0-t

3. Execute Hierarchical Clustering within cohort strata on budget shares
» Ward’s minimum variance method

» Resulted in 40 clusters per strata (75 for NM stratum)

» Average sample size of 30 households per cluster DKL) =—=—3
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STRATUM: Social Security, Low Income Quintile

CLUSTER=1
1.00 +
075
2‘050*
0.25
0;+%+%él %;%é;éi
AI1 AIZ EI!! E‘1 FI1 F‘Z F‘ﬁ HIO HI1 HI2 M‘U RIO TIU T‘ﬂ T‘2
Category
STRATUM: Social Security, Low Income Quintile
CLUSTER =30
075 4
B
20.50*
==
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T T T T T T T T T T T
E1 F1 F2 F3 Ho H1 H2 MO RO T0 T

Category

Al A2 =]

30 — U.S. BUREAU OF LABOR STATISTICS « bls.gov

T2

1.00 -
075 1
@USU* %
025 -
P T ; L == ; l el
AIT A‘Q E‘U EI1 F‘ﬂ F‘2 F‘3 HIO H‘1 H‘2 MIO RIO TIO 'I"1 TI2
Category
STRATUM: Social Security, Low Income Quintile
CLUSTER=11
075 4
i;'O.SO*
__&_8®B8dl_- Lé%@+il

STRATUM: Social Security, Low Income Quintile
CLUSTER =13

Al A2 E0 E1 F1 F2 F3 HD H1 H2 Mo RO
Category



t-distributed Stochastic Neighbor Embedding visualization
STRATUM: Non-Social Security, High Income Quintile
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t-distributed Stochastic Neighbor Embedding visualization

STRATUM: Non-Social Security, High Income Quintile
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Process: Stratified cluster aggregation cont’d

Step
4.  Calculate cluster (c) indexes within each stratum (s)
Ek sc,0
Ex sc0= Z (PQ)k,j,O » Wksc0™— =
ZkEs,c Ek,sc,O

J€Es,c 1

1-011—¢
Pk t LM _ Z <Pk,t) (Pk,t)
L Igq = Wy
Ig.. z W s.c <Pk 0) S,C; [ 4 ,5,¢,0 Peo) \Peo

» Tornguvist: execute K-nearest neighbor classification machine learningalgorithm on
discriminate function of demographicvariables, to assign current-period household
sampleinto base-period stratum-clusters (future research)

5. Aggregate into stratum indexes
» Subgroups: Democraticcluster weights
» Nationalindex: Plutocraticcluster weights

6. Aggregate into final index products
» Subgroups: Democraticstratum weights
» Nationalindex: Plutocratic cluster weights
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Results

36-month price change from December 2014 to December 2017

(0 Social
wm.er Low Income | High Income ocna. All Urban
Formula Occupied Component Indexes . . . . Security
. Quintile Quintile Consumers

Housing Cohort
Laspeyres Payment Full sample, urban 4.24% 4.50% 4.33% 4.19%
Laspeyres Payment |Restricted price vector 6.12%* 4.44% 5.47% 4.71%
Laspeyres OER Full sample, urban 5.06% 4.86% 5.56% 4.80%
Laspeyres OER Restricted price vector 7.05%* 4.75% 6.81%* 5.34%
CES c=0.6 Payment |Restricted price vector 5.98%* 4.32% 5.31%
CES 6=0.6 OER Restricted price vector 5.21%

* Qutside 95% confidence interval of official CPI-U(3.85% to 5.91%)
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Summary of findings

B Experimental indexes not significantly different from CPI-U

» Exception: Low income quintile and Social Security cohort estimates
using low price vector and rental equivalence are larger

» Social Security CES index higher than national CES index by 0.03%
per annum

B Treatment of owner occupied-housing and within-item inflation
variation have large impact

» Paymentapproachyields lower inflation estimates during study
period, notably for Social Security cohort

» Use of restricted samples for component indexes (low price quintile)
for low income cohortsyields higher overall inflation estimates

m Stratified clustering of households may improve accuracy
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Next steps

m Stratified Cluster Aggregation Research:
» Applytechnique atitem-arealevel (control for geographicvariation)

» Applytechnique over extended time period (to estimate Torngvist index)

® Consumer Expenditure Survey Redesign:

» Need larger samplesize to stratify CPl samples by item, area, and population

» Additionofoutlet questionsplanned for 2020
— Shouldenable stratified outlet sample selection by population cohort
— Couldlinkselected outletsto specificitem reportedin CE > first stage of unique itemselection

— Allowsforsome control of within stratum heterogeneity across subgroups

B Subgroup indexes
» Reevaluate CPI-W definition and optionsforimprovement

» Reexaminesubgroup indexcalculation methodology
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Contact Information

U.S. Departr
PAVER

U.S. BUREAU OF LABOR STATISTICS -




Reference Slides
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Public transportation

Vehicle fees

Vehidle insurance

Vehicle maintenance and re pair
Vehicle parts and equipment
Gasoline

MNew and used motor vehicles
Recreational reading
Admissions and sporting fees
Other recreational goods
Photography

Sporting goods

Pets and pet products

Video and audio
Medicalegquipmenet and supplies
Medical drugs

Medical insurance

Hospital = rvices

Medical Professional services
Household operations
Housekeeping supplies

Tools, hanware, outdoor supplies
Other household equipment
Appliances

Furniture and bedding

Window and floor coverings
Wate r sewer and trash colle ction
Gas and electricity

Fueloil

Tenantsand household insurance
Owner's equivalent rent

Cther lodging

Rent

Miscellaneous personal goods
Miscellaneous personal services
Haircuts and other personal care
Tobacco products

Cigarettes

Alochol away from home
Alcohol at home

Food away from home

Food at home

Information and information processing
Telephone services

Postage and delivery services
Tuition

Educational books and supplies
lewelry and watches

Infants and toddler's apparel
Footwear

Girls apparel

Women's appare |

Boys apparel

Men's appare |

-25.0%
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Price change for CPI Expenditure Class categories

36-month price change from December 2014 to December 2017
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Descriptive statistics by cohort

Income x Social Security strata

2013-2014 Sample Statistics CPI-U CPI-W CPI-E NL NM NH SL SM
Sample size 24,049 6,140 6,416 671 3,181 1,319 648 776
Demographic variable:
One or more members age 16 or under 38.9%| 50.5% 15.6%| 38.2%| 43.7% 59.0% 8.6% 11.6%
One or more members age 64 or older 26.0% 10.5% 83.3% 14.3% 19.5% 17.1% 77.2% 89.2%
Single consumer household 32.0% 23.6%| 41.7%| 46.7% 24.9% 5.0% 75.6% 30.0%
Living in center city of metro area 32.0% 35.8% 29.3%| 40.5% 30.0% 23.7% 30.7% 21.5%
One or more owned vehicles 84.0%| 86.0%| 83.6%| 65.4%| 91.8% 96.1% 65.7%| 90.7%
Owner 58.6%| 48.6%| 77.6%| 37.3%| 67.0% 91.4% 62.5%| 87.2%
Percent of owners without mortgage 41.7% 31.7% 65.3% 58.0% 37.1% 24.4% 74.6% 71.5%
One or more members earning income 76.9%| 100.0% 42.7% 59.3% 92.1% 97.8% 6.6% 22.2%
50% or more of total income sourced from Social Security 16.9% 0.0% 50.0% 0.0% 0.0% 0.0% 100.0%| 100.0%
50% or more of total income sourced from earnings 59.0%| 100.0% 27.0% 30.0% 74.3% 83.9% 0.0% 0.0%
Income before taxes:
ql]| $21,607 | 527,223 | $18,220 | $ 3,881 | $38,000 | $117,400 | $ 11,022 | $39,724
q3| $84,000 | 572,258 | $62,928 | $14,406 | $74,343 | $190,000 | S 16,467 | $25,093
Median| $45,000 | $44,912 | $33,205 | $ 9,856 | $54,704 | $140,908 | S 13,851 | $30,398
Mean| $64,300 | $54,779 | $51,298 [ S 9,528 | $56,610 | $172,366 | $134,801 | $33,868
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Budget shares for income, Social Security strata

RENTAL EQUIVALENCE

Category NL NM NH SL SM
Adult clothing 1.2%| 1.6%| 2.1%| 1.1%| 1.0%
Children and infant clothing 0.6%| 0.4%| 0.4%| 0.1%| 0.1%
Telephone and electronics 6.8%| 6.6%| 5.3%| 6.2%| 5.5%
Tuition 2.6%| 1.9%| 4.9%| 0.3%| 0.5%
Food at home 15.7%| 11.9%| 8.8%|12.3%(10.2%
Food away from home 4.2%| 5.1%| 5.8%| 3.6%| 3.9%
Alochol and tobacco 1.8%| 1.5%| 1.3%| 1.3%| 1.0%
Shelter 35.2%|31.7%| 30.2%(39.4%| 34.5%
Household utilities 7.2%| 5.8%| 4.3%| 7.1%| 6.3%
Housefurnishings and operations 2.2%| 3.0%| 4.9%| 2.6%| 3.4%
Medical Care 5.7%| 7.6%| 7.3%]12.0%|13.9%
Entertainment and recreation 3.3%| 3.9%| 5.9%| 2.8%| 3.7%
Vehicles 3.8%| 7.0%| 8.0%| 3.2%| 6.9%
Gasoline and vehicle maintenance 8.9%[10.7%| 8.8%| 7.2%| 8.3%
Public transportation 0.9%| 1.0%| 1.8%| 0.7%| 0.9%
PAYMENT APPROACH minus RENTAL EQUIVALENCE
Category NL NM NH SL SM
Adult clothing 0.1%| 0.1%| 0.2%| 0.3%| 0.3%
Children and infant clothing 0.1%| 0.0%| 0.0%| 0.0%| 0.0%
Telephone and electronics 0.7%| 0.6%| 0.4%| 1.7%| 1.6%
Tuition 0.3%| 0.2%| 0.4%| 0.1%| 0.1%
Food at home 1.5% 1.1%| 0.6%| 3.3% 2.9%
Food away from home 0.4%| 0.5%| 0.4%| 1.0%| 1.1%
Alochol and tobacco 0.2%| 0.1%| 0.1%| 0.3%| 0.3%
Shelter -6.3%| -6.1%| -5.0%|-16.2%|-18.4%
Household utilities 0.7%| 0.5%| 0.3%| 1.9%| 1.8%
Housefurnishings and operations 0.2%| 0.3%| 0.4%| 0.7%| 1.0%
Medical Care 0.6%| 0.7%| 0.5%| 3.2%| 3.9%
Entertainment and recreation 0.3%| 0.4%| 0.4%| 0.7%| 1.0%
Vehicles 0.4%| 0.6%| 0.6%| 0.9%| 1.9%
Gasoline and vehicle maintenance 0.9%| 1.0%| 0.6%| 1.9%| 2.3%
Public transportation 0.1%| 0.1%| 0.1%| 0.2%| 0.2%
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PAYMENTS APPROACH
Category NL NM NH SL SM
Al |Adult clothing 1.4%| 1.7%| 2.3%| 1.4%| 1.3%
A2 | Children and infant clothing 0.7%| 0.5%| 0.5%| 0.2%| 0.2%
EO | Telephone and electronics 7.5%| 7.2%| 5.7%| 7.8%| 7.1%
E1 | Tuition 2.8%| 2.0%| 5.2%| 0.4%| 0.6%
F1 |Food at home 17.2%| 13.0%| 9.5%| 15.6%|13.1%
F2 |Food away from home 4.6%| 5.6%| 6:3%| 4.6%| 5.0%
F3 |Alochol and tobacco 2.0%| 1.7%| 1.4%| 1.7%| 1.2%
HO | Shelter 28.8%| 25.6%| 25.1%| 23.1%| 16.1%
H1 |Household utilities 7.9%| 6.4%| 4.7%| 9.0%| 8.1%
H2 | Housefurnishings and operations 2.4%| 3.3%| 5.3%| 3.3%| 4.3%
MO|Medical Care 6.3%| 8.3%| 7.8%|15.2%|17.8%
RO |Entertainment and recreation 3.6%| 4.3%| 6:3%| 3.5%| 4.7%
TO | Vehicles 4.2%| 7.6%| 8.6%| 4.1%| 8.9%
T1 [Gasoline and vehicle maintenance 9.8%|11.7%| 9.5%| 9.1%|10.6%
T2 |Public transportation 1.0%| 1.1%| 2.0%| 0.9%| 1.1%

NL NonSocial Security, Low Income Quintile
NM Non Social Security, Middle Income Quintiles
NH Non Social Security, High Income Quintiles
SL Social Security, Low Income Quintile

SM Social Security, Middle Income Quintiles
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Substitution bias evidence, by cohort

Laspeyres minus Torngvist 1-Month Price Change
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