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What makes a CPPI publishable?

Practical
Stability .
Limited revisions ¢ Stable Index
Turning points * No continuous revisions
Identity * Early detection of turning points
Time reversal
Circularity .
Methodological
cb) - Identity
% * Time reversal
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What do we want?

Identity

If the prices in period A and B are equal, then the
price estimations of period A and B should be equal

too.

Time reversal

The development between A and B is the opposite of
the development between B and A.

Circularity

An accumulation of the developments between
periods A and B and periods B and C is equal to the
direct development between A and C.
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0%
@) @)
€100 €100



Method: 4 steps

edonic imputation
ultilateral calculation

Stability
Limited revisions

Turning points

Identity

Time reversal

Ime series re-estimation
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Step 1: Hedonic imputation

What?
. . . 0 1 2 3
Estimate prices with . i i i
. 0 Paogoy Pioy Paioy Paioy
one base period 3
:
Why? g Proy = @+ Baxq + Paxa*Baxn
Correct for quality of sold real estate odel
estimations of
reporting period

Characteristics

Side effect: of base period

If observations are few and heterogeneous:
inaccurate estimations



Step 2: Multilateral calculations

What?
ili . . (1] 1 2 3
f_ta"_’t'";" - Estimate prices
imited revisions ] . 0 Boro) Bror o) Paco)
Turning points with all possible : : ,. ﬁ
base perIOdS 1 Pai1y Pi(1) P21y Paiiy
Identity 2 Poiz) P2 Baiz) Parz)
Time reversal 5 3 Pos) Piga) Ba(a) Ba(a)
Circularity Why *
Limit the importance of the first period
Els
E Side effect:

Revision after adding one period
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Step 3: Time series re-estimation
What?

. . 0 1 2 3
Improve estimations ; — . — —
. . Poro Piro Pzrao Pzio
with Kalman filter . - - O
Pora P11 Paii Pz
(smoothen) Y - i >
2 Poizy Piz D22y Paizy
3 ;9_1;;.;; '.'31(3} ;J:;E;; Paim
Why?
Previous estimations contain transaction noise
C
AQ
Side effect: B© é
Revision after adding one period D o



Stap 4: Splice

Reporting period

0 1 2 3 4 5
What? 0 Ig000) Iyaq {o2(0)
Stability ) ; ! foo) T Toaq) losq)
e Use estimations 2 | hey | ko | haw | k@ | s
Turning points within a window ’ R fos fosco
4 Ipaa losca)
5 Iy s

fime e BET | g | oREm | AgT | gy | e
Time reversal Why? e :

Circularity

Em
E Side effect:

Index does not formally pass all methodological tests

Limit revisions of all periods to just a few periods
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Data

* Offices

* 2008 - 2022

* 150-1.100 transactions per quarter
* Hedonic model:

Ln(price) = In(floor area) +
neighbourhood segment +
large city dummy +
building age +
distance to train station
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HMTS introduces stability

110

100

a0

70

50

30

HM uses multiple base HMT corrects for transaction

periods opposed to step 1 noise opposed to step 2 \

Median index is highly volatile and
has no quallity correction N

Hedonic imputation corrects for
quality opposed to the median index HMTS is no longer subject to revison of
the entire series opposed to step 3

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022



Smaller error margins

120
Stability
Limited revisions 00

On average, the HMTS
confidence intervals are smaller

than those of other indices \

Turning points

90
Identity

80
Time reversal
Circularity 70
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Few revisions are required

70

65

60

55

50

Final
estimation

3rd
estimation

l

Average
adjustment
compared to 0.03
final estimation
in index points
Q1 Q2 Q3

2014

lst
estimation
znd

estimation The 3" estimation

indicates the turning
point

revision

: 0.82 ?

0.29 .
The series-ends . .
d with th Estimations 1 and 2
correspona wi © still indicate a decrease

calculation period

v

04 Q1 Q2 Q3 Q4 Q1 Q2
2015 2016



Earlier detection of turning points

15%

Stability

. . e 10%
Limited revisions

Turning points

5%
. HMTS I Fisher HDI
Identity 0%

Time reversal
Circularity 5%

=[5 N

-20%
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Slower response to data

120

HMTS very slowly returns

Fisher HDI immediately to original state

110 returns to original state \’

Stability w e S ——

Limited revisions

Turning points %0

Identity 50
Time reversal

70

Circularity

E h From 2020 onwards,
=0 the data is notionally
equal to that of the

starting point in
2008

60

40
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Price trend seems time reversible

180

Stability 170

Limited revisions

With a 4-window splice,
the time reversed HMTS index

deviates from
the original index

Without splice, the HMT
index is time reversable
up to 7 decimals

160
Turning points

150
Identity 40
Time reversal
Circularity 130
120

[Eg[l:] 110
Egééégi 100

90
2008 2015 2022 2008 2015 2022
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Price trend seems circular

180
o 170
Stability
HLD 2 B e 160 At the start of the series,
Tu rning points the levels and developments
150 slightly differ
Identity 140
Time reversal
. . 130
Circularity
120

As the series progress,
the levels and developments
are comparable

Elm
E Each simulation
100 starts a year later

90
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120

100

90

80

Index number

70

[n]
CTn

60

U

50

2008

HMTS is stable
and shows no drift

RTD starts to drift in a period
with lowest numbers

v

2013

HMTS not subject to drift

RTD's volatility is similar to
that of the Fisher index

~

The Fisher index is used as
reference since it has no drift

2022
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R-package REPS

D] REPS scriptR =l
= - Source on Save | 4 7 - ®Run | "% 1 Source ~
1
2 ## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).
3 ## The package contains test data, which below script uses.
4 ## To calculate indices, replace test data for real data and run below functions!
# Install and load package
install.packages ("REPS")
Tibrary(REPS)
1@ # show package information
1 7REPS
1
1§ # Load data
14 Thl _data = REPS::data constraxion
1%
16 # Calculate price indices
7 Thl_indices = REPS::calculate_price_index(
18 method = c("fisher”,"hmts", "laspeyres™, "paasche", "repricing”, "timedummy", "rolling_timedummy"),
19 dataset = Thl_data,
20 period_variable = "period",
21 dependent_variable = "price",
22 numerical_variables = c("floor_area", "dist_trainstation"),
23 categorical_variables = c("neighbourhood_code", "dummy_large_city"),
24 reference_period = "2015",
25 number_of_observations = FALSE
26 )
7
28 # Plot price indices
29 REPS::plot_price_index(Th1_indices)
30
31 # Calculate regression diagnostics
32 Thl_diagnostics = REPS::calculate_regression_diagnostics(
33 dataset = Thl_data,
34 period_variable = "period",
35 dependent_variable = "price",
36 numerical_variables = c("floor_area", "dist_trainstation"),
7 categorical_variables = c("neighbourhood_code", "dummy_large_city")
38 )
39
40 # Plot regression diagnostics
41 REPS::plot_regression_diagnostics(Th1_diagnostics)
42 # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane
43 o »
431 | (Top Level) = R Script 2
Console  Terminal Background Jobs =

R - R443 - ~/

Environment  History  Connections  Tutorial

£ [ | B2 Import Dataset - u6MiE - | &

R - 1 Global Environment =

Data

O Tbl_data 7800 obs. of 6 variables
O Thl_diagnostics 52 obs. of 6 variables
©Tbl_indices List of 7

Files Plots Packages Help Viewer Presentation

& o G

R: REPS: Hedonic and Multilateral Index Methods for Real Estate... »  find in Topic

List =

=0

=0



R-package REPS

D] REPS scriptR =l
= Source on Save | 4 7 - ®Run | "% {* Source ~| =

1

2 ## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).

3 ## The package contains test data, which below script uses.

4 ## To calculate indices, replace test data for real data and run below functions!

5

6 # Install and Toad package

7 install.packages ("REPS")

8 Tibrary(REPS)

9

10 # show package information

11 7REPS

12

13 # Load data

14 Thl data = REPS::data constraxion

1

1@ # Calculate price indices

1 Thl_indices = REPS::calculate_price_index(

1 method = c("fisher”,"hmts", "laspeyres™, "paasche", "repricing”, "timedummy", "rolling_timedummy"),
1 dataset = Thl_data,

2 period_variable = "period",

2 dependent_variable = "price",

2 numerical_variables = c("floor_area", "dist_trainstation"),

2 categorical_variables = c("neighbourhood_code", "dummy_large_city"),

2 reference_period = "2015",

2 number_of_observations = FALSE

QD

2

28 # Plot price indices

2 REPS: :plot_price_index(Th1l_indices)

3

31 # Calculate regression diagnostics

32 Thl_diagnostics = REPS::calculate_regression_diagnostics(

33 dataset = Thl_data,

34 period_variable = "period",

35 dependent_variable = "price",

36 numerical_variables = c("floor_area", "dist_trainstation"),

7 categorical_variables = c("neighbourhood_code", "dummy_large_city")

38 )

39

40 # Plot regression diagnostics

41 REPS::plot_regression_diagnostics(Th1_diagnostics)

42 # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane

43 o »
431 | (Top Level) = R Script =
Console  Terminal Background Jobs =
R - R443 -/~

Environment  History

t7 [ | E* Import Dataset -

Connections

Tutorial

246 MiB ~ ?’

R - 1 Global Environment =

Data

O Thli_data 7800 obs. of 6 variables
bl_diagnostics 52 obs. of 6 variables

@ Tbl_indices List of 7

Files Plots Packages Help Viewer Presentation

¢ P Zoom | Dot - |0
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R-package REPS

D] REPS scriptR —["]  Environment History Connections Tutorial o
= Source on Save | G4 7 - #Run | " 1 Source = + [ | E* Import Dataset ~ u6MiE - | & List = | (&~
1 ) ) I X . R - | 17k Global Environment ~
2 ## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics). T
3 ## The package contains test data, which below script uses. _a 2 .
4 ## To calculate indices, replace test data for real data and run below functions! ©Thl_data 7800 obs. of 6 variables
; . " 4 Toad v O Thl_diagnostics 52 obs. of 6 variables
# Install and Toad package . . S
7 install.packages("REPS™) @ Tbl_indices List of 7
8 Tibrary(REPS)
9
10 # show package information
11  7REPS Files Plots Packages Help Viewer Presentation =l
12 W > | P Zoom | Bexport - | Q1| & 4% Publish ~
13 # Load data . . .
14 Tbl_data = REPS: :data_constraxion Regression Diagnostics
15
16 # Calculate price indices . B . . .
7 Thl_indices = REPS::calculate_price index( Normality (p-value Shapiro-Wilk) Linearity (Adjusted R-squared)
18 method = c("fisher”,"hmts", "laspeyres™, "paasche", "repricing”, "timedummy", "rolling_timedummy"),
19 dataset = Thl_data, o
20 period_variable = "period", =
21 dependent_variable = "price", -
22 numerical_variables = c("floor_area", "dist_trainstation"), =
23 categorical_variables = c("neighbourhood_code", "dummy_large_city"),
24 reference_period = "2015",
25 number_of_observations = FALSE
26 )
7
28 # Plot price indices
29 REPS::plot_price_index(Th1_indices)
==,
3§ # Calculate regression diagnostics =
38 Thl_diagnostics = REPS::calculate_regression_diagnostics(
3 dataset = Thl_data, =
3 period_variable = "period",
3 dependent_variable = "price", =
3 numerical_variables = c("floor_area", "dist_trainstation"),
3 categorical_variables = c("neighbourhood_code", "dummy_large_city")
3q D
3
4@ # Plot regression diagnostics
48 REPS::plot_regression_diagnostics(Th1_diagnostics)
48 # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane
4
431 | (Top Level) = R Script =
Console  Terminal Background Jobs =

R - R443 - ~/




Use of HMTS in official statistics

House prices are rising the most in Winterswijk Prices of new-build plots continued torise in 2024

February 11, 2026, 6:30 AM March 31, 2025, 6:30 AM

Price development of existing owner-occupied homes, 4th quarter 2025 1= o L
Price index for new building plots

2020=100
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%

Price development of new construction plots
Bron: CES, Kadaster % change compared to a year earlier

. 15
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Geen data
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CBS HPI news article CBS building plot news article

Bron: (BS, Kadaster


https://www.cbs.nl/nl-nl/nieuws/2026/07/huizenprijzen-stijgen-het-sterkst-in-winterswijk
https://www.cbs.nl/nl-nl/nieuws/2025/14/prijzen-nieuwbouwkavels-stegen-verder-door-in-2024
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Conclusions

« HTMS balances all needs for official statistics

* HMTS is already used for official municipal HPIs and
will soon be used for official CPPIs

* However, method could be difficult to implement
* Therefore, our REPS package is published on CRAN

22



Arigato

dr. Farley Ishaak
ff.ishaak@cbs.nl
linkedin.com/in/farleyishaak/
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REPS example code

## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).
## The package contains test data, which below script uses.
## To calculate indices, replace test data for real data and run below functions!

# Install and load package
install.packages("REPS")
library(REPS)

# Show package information
?REPS

# Load data
Tbl_data = REPS::data_constraxion

# Calculate price indices
Thl_indices = REPS::calculate_price_index( method = c("fisher","hmts", "laspeyres", "paasche", "repricing", "timedummy", "rolling_timedummy"),
dataset = Thl_data,
period_variable = "period",
dependent_variable = "price",
numerical_variables = c("floor_area", "dist_trainstation"),
categorical_variables = ¢("neighbourhood_code", "dummy_large_city"),
reference_period = "2015",
number_of_observations = FALSE)

# Plot price indices
REPS::plot_price_index(Tbl_indices)

# Calculate regression diagnostics
Thl_diagnostics = REPS::calculate_regression_diagnostics( dataset = Thl_data,
period_variable = "period",
dependent_variable = "price",
numerical_variables = c("floor_area", "dist_trainstation"),
categorical_variables = ¢("neighbourhood_code", "dummy_large_city"))

# Plot regression diagnostics
REPS::plot_regression_diagnostics(Tbl_diagnostics)
# N.B. in case of an error regarding 'figure margins': increase the size of the plot pane

24



	Constructing �Limited-Revisable �and Stable CPPIs �for Small Domains
	What makes a CPPI publishable?
	What do we want?
	Method: 4 steps
	Step 1: Hedonic imputation
	Step 2: Multilateral calculations
	Step 3: Time series re-estimation
	Stap 4: Splice
	Data
	HMTS introduces stability
	Smaller error margins
	Few revisions are required
	Earlier detection of turning points
	Slower response to data
	Price trend seems time reversible
	Price trend seems circular
	HMTS not subject to drift
	R-package REPS 
	R-package REPS 
	R-package REPS 
	Use of HMTS in official statistics
	Conclusions
	Arigatō
	REPS example code

