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Today’s content

 Growing deed for indicators in small domains
* Accurate estimations are challenging
* Approach that utilizes information in multiple ways: HMTS
 R-package: REPS
 Applied in below statistics:
* House prices, municipalities
* Land prices
* Argiculture prices




Need for regional statistics

e Markets often show regional dynamics
 Users demand figures that represents their case
* Eurostat requests for more statistics at regional level
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Adjusting for quality in the mix of sold property is a must
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Prices have doubled between ‘95 and ‘01
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Hedonic Fisher
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Common method still
provides volatile estimations

Common methods don’t deliver accurate estimations
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New approach provides more
accurate representation of
underlying market trends

identifying trends
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What makes indices for small domains publishable?

Practical

e Stable index

* No continuous revisions

* Early detection of turning points

Methodological

* |dentity

* Time reversal

e Circularity zl




New approach: HMTS [0)::% ()

edonic imputation

ultilateral calculation Article in the Journal of
Official Statistics
Ime series re-estimation
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Step 1: Hedonic imputation

What? 0 1 2 3
Estimate prices with

0 Boio) Biio) Baio) Paio)

one base period

Pi0) = @+ Baxq + Paxa+Pnxy

Why?

[ Model
Correct for quality .
of sold real estate reporting period

Characteristics
of base period

Side effect:
ch

If observations are few and heterogeneous: =
inaccurate estimations




Step 2: Multilateral calculations

What? 0 . 5 2

Estimate prices with

- 0 Poioy B0y Baioy Paoy
all possible base periods E ) Borw i P B

E 2 Poiz) Pi(z) Paiz) Pa(z)
Why? 3 lﬁn(sj 151{3] ﬁz[s] ﬁa(s}
Limit the importance
of the first period
Side effect: b
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Revision after adding one period =
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Step 3: Time series re-estimation

Reporting period

What?
0 1 2 3

Improve estlmatlons K Poe Pio . .
with Kalman filter (smoothen) i | — = — —

E_ Pory Pirny Pzray Pary

E 2 Boiz) Di(2) Baizy Baizy
Why? 3 Bots) Bis) Bacs) Baco
Previous estimations contain
transaction noise

C
e, C0
Side effect: ;
- D =k

Revision after adding one period o =
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Stap 4: Splice

0 1 2
What? 0 Iooc0) Ig1(0) Ig200)
Use estimations 1 oo Ioaq) o201
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3
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Why?

Final JMHIT-3 [MHIT-3 [MHIT-3
: 0.0 0.4 0.2
index

Limit revisions| of all

periods to just a few periods

Side effect:
Index does not formally pass all methodological tests
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Earlier detection of turning points

HMTS
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HMTS not subject to drift
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HMTS not subject to drift
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Smaller error margins
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Use of HMTS in official statistics

e House price indices for municipalities
e Land price indices
 Agriculture price indices

Soon:
e Commercial real estate price indices




Calculation with R-package REPS

 REPS: Real Estate Price Statistics

e Published by CBS on CRAN

e Calculates multiple methods

* Calculates diagnostics, necessary to assess model quality
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Calculation with R-package REPS

@] REPS scriptR ~["] Environment History Connections Tutorial =
= A SourceonSave | G A7+l [ #Run | *# +* Source | = £ [ | 2 Import Dataset ~ 246 M8 - | & List » | (5=
1 . . o . o R - 7k Global Erviranment =
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 a E
4 ## To calculate indices, replace test data for real data and run below functions! ©Th1_data 7800 obs. of 6 variables
- ” R m ©Th1_diagnostics 52 obs. of 6 variables
Install and load package - . . S
install.packages ("REPS") O Thl_indices List of 7
Tibrary(REPS)
1@ # Show package information § i .
1 Files Plots Packages Help Viewer Presentation -
1 @ D 0|8
14 Tb%fzataa:aREPS: -data_constraxion R: REPS: Hedonic and Multilateral Index Methods for Real Estate... = Find in Topic

15 L REPS-package [REPS) R Documentation
16 # Calculate price indices

7 Tbhl_indices = REPS::calculate_price_index( . . .
18 method = c("fisher”,"hmts", "Taspeyres”, "paasche”, "repricing”, "timedummy", “rolling_timedummy"), REPS: Hedonic and Multilateral Index Methods for Real Estate Price

19 dataset = Thl_data, .
20 period_variable = "period"”, Statistics
21 dependent_variable = "price"”,
22 numerical_variables = c("floor_area", "dist_trainstation™), D inti
23 categorical_variables = c("neighbourhood_code", "dummy_large_city"), escription
5‘51 ;ng;?nggfgggéssa%oﬁglf &ALSE Compute price indices using various Hedonic and multilateral methods, including Laspeyres, Paasche, Fisher, and HMTS (Hedonic
- - - Multilateral Time series re-estimation with splicing). The central function calculate_price_index() offers a unified interface for running these

29 ) methods on structured datasets. This package is designed to support index construction workflows across a wide range of domains —

o ) o including but not limited to real estate — where quality-adjusted price comparisons over time are essential. The development of this
28 # Plot price indices package was funded by Eurostat and Statistics Netherlands (CBS), and carried out by Statistics Netherlands. The HMTS method
29 REPS5::plot_price_index(Th1_indices) implemented here is described in Ishaak, Ouwehand and Remey (2024) doi:10.1177/0282423X241248617. For broader methodological
30 context, see Eurostat (2013, ISBN:978-92-79-258984-5, doi:10.2785/34007)

31 # calculate regression diagnostics
32 Thl_diagnostics = REPS::calculate_regression_diagnostics(
33 dataset = Thl_data,

Author(s)

Maintainer: Vivek Gajadhar v.gajadhar@cbs.nl

34 period_variable = "period”,

35 dependent_variable = "price"”,

36 numerical_variables = c("floor_area"”, "dist_trainstation"), Authors:

- B : T e wom P

3:?’ , categorical_variables = c("neighbourhood_code", "dummy_large_city") « Farley Ishaak
& . . . « Pim Ouwehand
40 # Plot regression diagnostics

41 REPS::plot_regression_diagnostics(Tbl_diagnostics) « David Pietersz
42 # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane

43 o + LiuNuo Su
431 | (Top Level) = R Seript & « Cynthia Cao
Console  Terminal Background Jobs = « Mohammed Kardal

Lo RS - Odens van der Zwan

See Also .




Calculation with R-package REPS

© ] REPS scriptR [  Environment History Connections Tutorial =0
= SourceonSave | G A7+l [ #Run | *# +* Source | = £ [ | 2 Import Dataset ~ 246 M8 - | & List » | (5=

1 . . o . o R - 7k Global Erviranment =

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 a E

4 ## To calculate indices, replace test data for real data and run below functions! ©Th1_data 7800 obs. of 6 variables

g . . 4 load . ©Th1_diagnostics 52 obs. of 6 variables

Install and load package - . . S

7 install.packages("REPS") O Thl_indices List of 7

8 Tlibrary(REPS)

9

10 # Show package information § i .

11 2pEPS Files Plots Packages Help Viewer Presentation =l

1 @ D 0|8

i ib%ﬁggtgazaREPS: -data_constraxion R: REPS: Hedonic and Multilateral Index Methods for Real Estate... = Find in Topic

1 - — P REPS-package (REPS} R Documentation

16 # Calculate price indices

7 Tbhl_indices = REPS::calculate_price_index( . . .
}3 Tthud = cigizher","hmts", "laspeyres”, "paasche”, "repricing”, "timedummy”, "rolling_timedummy™), REPS: Hedonic and Multilateral Index Methods for Real Estate Price
ataset = Tbl_data,

20 period_variable = "period"”, Statistics

21 dependent_variable = "price"”,

22 numerical_variables = c("floor_area", "dist_trainstation™), Description

23 categorical_variables = c("neighbourhood_code", "dummy_large_city"), P

5‘51 gﬁxﬁ;ﬁnf,i’gggéﬁa&oﬁglz &ALSE Compute price indices using various Hedonic and multilateral methods. including Laspeyres, Paasche, Fisher, and HMTS (Hedonic

% ) - - Multilateral Time series re-estimation with splicing). The central function calculate_price_index() offers a unified interface for running these
2 methods on structured datasets. This package is designed to support index construction workflows across a wide range of domains —
o ) o including but not limited to real estate — where quality-adjusted price comparisons over time are essential. The development of this

28 # Plot price indices package was funded by Eurostat and Statistics Netherlands (CBS), and carried out by Statistics Netherlands. The HMTS method

29 REPS::plot_price_index(Tb1_indices) implemented here is described in Ishaak, Ouwehand and Remey (2024) doi:10.1177/0282423X241248617. For broader methodological

30 context, see Eurostat (2013, ISBN:978-92-79-258984-5, doi:10.2785/34007)

31 # calculate regression diagnostics

32 Thl_diagnostics = REPS::calculate_regression_diagnostics( Author(s)

33 dataset = Thl_data,

34 period_variable = "period”, Maintainer: Vivek Gajadhar v.gajadhar@cbs.nl

35 dependent_variable = "price"”,

36 numerical_variables = c("floor_area", "dist_trainstation™), Authors:

3; , categorical_variables = c("neighbourhood_code", "dummy_large_city") « Farley Ishaak

39 « Pim Cuwehand

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

David Pietersz

43 . o + LiuNuo Su

431 | (Top Level) = R Seript & « Cynthia Cao
Console  Terminal Background Jobs =0 « Mohammed Kardal
R -R243 .~/

Odens van der Zwan

See Also




Calculation with R-package REPS

7] REPS scriptR =[]  Environment History Connections Tutorial =
&= F SourceonSave | G A7 ~| #Run | *# #Source ~| = 2 [ | E* Import Dataset ~ 246 Mg - | & List ~ | (5~
1 . . o . o R - 7k Global Erviranment =
2 ## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).
3 ## The package contains test data, which below script uses. [?ata E
4 ## To calculate indices, replace test data for real data and run below functions! ©Thl_data 7800 obs. of & variables
é . 1 d Toad K © Thl_diagnestics 52 obs. of 6 variables
Install and Tload package e . R -
7 install.packages("REPS™) @ Tb1_indices List of 7
8 Tlibrary(REPS)
9
10 # Show package information 3 5 .
11 7REPS Files Plots Packages Help Viewer Presentation |
12 4m A zoom | Hexport - O | & ‘S Publish ~
13 # Load data
14 Tbl_data = REPS::data_constraxion
1 — Price Index Comparison
1@ # Calculate price indices
1 Tbl_indices = REPS::calculate_price_index(
1 method = c("fisher”,"hmts", "laspeyres™, "paasche"”, "repricing”, "timedummy”, "rolling_timedummy"),
1 dataset = Thl_data, -«
2 period_variable = "period”, o
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
o
2q > =}
3 -
2@ # Plot price indices
2 REPS: :plot_price_index(Th1_indices)
3 >
31 # Calculate regression diagnostics % .
32 Thl_diagnostics = REPS::calculate_regression_diagnostics( £ o
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") fisher
Tk ] hmts
40 # Plot regression diagnostics laspeyres
41 REPS::plot_regression_diagnostics(Th1_diagnostics) paasche
42 # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane repricing
43 » timedummy
431 | (Top Level) 3 R Script 3 Q rolling_timedummy
Console  Terminal - Background Jobs =0 T T
R -R443 . -/

@.99\ @,59\




Calculation with R-package REPS

7] REPS scriptR =[]  Environment History Connections Tutorial =
&= F Sourceon Save | O A - #Run | *# #Source ~| = 2 [ | E* Import Dataset ~ 246 Mg - | & List ~ | (5~
1 . . o . o R - 7k Global Erviranment =
2 ## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).
3 ## The package contains test data, which below script uses. [?ata E
4 ## To calculate indices, replace test data for real data and run below functions! ©Thl_data 7800 obs. of & variables
é . 1 d Toad K © Thl_diagnestics 52 obs. of 6 variables
Install and Tload package e . . S
7 install.packages("REPS™) @ Tb1_indices List of 7
8 Tlibrary(REPS)
9
ﬂ ’gégg‘" package information Files Plots Packages Help Viewer lPresemztinn =
12 @ | P Zoom | FEport - @ | § “%r Publish ~
13 # Load data B ; :
14 Tbl_data = REPS::data_constraxion ReQreSS")n Dlagnostlcs
15
16 # Calculate price indices . N . ) .
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”, =i
21 dependent_variable = "price"”, = -
22 numerical_variables = c("floor_area", "dist_trainstation™), ]
23 categorical_variables = c("neighbourhood_code", "dummy_large_city"), b=
24 reference_period = "2015",
25 number_of_observations = FALSE
26 )
7
28 # Plot price indices
29 REPS::plot_price_index(Tb1_indices)
3
3 # Calculate regression diagnostics i -
38 Thl_diagnostics = REPS::calculate_regression_diagnostics( =
3 dataset = Thl_data, -
3 period_variable = "period”, =
3 dependent_variable = "price"”, ] o
3 numerical_variables = c("floor_area", "dist_trainstation"), =
3 categorical_variables = c("neighbourhood_code™, "dummy_large_city™)
El )
3
4@ # Plot regression diagnostics
4% REPs::plot_regression_diagnostics(Thl_diagnostics)
AW # N.B. in case of an error regarding 'figure margins': increase the size of the plot pane
4
431 | (Top Level) 2 R Script 3
Console  Terminal Background Jobs =

R -R443 - -/




Calculation with R-package REPS

Price Index Comparison

## This script demonstrates the possibilities of the package REPS (Real Estate Price Statistics).
## Below script uses test data that is included in the package. 24
## To calculate indices, replace test data for real data and run below functions!

# Install and load package | Show package information
install.packages("REPS") g4

library(REPS) A
?REPS § :
i ./\'t/
I i |
# Load data 84 3

Tbl_data = REPS::data_constraxion

# Calculate price indices

Sahec
Tbl_indices = REPS::calculate_hedonic_index( method = ¢("fisher","hmts", "laspeyres", "paasche", "repricing", 81 . m«;m
"timedummy", "rolling_timedummy"), e :-::

— timadummy

dataset = Thl_data, J e
period_variable = "period",

dependent_variable = "price", e rd & P & & & & & P & & &
numerical_variables = c("floor_area", "dist_trainstation"),
categorical_variables = c("neighbourhood_code", "dummy_large_city"), R Regresson Dagrostes I

reference_period = "2015", i
/\

AT A M ’
LAY AN
; \"Jj \?‘ \ f\ // I

# Plot price indices U ._..___..n.,......
REPS::plot_price_index(Tbl_indices) f IA A i |\I
s ll 7Y ¥ 1 J

number_of_observations = FALSE,
periods_in_year =4,
number_preliminary_periods = 3,
window_length = 5)

# Calculate regression diagnostics o LA LA \

Tbl_diagnostics = REPS::calculate_regression_diagnostics( dataset = Thl_data, E \\/ j : ' \_ ./ \ | 3 \/‘ \f W) | \L
period_variable = "period", — ———
dependent_variable = "price", ' i S o S E
numerical_variables = c("floor_area", "dist_trainstation"), i A

categorical_variables = c("neighbourhood_code", "dummy_large_city")) N \ \ /\/\ / \ \ /‘ S / 1A ﬂ\ #
AR Wi
# Plot regression diagnostics '\ V\J \jf ‘.J \ "’ \V /\f U H.J \/ j \ 25

REPS::plot_regression_diagnostics(Tbl_diagnostics) ==

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



Conclusions

e HTMS balances all needs for official statistics

e HMTS is already used for house prices, land prices and
agriculture prices and will soon be used for commercial real

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




Questions?

dr. Farley Ishaak

ff.ishaak@cbs.nl
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