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Abstract

There is a wid. mre .d co .sensus that the national statistics on inflation
were manipulat :d by t.. .rgentinean government from 2006 to 2015. The
best known t o1 . > run a forensic analysis of this claim is to check for the
validity of Renford’s .aw in the data series. We find that indeed, the
inflation or t at period fails to satisfy this statistical regularity. We
further co. ~are this behavior to that of Argentina’s inflation series for
the s .me ~erioa but recorded independently of the government; to that
of t.. ns .ione records of 1943-2006, as well as to historical series of other
¢~ tries. 77 e find again that Argentina in 2006-2015 is the only one in our
sample v at can be singled out as candidate for statistical manipulation.

Alte aative hypotheses for why the inflation series failed to satisfy
Benford’s law can be formulated. One is that, it may be due to rounding
pric level figures to the significant digits. Or that it is due to changes

che base years which leads to splicing different series of general level
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of prices. We consider these alternative hypotheses and run simu ~tior 3
to assess them. We find that, independently of these possible ¢l nges ..
the underlying series of prices, the ensuing series of its variatio=~ i.e. [“e
series of inflation rates, always satisfies Benford’s law. The’ :fore .. ~=2n
claim that, indeed, inflation data was tampered with in Arge. = 1a for an

entire decade.

Keywords: Benford’s Law; data tampering; inflation: pi. ~ ¢~ (es.

1 Introduction

The inflation index produced by INDEC (Natic. »l Ins itute of Statistics and
Census of Argentina) from 2006 to 2015 are wi~lv believed to have been ma-
nipulated by the Executive in order to do" .uiay wue actual magnitude of price
increases [6], [2], [8]. Recent studies show that .. ~ak democracies (as Argentina
at that period) tend to manipulate oti v r ac.oeconomic variables mostly as
a promotional tool of the incumbe * gove mment [7]. Inflation in a country
with a history of price instability seei s, .~ this sense, a perfect candidate for
manipulation.

The goal of this paper is to assess .“e soundness of this claim, by resorting
to a well-known strategy, na- ... - checking the validity of Benford’s law in both
the price index and the ir 1ation s ries. Furthermore, we compare the results
obtained in that study v ith tun. ~e for series reported by an independent source
(www.inflacionverdr ters .cort). We find that the INDEC 1943-2017 inflation
series fails to satisfv Ben. ~d’ law, while the shorter 1943-2006 INDEC series
and that of Infla .. nVerdadera.com agree with it.

To ensure the robusti.z2ss of our results we perform a similar analysis for
the same serie . in « ther countries. Besides the US data (as representative of a
developed econc. v), we consider Chile (a neighbor country of Argentina with
similar de’ cee f development), and Venezuela and Zimbabwe (countries expe-
riencing, 1.. ~ Args atina, high and very high inflationary processes). The idea
is to rieck wheuner the results of analyzing the INDEC data series does not
revea, some h dden property of inflation indexes in either the general case, in
mi- 'le-1.. _.ue countries or in high inflation economies. Our test allows us to
13ject the null hypothesis of the validity of Benford’s law only in the case of the
INTEC 1943-2017 series . We can thus discard the idea that there is something

<. ported by the joint MIT Sloan and Harvard Business School Billion Prices project.




in inflation series in general that precludes them to satisfy Benfor ’s 17 w. On
the other hand, series of price indexes seem to be much less prone - sati.™ this
regularity.

Then, we consider two alternative hypotheses, other thar che ‘.axn.ulation
of the series, for the failure of inflation in satisfying Benford’s 1o, - One is that
rounding to significant digits, a usual procedure to simr »lify tl » reporting of
the series, might distort its properties. The other is tha splici’ g price index
series corresponding to different base years introduces a aistortion in the derived
inflation series which fail to satisfy Benford’s law.

In order to discard these alternatives we resor. *o i...ning simulations of
both price and the derived inflation series, in the prese 1ce of either rounding
and splicing. The results, again, lead us tc vejec. *F . possibility that either
of those hypotheses may explain the failure of Be.."~rd’s law in the case of the
INDEC series. The plan of the paper is as “~llows. Section 2 briefly discusses

c

Benford’s law and its uses in “statistice” “~rensics . Section 3 presents the data
and their properties. Section 4 runs the ¢ aparison with inflation series from
alternative sources, different periods .. co1. 2sponding to other countries. Sec-
tion 5 discusses the simulations that ai.»w us to show, in abstract terms, that
inflation-like series satisfy Benfora . 'aw and that splicing and rounding do not

affect these properties. Section 6 concludes.

2 Benford’s law a.~d fraud investigation

Benford’s “law” is a c.. ‘r. abs at the frequency distribution of first (or most
significant) digits i - the dec..nal expansion of the numbers in most numerical
databases. More precisc’ for any digit d € {1,2,...,9} the probability of being
the leading dig’. 15 2

P(d) = Togyo(1 + )

which can . xte’ ded to the probability of any string of length n of digits drawn
from "u,...,9} as long as the first digit is # 0. By a slight abuse of language,
such . tring cz 1 be seen as a natural number s,. Then, the probability of s,

is ' ,10le o 5)3 While there are series that do not satisfy this property, an

2This ¢ a be extended to any numerical base, just replacing 10 by the new base.
" n- ticular interest for our simulations in Section 4 is the case of Benford’s law in two
dioits, i.e. when s, € {10,...,99}.




interesting result is that scale invariance of a series (i.e. that are ‘ot s .fected
by changes in the unit of measurement) implies that it verifies Z~nfor '~ law
[10]. This is particularly interesting in the case of inflation ser’  tha. 1o not
depend on the monetary unit in which prices are expressed. & mile 1y .  spliced
price series, which differ in some scale. Even series that are noy  -ale invariant
may satisfy Benford’s law. On the other hand, series in which -uncation and
rounding have been applied tend to fail to satisfy it [11] ,*l. But other than in
those cases, the validity of the law is pervasive. Tt us, it has been used as a
general principle to check for fraud and manipulatio. " dat: [13] [9].

Many interesting analyses of fraud have been . ' o.. scientific data ([4]),
accounting data ([5]) and, closer to our own work, maci »economic data ([12]).
The procedure is basically the same, indepen 'ent1, ~f.ae source of data. Here
we explain it for the case of a single digit, but as in. ~ated in Footnote 2, can be
easily extended to any number of digits. Fo. ~ach series, it starts by finding the
actual distribution of digits, which yie' '~ far each d € {1,...,9}, a frequency
Ag. On the other hand, recall that P(d) re »r sents the probability of d according

to Benford’s law. Then, if the size o. . » sei 2s is m we compute:

5 — iy — P(d))?
A= I )

to obtain the x? statistice which allows us to reject the hypothesis that the
series satisfies Benford’s law . ~d t} as infer a possible manipulation of data. On
the other hand, if this ! ypo’ hesis cannot be rejected we can keep assuming that

the series behaves acco. ' 1g tc Benford’s law.

3 Data

The sources . “ata used in this work can be summarized in two parts.
First, dat. or Argentinean inflation, for which we take the official data
from INL™C" (w nthly inflation in the 1943-2017 period) as well as from
inflar ._averu Jera.com.’

O\ the oti =r hand, we use series of other countries as control. As indicated

in the 1.~~~ .ction, we consider the inflation series of the USA, Chile, Venezuela

4Whicw. can be found in https://www.indec.gob.ar/. Price series are reported with two
s. -nificant gits while inflation series only with one.
=+~ ,/www.inflacionverdadera.com/argentina/. This site recorded independent mea-
-~aments of inflation in Argentina to replace the suspected INDEC data. It ended its run on
A sentinean data in February 2018. This series can now be found in www.pricestats.com.




and Zimbawbe, all of them in annual terms for the period 1980-207 + w’ «ch we
get from the World Bank database®.

In figure 1 we depict the two time series of inflation from Ar- _ -tina. "Ve can
see the discrepancy between the official inflation reported bs INT &, and the
independent measures of [2]. The latter diverges from the forn. » only in the
data from 2007 to 2015 7. This difference disappears in 20" 6. Thi. indicates that
during the period of interest INDEC may have systemat ~ally v .derestimated
the inflationary process.

In figure 2 we present our control cases. We car <« tha they reflect very
different inflationary experiences, ranging from very . “ablc Zuw inflations to cases

with very high and even hyperinflation.
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Figure 1: Inflation in Argentina

Tables 1 t}coug 1 4 present the results of running the x? test to the series
from Argentine - ader the null hypothesis of the validity of Benford’s law.
The differ .nce among these tables resides in the subsamples we choose in
order to a. ™ _ve y.ore robustness. We run the analysis for both the monthly
series .« che ge.eral level of prices and inflation. Table 5 repeats this pro-
cedur * for the countries selected as controls, although the series are instead

-1

anral,

results were obtained by using two R packages, Benford’s.analysis

6http :, 'databank.worldbank.org/data/reports.aspx?source=world-development-indicators
"We us monthly instead of annual inflation since otherwise we would have very few data-
poinu. . _presenting the suspicious period
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Figure 2: Inflation in contro. countries

(https://CRAN.R-project.org/pac e ==b nford’s.analysis) and Ben-
ford’sTests (https://CRAN.R-proiect. srg/package=Benford’sTests).

We run the exercise for Argen,~a under different time windows in order
to check the satisfaction of Benford’s law in different periods, both including
and excluding the period 1 ader s spicion. Besides checking the entire run of
values with and without . ~ peri .d under suspicion, we include two highly
relevant periods [3]. C.e goes nom 1990 to 2017. 1990 was the last year in
which Argentina expe. v ed ! yperinflation and can be seen the start of the
last historical peric 1 in the _ iflationary history of the country, down from the
high and hyper i .flati. ~ experienced in the 1970s and 1980s. The idea is to
discard the pos .u. 'ty that violations to Benford’s law are due to the high levels
of inflation (s. met’ nes in the hundreds per month!), in which the first significant
digit seeme . irrele, nt. In response to the last hyperinflation, convertibility of
the curre .cy ¢ 1 ‘rgentinean peso = 1 US dollar was enacted, which lasted
until 2001, ‘W +# e this convertibility period as another particular time window
in ou analys *, in which very low levels of inflation were also sometimes under
suspic. *n. In .l cases we run the y? test to see if the null hypothesis of Benford’s
- w in one digit can be rejected. We do that both using the price index and the
¢ rived n onthly inflation rate.

1ue main result is that, unlike the case of the control countries, the null




hypothesis can be rejected when testing for inflation on INDEC d: a a’ 5% in
all cases except for 1943-2006, while the inflacionverdadera.c. ~ seric = does
not reject the validity of Benford’s law at any period under ar ” -sis. .. 'nning
the same exercise in the case of the control countries we fi-.d t}at . snford’s
law cannot be rejected in any case, except Zimbabwe at 5% (u.* not at 1%),
another country that experienced a hyperinflation.

On the other hand, the price index series for both INDEC and
inflacionverdadera.com reject the null hypothesi.. Clase to rejection are
also the price series in Chile and Zimbawe. This car. b~ seen in Table 5.

Finally Table 6, summarizes all this informat.. ~ w....e for each possible
source and series we mark with X the rejectior of the ni 1l hypothesis and with
v if Benford’s law is statistically acceptable On “e other hand, we include
another expression, namely X* to denote that the . *ection depends on the level
of significance selected. The latter case allu. < us to point out when rejections
(or acceptances) of the null hypothesis -~ weake..

We can see that the INDEC inflation . ~r es differs from those of other coun-
tries as well as from the series reco. .. by independent sources. Clearly the
tampering of data by political officers iy the prime suspect, but the rejection in
the case of price series, may indicaw. *hat vhere might exist another explanation.
In particular that standard bookkeeping operations, like rounding and splicing
may have induced the rejer 1on 0. Benford’s null hypothesis. The next section

is devoted to analyze this |, -sibili’ ;.

Arge .tina (1943-2017) ‘ X2 ‘ p-value

price . e  infl] cionverdadera | 514.42 < 2.2e-16
_ pr’einac ‘ucd ¢ 502.17 < 2.2e-16

i lation infi.cionverdadera 89.686 0.686
_anc ‘on indec 168.36 7.78E-07

T: L 1: Inflation and Prices in Argentina 1943-2017

Argentina (1990-2017) | x* | p-value
r ice index inflacionverdadera 1276.3 < 2.2e-16
_ rice index INDEC 1237.8 < 2.2e-16
inflation inflacionverdadera 84.354 0.6195
inflation INDEC 216.62 1.22E-12

"_able 2: Inflation and Prices in Argentina 1990-2017




Argentina (1943-2006) s p-value
price index inflacionverdadera 136.31 0.0009388
price index INDEC 584.33 < 2.2e-16
inflation inflacionverdadera 103.96 0.1327
inflation INDEC 111.98 0.05025

Table 3: Inflation and Prices in Argentina 1945 700

Argentina (1991-2001) ‘ x2 ‘ p-vi .ue
price index inflacionverdadera | 3068.4 | < 2.0 >-16
price index INDEC 2991.4 < 2.2¢ "6
inflation inflacionverdadera 66.536 . 264
inflation INDEC 73.933 087"

Table 4: Inflation and Prices in Arge ~tina 1907 -2001

Chile (1980-2016) % \ p-val e
Inflation 89.091 0.47 2
Price index 1ic 5 | 0138
USA (1980-2016) ‘ x> | o-value
Inflation cToonn 2.9727
Price index 2.093 0.889

Venezuela (1980-2016) ‘ X p-value
Inflation 78.893 0.7697
Price index f oo 0.9723
Zimbabwe (1980-2016) X2 p-value
Inflation 77.387 0.8054
Price index ‘ 1.2.67 0.04585

Table 5: Inflation and 1 oo ™

“Jontrol Countries 1980-2016

Period INDEC price index ‘ INDEC Inflation inflacionverdadera price index inflacionverdadera Inflation
1943/2017 X X X v’

1990/2017 X ‘ X X v’

1943/2006 X v’ X v’

1991/2001 x ] v’ X v’

Controls Chile USA Venezuela Zimbawbe
Inflation v’ # v’ v v

Tndex ) v’ v’ X*

Note I: X denotes the rejection of the null hypothesis.
. ~te 2: v denotes the non-rejection of the null hypothesis.

No#- 2: X* denotes that the rejection depends on the level of significance selected.

Table 6: Summary of results

4 Si:~v’ations

The 1 :sults i, the previous section indicate that there is nothing in the series of

price . dexes or inflation by themselves that may point to these kinds of data

a culprits for the failure in satisfying Benford’s law (as shown by its validity

i the co trol cases). Nevertheless, we want to check with more generality this

clai. 1herefore, we run simulations of price index and inflation series in order



to evaluate the satisfaction of Benford’s Law.
Consider a random variable X distributed uniformly over an i. “erva. * real
numbers [a, b], denoted X ~ U (a,b). Then, we generate a series = 0%, . here C

1133

is a positive constant, which we interpret as a “‘price” series s visfy ag . enford’s
Law since its logarithm is uniformly distributed.® Again, we ap, 'v the x? test
to detect deviations from Benford’s law. Summary inf rmatic » about these
simulations (see the corresponding pseudocodes in Appen 'ix C) 7, presented in
Tables 7 to 10, where BL1 and BL2 represent Benf .ca’s Iaw in one digit and
two digits, respectively.

A time series of inflation is derived from the pric. <eric. as follows. Consider
the price indexes at two consecutive periods ¢ and t 4+ 1 denoted p; and p;y1.

Then, the inflation rate at period ¢ + 1 is

Pt+1 — Pt
Dbt

~ ‘00

Alternatively, we can use the same p. cr Jure to generate series we label as
“inflation rate series” and by integrat .~ we « btain the “price index series”. More
precisely, given two consecutive periods * aw. i t+1 and the inflation rate at t+41,

Ii41, the corresponding price p;4, *S vu... ned as

o =pe(L+Tigr)

up from an initial value pg a. * = 0. This initial value is generated for each
selecting at random a alur of the corresponding C' 10X process.

Table 7 presents the . <ult of generating 5000 series of simulated data rep-
resenting price ind .. »s. The length of each series is 300, as to be similar to that
of INDEC. We can see . 2t in 4767 cases Benford’s law is valid in one digit,
in 4736 in twe dig ;s and in 4544 it is valid in both one and two digits. We
then take these ‘7 44 series and use them to derive corresponding inflation series
(which, be’ag Fased on the differences in the price series, have 299 values). We
can see, L. ™7 -ticv ar, that 4404 satisfy Benford’s law in one or two digits.

In Tavle 8 w . show the results we obtain by first simulating inflation series
and t 'en inte; rating them to yield price series. Thus, from the results reported

in Tabic. 7 .nd 8, we can infer that, if the original series satisfies Benford’s

8We ch ose [a,b] = [0,1] and C = 10,000 for price series, while C = 1/100 is used to
g« ~erate ir lation series. We run the simulations with Mathematica using its built-in random
gene.. .. Alternative generators (Mersenne-twister, etc.) did not yield noticeably different




10

law, the ensuing series, obtained either by differentiation or integ -atic 1, also
satisfies it. This provides further proof that the way in which infl. *on re. ~s are

computed does not affect its compliance with Benford’s regular”_ -

Generated price index series (length of each series: 30. .
Number of series | Satisf. BL1 [ Satisf. BL2 [ Satisf. BL1 anu ‘T
5000 | 4rer | 4736 | VAP

Derived inflation rate series (length of each series 299)

Number of series | Satisf. BL1 [ Satisf. BL2 [ Satisf. BL1 or B 2
4544 | 3988 | 4113 | T

o

Table 7: From price index series to in atir . se ‘ies.

Generated inflation rate series (length of each sc "=s: 299)
Number of series [ Satisf. BL1 | Satisf. B” ® [ Satisf. BL1 and BL2
5000 \ 4743 \ 4742 4533

Integrated price index series (length v ~ach series: 300)
Number of series | Satisf. BL1 [ Satisf. BL2 | Satisf. BL1 or BL2
4533 4531 \ g | 4533

Table 8: From inflation ¢ ~*~< to pi.ce index series.
A generic pair of a price index .7 an ‘uflation rate series is represented

in Figures 3a and 3b, respectively, indi atu.g that both series satisfy Benford’s

law.

IJ Ilu Iu K ﬂm atnm

) P <eries ) Inflation index

M Simulated
1 Benford Compliant

Figure 3: Sumr .. - histogram of the behavior of simulated price series and their
derived inflat’ n se des. BL1 is satisfied by both of them. The domain is the
ordered set of w. s from 1 to 9, representing the first significant digit.

We and” - e th : robustness of Benford’s’s regularity on both price and the
derive . mflation series. The alternative hypothesis we test is that the failure
of sat sfying I anford’s law in inflation series may be due not to tampering but
to "2 ap,.l.ation of standard statistical “bookkeeping” operations by national
¢ ;atistics offices. The comparison we presented previously with the evidence
ot +her countries (in which these operations are routinely applied) is a strong

.. "~*ion of the untenability of this alternative hypothesis. Nevertheless, we




11

use simulated series to check whether those operations (rounding ¢ *d s dcing)
may induce violations of Benford’s law.

We start by analyzing the consequences of rounding to the ” st si ificant
digit. We present in Table 9 the results of rounding the secor d sis unc_nt digit
in an inflation series satisfying both BL1 and BL2. For this w. ise the 4533
inflation series reported on the top row of Table 8, whic 1 also . hows that the
corresponding price series by and large satisfy Benford’. law. Ve round the
values of the inflation series at .01%, i.e. at the secc .a dieit. We can see that
this does not affect Benford’s law as long as the first .= acter .stic digits remain
unaffected. Since the figures reported in by ofhic. ! in..l.utions like INDEC
include at least one digit, they have not been <ubject t. rounding at the level

that can affect the validity of Benford’s law.

Inflation index series (lengt» ~© -~ * 28t 299)
Number of series | Satisf.BL1 | Sati. BL2 [ Satisf. BL1 or BL2
4533 \ 4510 \ 4437 | 4531

Table 9: Rounding the seco.. 1« 1git of inflation series.

The other operation that can be a, ol 1 on index series is splicing two or
more series. This operation is rey “'reu .. ien the base year is changed, usually
because the consumption basket is upa.ied. For instance, if we have two series,
(X )T, and {V;}7" ., asing’_ se. s is created by changing backwards the values

of {X,}T_, as to become ¢ mpatib : with those of {¥;}7 .. Then, we generate

values {Yt}tTgol such ths, for ea.™ t=0,..., T —1,Y; = X)Q—XT/T
Price ina.  eries or splicing (length of each series: 1200)
Total n | < .&isf. B~ ' Satisf. BL2 ‘ Satisf. BL1 and BL2
5000 | 4762 | 4728 | 4527
Spliced 1 ice s¢ "=s by joining three segments (length of each series: 300)
Total n | Satisf. .. 1 [ Satisf. BL.2 Satisf. BL1 or BL2
4527 | 0 | 0 0
Jerived inflation series (length of each series: 299)
Tote -~ | SatisfBL1 [ Satisf. BL2 | Satisf. BL1 or BL2
_arav7 4117 | 4327 | 4482

Table 10: Splicing price index series

W . run a »articular numerical experiment, reported in Table 10 to check the
result ~f splici ig series. We generate 5000 series of length 1200. From them 4762
s7 >y Bentord’s law in one digit, 4728 in two digits and 4527 in both one and
t vo digit . We take these latter series, and extract three segments from each:
(1,.. ,200), (501,...,600) and (1101,...,1200). We then splice them (so that

bc.u Jhe first and the last segment have values compatible with the medium




12

section) to generate a series of length 300. We check the validity ¢ Be «ford’s
law in the resulting 4527 series. Interestingly none of them satisf. ~ it a. ~ither
one or two digits. But we then generate the derived inflation ‘e sei. s, and
find that 4482 of them satisfy Benford’s law at one or two di 1ts.

We can see in Figure 4a a generic case in which the spliced .. ‘~e series fails
to satisfy Benford’s’s law, but the derived inflation serie', show. in Figure 4b,

still satisfies the regularity.

[ m W Simulated ‘7 ) W Simulated
[ [ Benford Compliant i i I i [ Benford Compliant
11| EENEEE R ol
(a) Price series (b) Inflation index
Figure 4: Summary histogram of the b. wa.” = ~f splicing simulated price series

and their derived inflation series. BL1 is c. satisfied by the price series but it
is verified by the inflation series. Th  'oma. * is the ordered set of digits from 1
to 9, representing the first significant Cigi..

Thus, our simulations indicate tha. “he failure to satisfy Benford’s law in one
case but not in others cannc’ © - ascribed to the usual bookkeeping operations

on time series.

5 Conclusioi.”

In this paper we & se.~od the claim that Argentinean statistics on inflation were
manipulated bet~een 20v and 2015. We find that the official series of the
period do not sati iy Benford’s law while alternative sources (including data
from longer INL.  series) as well as series of other countries, all do satisfy it.
The latter evic :nce also indicates that there does not seem to exist any reason
to think th.' mfl7 jon data should, in general, fail to satisfy Benford’s law.

In' eced, simuating series satisfying Benford’s regularity we show, on derived
series, that us .al operations on data like rounding up figures splicing and merg-
in-,, or cuauging base dates, does not preclude the validity of the law. This
1eans th it the problem with INDEC data cannot be due to those operations,
an. *h . reinforces the idea that it is just due to manipulation. This confirms

w . “despread suspicions of political tampering with official statistics.
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Appendix: syntax of pseudocode

arg argument of a function.

f[x] f(x)

{a,b,c} List of elements (a,b,c) [elements caw e scalar or vectors].

{3 An empty list.

1[[11] Returns the ¢ — th element of ve ‘tor or 1 st 1.

M[[i,31] Returns the element M, ; of m~trix - urray M.

Map[f&,list] For list = a1, as9..., commed r a1 s f(a1), f(az)...

Map[f(#)&,list] Same as above, but with “inction » .pressed with # as placeholder for the argument.
f(#1,#2,...)& Body for a function of more t.. n one argument.

Boolean[test] Returns the Boolean va.. »s Tr1 ¢ or False.

RandomReal[top,n] Returns n pseudo-ranac » numbers generated from the interval [0, top)

B

Appendix: General commond definitions

For sintax:
For[start,test,increment,bo v,

Performs start, then body . ~a 1...-ement as long as test is true.

Clears non-significant 7~~~es and takes z significant digits:

firstsignif[x,dig ts]= F: omDigits[RealDigits[x, 10,
digits][[1]]]

Creates the neces. >y ca’ agories to sort values into significant-digits clus-

ters:

cats[len]= Table. i, (i, 10(len - 1) , lolem — 1]
Main cc "ms ad for chi2 test and alpha level of significance:

1. chitastliist,digits,alphal=newlist={}; index=0;
.~ =Le .gth[list]; labels=cats[digits]; %Initial  compu-
tations.

2. For [index=1; index <= lon; index++;
newlist=Append[newlist,firstsignif[list[[index],digits]]1]1];%Loop

that strips numbers from non-significant digits.

3. frecobs=Map[Count [newlist,#]&,labels]; %Maps a counting

routine to each digit or category.
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4. probs=Map[Logl0[1 + 1/#]&,labels]; %Determine e pected
probability for each category according to Benford’s L. ~.
5. chistat=Sum[(frecobs[[index]]-lon*probs[[ip .ex’] )2, \lonkprobs[[index]]),index,
1, 10 digits _1o(digits-1)7, ¢ Computes th chi .quare statis-
tic.
6. critval= InverseCDF[Chisquare Distribu ion] [ 0 digits
10(digits-1) _ 1-alphal; %Computec the ~-*'.cal chi-square
value.

7. Return[Boolean[chistat<=criticvai’l %B~* .rns whether the se-

ries passes chi-square test for Benford’s law.

C Appendix: pseudocodes

e Price series satisfying Benford’s l# - *ranslave into inflation series fulfilling

the regularity

1. RandomSeed[seed1] %sets he . “ndom number generator to a preset

value for reasons of r¢_-i._ ™. 7,

2. simulp = Table[10000 x* 1 RandomReal[1,300] ,5000] %generates
5000 random seri- ., .. ma U[0;1] of length 300, which (should) satisfy

Benford’s law.

3. simulpord=V ip[Sor. simulp] %Orders every sequence in simulp so
that it rese able, a p ice index series.

4. diagnos’ 1=Map, ' itest[#,1,.05]&,simulpord] %performs chi-
test of 3L, " digit, alpha—.05 to each of the 5000 price series.

5. diag .o. %2=Map[chitest[#,2,.05]&,simulpord] %performs chi-
tes of T.L, 2 digits, alpha=.05 to each of the 5000 price series.

6. asesl=. "sition[diagnostl,True] %Those series who fulfill BL1.
7. ~a’ es2: Position[diagnost2,True] %Those series who fulfill BL2.

o. simu_pok=simulpord[[Intersection[casesl,cases2]]] %Selects
pri e series that robustly fulfill BL1 and BL2.

1%

. ~ufl[list]:= lon=Length[list];
listdif=Table[(list[[index+1]]-1list[[index]])/list[[index]],index,1,lon-1];

Return[listdif] %Command to compute inflation series from price

series.
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10. simulpinfl=Map[infl,simulpok] %Computes the cc resy nding
inflation indexes.

11. diagnostlinfl=Map[chitest[#,1,.05]&,simulpi- . 1 %p. forms
chi-test of BL, 1 digit, alpha=.05 to each of the ir tatic . se..es.

12. diagnost2infl=Map[chitest[#,2,.05]&,simul~in1." %performs
chi-test of BL, 2 digits, alpha=.05 to each of f 1e infla ‘on series.

13. caseslinfl=Position[diagnostlinfl,True]l %Thr e series who
fulfill BL1.

14. cases2infl=Position[diagnost2infl,1..e] ¥ [hose series who
fulfill BL2.

15. simulpinflok=simulpinfl[[Inter. ~tion[ :aseslinfl,cases2infl]]]
%Selects inflation series that fulfill .71 or 8L2.

e Inflation series satisfying Benford’s .. v translate into price index series

fulfilling the regularity

1. RandomSeed [seed2] %sets the - .ndom number generator to a preset
value for reasons of replica ...

2. simulinf = Table [* /100y oRandomReal[1,299] ,5000] %gener-
ates 5000 random series ..~m UJ[0;1] of length 299, which (should)
satisfy Benford’s ]2~

3. diagnostli=Me ,[chite t[#,1,.05]&,simulinf] %performs chi-
test of BL, 1 igit, '} 1=.05 to each of the 5000 inflation series.

4. diagnost2- =Mar (chitest[#,2,.05]&,simulinf] %performs chi-
test of BT, 2 « ~its alpha=.05 to each of the 5000 inflation series.

5. casesl .- "nsition[diagnostii,True]l %Those series who fulfill
BL1.

6. cas :s2j Position[diagnost2i,True] %Those series who fulfill
RL2.

7. sim linfok=simulinf[[Intersection[casesl,cases2]]] %Se-
1 s ir lation series that robustly fulfill BL1 and BL2.

8. ar ~horexp=Table [IOOO*IORandomReal [1,300] ,{Length[simulinfok] }]
%( enerates random anchor numbers for price indexes (p0) [anchor
aistribution itself satisfies BL, so no noise is added].

9 buildfrominf [anchor,series]:= index=1;result={anchor};
p=anchor; lon=Length[series]; Dol[p=p*(1l+series[[index]]);

result=Append[result,p]; index++, lon]; Return[result]
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10. simulinfp=Table[buildpfrominf [anclasexp[[i]],si mli .fok[[i]]],{1i,
1,Length[anchorexpl}] %builds price index series . m 1. ation
and anchor series.

11. diagnostlip=Map[chitest[#,1,.05]&,simulpir (p]  Yoperforms
chi-test of BL, 1 digit, alpha=.05 to each of the « -ivated price
series.

12. diagnost2ip=Map[chitest[#,2,.05]&,simul, infp!  %performs
chi-test of BL, 2 digits, alpha=.05 to e-ch of *he derivated price
series.

13. caseslip=Position[diagnostlip,Trues "1nose series who fulfill
BL1.

14. cases2ip=Position[diagnost2ip, "ue) ,0Those series who fulfill
BL2.

15. simulpinfpok=simulpinfp[[Uniow ~aseslip,cases2ipl]] %Se-

lects price series that fulfill L ‘.1 ¢ Z7.2.

e Splitting of price index series ¢ . nlica <s the fulfillment of Benford’s Law

(but only on prices)

1. RandomSeed [seed3]

2. splitlong=Table *n000x10 (RandomRealll, 12001) 50007
%simulation of 000 ser. s of length 1200 to be splitted and merged.

3. splitlongor=Sor."s' litlong] %Ordered, so as to give them as-
pect of pric . ser’ ss.

4. diagnostis=n.~[c.itest[#,1,.05]&,splitlongord] %first digit.

5. diagne .J-=Map[chitest[#,1,.05]&,splitlongord] %first two
digits

6. car 2sls -Position[diagnostils,True];
cases. ~=Position[diagnost2s,Truel

7. spl .tok=splitlongord[[Intersection[casesls,cases2s]]]
7 s v aal, for robustness we build a set of series that satisfy BL in
bc*h one and two significant digits.

8. sp” itseries=splitok[[Join[Table[i,i,1,101],
Table[i,1,501,600],

9. Table[i,i,1100,1200]1]11]1 %Builds merged series from cases 1-
100,501-600 and 1101-1200 for each simulated price series (final

length:300+2). Extra points are used to merge series.
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10. merge[list] :=m1=1ist[[101]];m2=1ist[[102]];
m3=1ist[[201]] ;m4=1ist[[202]] ;al=m2/ml;a2=m3/wm "
Return[Join[al*list[[1;;100]],1ist[[102;;20 .. a2*._st[[203;;302]1]11]]
% Merges list, makes all 3 segments compatible as i". a vase-year
change).
11. splitmerged=Map[merge,splitseries] %pr e serie: is merged.
12. diagnostism=Map[chitest [#,1,.05]&,splitn ~o=o | %first digit,
merged series.
13. diagnost2sm=Map[chitest [#,2,.05]¢% spritme ged] %first two
digits, merged series.
14. caseslsm=Position [diagnostlsm,'h ~7];c” ses2sm=Position [diagnosthm,True]
15. splitmergedok=splitmerged[[Union -~aseslsm,cases2sm]]]
%Selects price series that fulfili .**.1 or BL2 [none].
16. splitmergedinf=Map[infl —Titmerged] % computes inflation to
merged series.
17. diagnostisi=Map[chitect* *.1, 05]&,splitmergedinf] %first
digit.
18. diagnost2si=Mapl[chite.*[#,2,.05]&,splitmergedinf] %first
two digits.
19. caseslsi=Posi" ion[d1 gnostlsi,True];cases2si=Position[diagnost2si,True]

20. splitinf=sp itme_ ~e . inf[[Union[caseslsm,cases2sm]]] %Se-
lects inflatir a se ies that fulfill BL1 or BL2.

e Rounding dor ; not awn. ¢ fulfillment of Benford’s Law

1. simul*nfokr=r.ap[Round[#,0.0001]&,simulinfok] %Rounds pre-
vio' s sir wlated inflation series to two decimals.
2. diagne +t1r=Map[chitest[#,1,.05]&,simulinfokr] %first digit,
rou’ ded series.
3. a. ~n' st2r=Map[chitest[#,2,.05]&,simulinfokr] %first two
di_its, rounded series.
4. ca .eslr=Position[diagnostlir,True] ;cases2r=Position[diagnost2r,True]

simulinfokrok=simulinfokr[[Union[caseslr,cases2r]]] %Se-
lects rounded inflation series that fulfill BL1 or BL2.
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