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Abstract

Are Sveriges Riksbank’s inflation (CPI and KPIX) intervatdoasts cali-
brated in the sense that the intervals cover realised iofiatith the stateéx

antecoverage probability? In total 150 interval forecast 1998:2005:Q2
are assessed. The main result is that the forecast undgriimderstated,
but there are substantial differences between individualdast origins.
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1 Introduction

Since 1993 the objective of Sveriges Riksbank (the centraklmf Sweden) has
been price stability. In 1995 a self—adopted explicit indlattarget of a yearly
2 percent increase in consumer prices with a tolerance baadlavas imple-
mented. In order to determine whether a change in main pigtyjument of the
Riksbank (the repo rate) is necessary the Bank forecastisiflagon rate mea-
sured as changes in consumer price index (CPI) and undeglayfiation (KPIX;
before November 12, 2007 called UND1X) with 2 year forecasizon. Since
1999 these point forecasts are accompanied with interve¢&sts for 50, 75 and
90 percent coverage with a forecast horizon of 1-25/26 nsonttil 2005:Q2
these forecasts where made four times a year and condittonah unchanged
repo ratd]

Sveriges Riksbank applies a judgemental inflation inteiacast procedure
which is described in_Blix and Sellin (1298, 1999) and brieflyBerg (2000).
But whereas the corresponding point forecasts in severdiest can be shown to
be reliable (using standard assumptions and standardizriiech as efficiency
(mean forecast error) and accuracy (mean square forecasf) @ompared point
forecasts from other forecasters, there is hitherto ncsassent about the reliabil-
ity of the interval forecadl. The purpose of this study is therefore to throw light
on the question whether these interval forecasts are apately calibrated. That
is, are the interval forecasts for (say) 50 percent coveaagygally contain actual
inflation in 50 percent of the cases?

The most apparent strategy would be to employ the test pupeesiggested
by|Christoffersen (1998). For each forecast an indicatoatsée is created, taking
the value one when actual inflation is inside the forecastesival and else zero.
Then the following tests are performed: (i) a test for undtowlal coverage (the
null hypothesis that the sample mean of the indicator sexesls the coverage
probability is tested against the alternative that it i9 @) for independence (the
null hypothesis that the indicator variable is seriallygpdndent with probability
transition matrix given by the sample coverage probahiditgsted against the al-
ternative that it is a first order Markov process) and (iif) fonditional coverage
(the null hypothesis that the indicator variable is seyialdependent with proba-
bility transition matrix given by th@x antecoverage probability is tested against

1This forecasting targeting type of monetary policy was nélgereviewed by Woodward
(2007).

2Seel Blix et al. 1(2002)|_Konjunkturinstitutet (2002), Jamsand Vredin [(2003)|_Bergvall
(200%) and_Andersson etlal. (2007); only Konjunkturingst(2002) (although the staff at the
National Institute of Economic Research responsible fisr ¢élraluation had a professional back-
ground at Sveriges Riksbank) and Bergvall (2005) do not &lsnoriginate from Sveriges Riks-
bank.



the alternative that it is a first order Markov process).

However, there are several problems of applying this tgsprocedure to
present interval forecasts. The data consists of 25 forecagns with three in-
terval forecasts at each origin (50, 75 and 90 percent cgegfar two measures
of inflation (CPI and KPIX). Each forecast has a horizon of 2326 months.
This sums up to 150 individual forecasts each of which hasradmw of 25 or
26 months, or, if each—step—ahead forecast is counted as an individual forecast,
about 625 forecasts for each coverage level and inflatiorsanea

The problem of applying the Christoffersen (1998) procedsi(briefly stated)
that there are too few observations at each forecast orkgjist, to perform the
test for independence between neighbouring observatiomseed to define four
different conditional probabilities, such as the probapthat inflation rate is in-
side the forecasted interval the present period condit@mm#he event that it was
outside the previous period. At no less than 40 forecasirwithe outcome is
such that at least one of the four events for which conditipnababilities need
to be calculated do not occur. Second, even if all four eweste observered in a
sample of 25, the minimum expected number of observatiansdoh event that
is needed for drawing valid inference was in the cases of tigkrage levels too
lowH

The practical solution was to pool all interval forecastdach inflation mea-
sure and each coverage level to construct six different sketie with some 625
observations in each and only perform the unconditionatanye test, rather than
selecting few forecast origins for which the entire testesaould be performed.
However, in addition to testing the interval forecasts odi&yes Riksbank two ad-
ditional sets of interval forecasts are tested. These &eevial forcasts produced
by automatic forecast procedures using ARIMA—models apde&ntial smooth-
ing models as described by Hyndman and Khandakar (2008%s€liedels were
estimated on a real-time inflation data set. The problemsdniatr the interval
forecasts of Sveriges Riksbank was even more severe foothedsts produced
this way.

The main result of the present study using pooled data ighkanterval fore-
cats of Sveriges Riksbank have a tendency to understatetheast uncertainty.
Only the forecasted intervals at the 50 and 75 percent cgedevel for KPIX
passed the unconditional coverage test. The reason irsédinoes failing the test
was that the forecasted intervals were too narrow.

Today there is a small but growing literature assessingdifft type of un-
certainty estimates in the inflation forecasts produceddmtral banks. Using

3For instance, at the 90 percent coverage level the expectether of observations outside
the interval is less than three. This should be compared reitent results indicating expected
numbers on the level 7 —8 in two—tailed tests; see Andrés and Tejedor (2003).



2—-year—aheagrobability forecastgublished by Sveriges Riksbank for a part of
the above time period, Dowd (2004) concludes that they wtaler the forecast
uncertainty. Wallis/(2003, 2004) and Clements (2004) asdesforecasts of the
Bank of England’s Monetary Policy Committee (MPC) using plaklished infor-
mation about the two—piece normal distribution in the dgrfsrecasts. The main
result is that the MPC overstates the forecast uncertainty.

The paper is organised as follows. In secfibn 2 the testsdteeate described.
Sectior B contains the results and ecfibn 4 concludes ther.pap

2 Framework for assessment and data

The log likelihood test procedure is described in detall hri§toffersen|(1998)
and reviewed by Wallis| (2003). Compared/to Christoffers&e08), who had
a sequence of one—step—ahead forecasts to be tested, we haliferent 1—
25/26—step—ahead forecasts pooled from different orighescessarily then the
pooled data have no particular order and we are restrictgubtiorm only the
unconditional coverage test.

Now, an interval forecast is an intervak (p),U:(p)], whereL;(p) andU;(p)
are the lower and upper limits of the point forecast for theecage probability
p € {50,7590} andt =1,...,nis an index identifyind 8,t), wheref is the date
of the forecast origin antlis the date for which the forecast applies. That s, since
forecasts overlap, forecast made at different origins ggfyao the same date.

Lety; be the observed inflation at dateAn indicator variablg1; } is then cre-
ated such thadt = 1 if y; € [L{(p),U:(p)] and elsd; = 0. Also, letn; = % S0 0t
be the number of outcomes in the interva,= n — n; the number of observa-
tion outside the interval and denote the sample mean of tiiedator variable
1T= ng/n. The definition of correct coverage is then tkht} e Bern(p) Vr; see
Christofferseni (1998, Lemma 1 and Definition1).

The unconditional test has as its null that the sample meadheoindicator
variable it equalsp against the alternative that it does not, thaHis: m= p is
tested against againkl; : T # p. The test statistica is then the log-likelihood

ratio
(1—p)opm
(1—mhom /-

If the test statistica is sufficiently large, i.e, LR x245(1) ~ 3.84, then the inter-
val forecast fails the test and we conclude that the widtthefitterval forecast
are not appropriately calibrated. This will happermrifleviates to much frorp in
either direction.

The data set consists of

LR, = —2 Iog( (1)



1. interval forcasts with 25 forecast origins 1999:Q2-2Q05 where Sveriges
Riksbank at each origin forecasts the inflation interval56r 75 and 90
percentex antecoverage 1-25 or 1-26 months ahead for CPI and KPIx,

2. real time inflation outcome according to CPI and KPIX froseguence of
Inflation reports of Sveriges Riksbank available at theibsiee and used
to estimate the ARIMA and exponential smoothing modelsgiautomatic
forecasting procedur@s,

3. for each of the forecasts produced by Sveriges Riksbankdference fore-
casts are produced using the estimated ARIMA and exponsenti@othing
models, and

4. revised inflation outcome according to CPIl and KPIX (ishich contairex
postchanges in the series due to corrections etc) from the tatidweden
home pagattp://www.scb.se against which all forecasts are evaluated.
The changes in the methodology to calculate the differdlation series are
documented in memoranda and press releases availablesanaiipage.

3 Results

Using the pooled data we can make in total six different testsinconditional
coverage, each based on 640 realisations of the indicatiabl@ For each in-
flation measure (CPI and KPIX), each coverage level (50, &b %nhpercent)
and each forecaster (Sveriges Riksbank (SR), ARIMA and meapial smooth-
ing (ETS)), TableBl132 reports the test statisticad@hd the sample mean of the
indicator variable. The critical value of the test statiatis x34:(1) = 3.84. All
numbers in the table are reported with an accuracy of thigaesdi

The result is that Sveriges Riksbank’s interval forecaatgtie unconditional
coverage test in four out of six instances: For CPI in all ¢hirestances and for
KPIX at the 90 percent coverage level. In all cases the samplen of the in-
dicator variable is lower than thex antecoverage probability. That is, in these
four instances the interval forecasts of Sveriges Rikslzaakoo narrow and the
a priori stated forecast uncertainty is too small. The deviatiohénsample mean
from theex antecoverage is 4—8 percent units, a deviation which is stesly
significant. Also, the deviation tend to be larger in absobetms for the 50 and

4The interval forecasts are not found in the Sveriges Rikska#96—2006) (except in the form
of graphs). They are, however, publicly available for dovatd ahttp: //www.riksbanken. se.

SThese forecasts are produced using the automatic prosedorghe packagefore-
cast for R; seelHyndman|(2008). The criteria for model selection et @escribed in
Hyndman and Khandakar (2008). For more details see the Alipen
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Table 1: Unconditional coverage test for pooled data. GRls(1) = 3.84 and

| Coveragelevep: |  50%| 75%]| 90%]
SR LRyc 8.823| 21.398| 10.651
251(p) 0.442| 0.669| 0.859

LRyc 79.485| 305.919| 134.651

ARIMA 251(p) 0.675| 0.989 1
ETS LRyc 289.571| 299.249| 134.651
IST(p) || 0.823] 0.988 1

Table 2: Unconditional coverage test for pooled data. KR¥s(1) = 3.84 and
n = 640.

| Coverage levep: | 50%| 75%| 90%|
SR LRyc 0.69 1.44| 12.258
251(p) || 0.517 0.73| 0.856

LRyc || 23.051] 132.308| 109.68

ARIMA 251(p) || 0.595] 0.925] 0.995
ETS LRyc 31.37| 138.048| 79.6
Is1(p) | 0.611] 0.928] 0.986

90 percent coverage levels compared to the 90 percent |&dly the interval
forecasts for KPIX with coverage 50 and 75 percent pass thenditional cover-
age test with pooled data. In both cases the sample mean ioidilcator variable
deviates no more than 2 percent units fromekeantecoverage level; a deviation
which is not statistically significant.

The reference forecast produced with automatic forecastepiures show a
completely different pattern. None of these (pooled) fasts pass the uncondi-
tional coverage test but it is for the opposite reason: Ttexval forecasts are too
wide so actual inflation tend to be inside the forcasted vaiertoo often. One ob-
vious explanation is that, although at each forecast otiggrorder of the model is
reselected and estimated with the additional informateined since the previous
forecast origin, these model presume a constant variance.

One should note that the results for the pooled forecastsaridges Riksbank
are achieved with all available data, including the 40 fastorigins which con-



tain insufficient variation in the indicator variable. Of#e 40 forecasts no less
than 18 had no variantion in the indicator variable at altsimflation was always
inside the forecast interval. That is, altough the pooleddast in many instances
tend to have too narrow bands, there are several individwatést origins which
have intervals that are too wide:

1. The actual distribution of these 18instances is as falal® occur for the
90 percent interval forecasts (CPI 8 and KPIX 7). The renmgjrd are for
the 75 percent interval forecasts divided on CPI and KPIXs Tieans that
for CPI at the 90 percent coverage level this event occurs iess than 32
percent of the instances (8 out of 25) and for KPIX at the saoverage
level in 28 percent of the instances (6 out of 25). For CPI afdXKat
the 90 percent coverage level the average is that 30 percéstaut of 50
instances have actual inflation always within the forechstterval.

2. Theex anteprobability of such an event%e., actual inflation alwaythn
the forecasted interval) is about 7 peraentherefore, at the 90 percent
coverage level one should expect only 3—4 such forecastsaihf the
observed 15 forecasts.

3. These forecasts do not pass the unconditional coverageTlteeir test sta-
tisticalyc is equal to 5.27 with 25 observations and 5.48 with 26, whéch i
above the critical levek3g(1) = 3.84.

For the 90 percent coverage level, then, this means thattixgm of too narrow
forcast intervals is even more severe.

4 Conclusions

This study has tested whether the inflation interval foreca$ Sveriges Riks-
bank are calibrated according to thr antestated coverage probabilities. Due
to limitations in data observations from all forecast argyivere pooled for each
forecasted inflation measure (CPI and and KPIX) and eachrageeprobability
(50, 75 and 90 percent). Hence, six tests for unconditiooatiage were per-
formed. They showed that only the forecasted intervalsebthand 75 percent
coverage level for KPIX passed the unconditional coverage The reason in all
instances failing the test was that the forecasted intewale too narrow.

In particular, the interval forecasts at the 90 percent e level failed the
test for both CPI and KPIX although data included forecaggins (about 30
percent of the total number of origins) where the forecagtégtvals were too
wide and always included the inflation outcome.

SWith 25 observations it is 100 0.92° ~ 7.2% and with 26 it is 10 0.926 ~ 6.5%.
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5 Computational details

All estimations were obtained with2.7.0 (see R Development Core Team (2006))
and the packga®recastusing a PC running Debian Linux (with a 2.6.15 kernel.
The full sources for this document (dakcode andAIEX sources) are available
athttp://people.su.se/ " lundh/SR.

Appendix
The first class reference forecast is based on an ARIMA mddsider

(p7d7q>(P7 D:Q)l?_-

First a Conova—Hansen test is performed to decide whetber tha seasonal unit
root, i.e.,D =1 orD = 0. Then successive KPSS-tests (Kwiatkowski—Phillips—
Schmidt—Shin), were the null hypothesis is no unit root aadgymed to deter-
mine the value oml. Using the AICc criterion a step—wise procedure is used to
determinep, g, P andQ. This is then repeated at each of the 20 forcast origins
for both CPI and KPIX. The estimation procedure also allowrsdrift, even if
d+D>1.

The second reference forecast is produced using an inoogasitate space
representation of a class of exponential smoothing mode®s &hich is acronym
for error trend and seasonality. Trend and seasonalityddeaidditive (A), mul-
tiplicative (M) or not be present (N); in both cases dampexatr Errors could be
additive or multiplicative. The standard exponential sthaay model therefore
has order(A,N,N), Holt's linear algorithm has order (A,A,N) etc. Models are
selected on the base of minimised AICc, which helps to séletveen additive
and multiplicative models which produce the same pointdasts.

The models were reestimated at each forecast origin usatdinee inflation
measures. It turns out that the order of the model that msemAICc for the
KPIXis ARIMA (0,1,0)(0,0,1)12with a drift parameter for all forcasting origins.
For CPI, however, the model order is not as stable althoudlYiout of 20 in-
stances an ARIMAL,1,1)(0,0,1)12is selected. The model selected for the KPIX
and CPI series is of order ET& N, N), with no dampening, in all instances; i.e.
a standard exponential smoothing model.
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