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Abstract

Are Sveriges Riksbank’s inflation (CPI and KPIX) interval forecasts cali-
brated in the sense that the intervals cover realised inflation with the statedex
antecoverage probability? In total 150 interval forecast 1999:Q2–2005:Q2
are assessed. The main result is that the forecast uncertainty is understated,
but there are substantial differences between individual forecast origins.
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1 Introduction

Since 1993 the objective of Sveriges Riksbank (the central bank of Sweden) has
been price stability. In 1995 a self–adopted explicit inflation target of a yearly
2 percent increase in consumer prices with a tolerance band of ±1 was imple-
mented. In order to determine whether a change in main policyinstrument of the
Riksbank (the repo rate) is necessary the Bank forecasts theinflation rate mea-
sured as changes in consumer price index (CPI) and underlaying inflation (KPIX;
before November 12, 2007 called UND1X) with 2 year forecast horizon. Since
1999 these point forecasts are accompanied with interval forecasts for 50, 75 and
90 percent coverage with a forecast horizon of 1–25/26 months. Until 2005:Q2
these forecasts where made four times a year and conditionalon an unchanged
repo rate.1

Sveriges Riksbank applies a judgemental inflation intervalforecast procedure
which is described in Blix and Sellin (1998, 1999) and brieflyin Berg (2000).
But whereas the corresponding point forecasts in several studies can be shown to
be reliable (using standard assumptions and standard criteria such as efficiency
(mean forecast error) and accuracy (mean square forecast error)) compared point
forecasts from other forecasters, there is hitherto no assessment about the reliabil-
ity of the interval forecast.2 The purpose of this study is therefore to throw light
on the question whether these interval forecasts are appropriately calibrated. That
is, are the interval forecasts for (say) 50 percent coverageactually contain actual
inflation in 50 percent of the cases?

The most apparent strategy would be to employ the test procedure suggested
by Christoffersen (1998). For each forecast an indicator variable is created, taking
the value one when actual inflation is inside the forecasted interval and else zero.
Then the following tests are performed: (i) a test for unconditional coverage (the
null hypothesis that the sample mean of the indicator seriesequals the coverage
probability is tested against the alternative that it is not), (ii) for independence (the
null hypothesis that the indicator variable is serially independent with probability
transition matrix given by the sample coverage probabilityis tested against the al-
ternative that it is a first order Markov process) and (iii) for conditional coverage
(the null hypothesis that the indicator variable is serially independent with proba-
bility transition matrix given by theex antecoverage probability is tested against

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

2See Blix et al. (2002), Konjunkturinstitutet (2002), Jansson and Vredin (2003), Bergvall
(2005) and Andersson et al. (2007); only Konjunkturinstitutet (2002) (although the staff at the
National Institute of Economic Research responsible for this evaluation had a professional back-
ground at Sveriges Riksbank) and Bergvall (2005) do not formally originate from Sveriges Riks-
bank.

1



the alternative that it is a first order Markov process).
However, there are several problems of applying this testing procedure to

present interval forecasts. The data consists of 25 forecast origins with three in-
terval forecasts at each origin (50, 75 and 90 percent coverage) for two measures
of inflation (CPI and KPIX). Each forecast has a horizon of 25 or 26 months.
This sums up to 150 individual forecasts each of which has a horizon of 25 or
26 months, or, if eachh–step–ahead forecast is counted as an individual forecast,
about 625 forecasts for each coverage level and inflation measure.

The problem of applying the Christoffersen (1998) procedure is (briefly stated)
that there are too few observations at each forecast origin.First, to perform the
test for independence between neighbouring observations one need to define four
different conditional probabilities, such as the probability that inflation rate is in-
side the forecasted interval the present period conditional on the event that it was
outside the previous period. At no less than 40 forecast origins the outcome is
such that at least one of the four events for which conditional probabilities need
to be calculated do not occur. Second, even if all four eventswere observered in a
sample of 25, the minimum expected number of observations for each event that
is needed for drawing valid inference was in the cases of highcoverage levels too
low.3

The practical solution was to pool all interval forecast foreach inflation mea-
sure and each coverage level to construct six different datasets with some 625
observations in each and only perform the unconditional coverage test, rather than
selecting few forecast origins for which the entire test suite could be performed.
However, in addition to testing the interval forecasts of Sveriges Riksbank two ad-
ditional sets of interval forecasts are tested. These are interval forcasts produced
by automatic forecast procedures using ARIMA–models and exponential smooth-
ing models as described by Hyndman and Khandakar (2008). These models were
estimated on a real–time inflation data set. The problems noted for the interval
forecasts of Sveriges Riksbank was even more severe for the forecasts produced
this way.

The main result of the present study using pooled data is thatthe interval fore-
cats of Sveriges Riksbank have a tendency to understate the forecast uncertainty.
Only the forecasted intervals at the 50 and 75 percent coverage level for KPIX
passed the unconditional coverage test. The reason in all instances failing the test
was that the forecasted intervals were too narrow.

Today there is a small but growing literature assessing different type of un-
certainty estimates in the inflation forecasts produced by central banks. Using

3For instance, at the 90 percent coverage level the expected number of observations outside
the interval is less than three. This should be compared withrecent results indicating expected
numbers on the level 7−−8 in two–tailed tests; see Andrés and Tejedor (2003).
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2–year–aheadprobability forecastspublished by Sveriges Riksbank for a part of
the above time period, Dowd (2004) concludes that they understate the forecast
uncertainty. Wallis (2003, 2004) and Clements (2004) assess the forecasts of the
Bank of England’s Monetary Policy Committee (MPC) using thepublished infor-
mation about the two–piece normal distribution in the density forecasts. The main
result is that the MPC overstates the forecast uncertainty.

The paper is organised as follows. In section 2 the tests the data are described.
Section 3 contains the results and ection 4 concludes the paper.

2 Framework for assessment and data

The log likelihood test procedure is described in detail in Christoffersen (1998)
and reviewed by Wallis (2003). Compared to Christoffersen (1998), who had
a sequence ofn one–step–ahead forecasts to be tested, we haven different 1–
25/26–step–ahead forecasts pooled from different origins. Necessarily then the
pooled data have no particular order and we are restricted toperform only the
unconditional coverage test.

Now, an interval forecast is an interval[Lτ(p),Uτ(p)], whereLτ(p) andUτ(p)
are the lower and upper limits of the point forecast for the coverage probability
p∈ {50,75,90} andτ = 1, . . . ,n is an index identifying(θ , t), whereθ is the date
of the forecast origin andt is the date for which the forecast applies. That is, since
forecasts overlap, forecast made at different origins can apply to the same date.

Let yt be the observed inflation at datet. An indicator variable{Iτ} is then cre-
ated such thatIτ = 1 if yt ∈ [Lτ(p),Uτ(p)] and elseIτ = 0. Also, letn1 = 1

n ∑n
τ=1 Iτ

be the number of outcomes in the interval,n0 = n−n1 the number of observa-
tion outside the interval and denote the sample mean of the indicator variable

π = n1/n. The definition of correct coverage is then that{Iτ}
iid
∼ Bern(p) ∀τ; see

Christoffersen (1998, Lemma 1 and Definition1).
The unconditional test has as its null that the sample mean ofthe indicator

variableπ equalsp against the alternative that it does not, that isH0 : π = p is
tested against againstH1 : π 6= p. The test statistica is then the log–likelihood
ratio

LRu = −2log

(

(1− p)n0 pn1

(1−π)n0πn1

)

. (1)

If the test statistica is sufficiently large, i.e, LRu > χ2
0.95(1) ≈ 3.84, then the inter-

val forecast fails the test and we conclude that the width of the interval forecast
are not appropriately calibrated. This will happen ifπ deviates to much fromp in
either direction.

The data set consists of
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1. interval forcasts with 25 forecast origins 1999:Q2–2005:Q2, where Sveriges
Riksbank at each origin forecasts the inflation interval for50, 75 and 90
percentex antecoverage 1–25 or 1–26 months ahead for CPI and KPIX,4

2. real time inflation outcome according to CPI and KPIX from asequence of
Inflation reports of Sveriges Riksbank available at their website and used
to estimate the ARIMA and exponential smoothing models using automatic
forecasting procedures,5

3. for each of the forecasts produced by Sveriges Riksbank two reference fore-
casts are produced using the estimated ARIMA and exponential smoothing
models, and

4. revised inflation outcome according to CPI and KPIX (i.e.,which containex
postchanges in the series due to corrections etc) from the Statistics Sweden
home pagehttp://www.scb.se against which all forecasts are evaluated.
The changes in the methodology to calculate the different inflation series are
documented in memoranda and press releases available on this web page.

3 Results

Using the pooled data we can make in total six different testsfor unconditional
coverage, each based on 640 realisations of the indicator variable. For each in-
flation measure (CPI and KPIX), each coverage level (50, 75 and 90 percent)
and each forecaster (Sveriges Riksbank (SR), ARIMA and exponential smooth-
ing (ETS)), Tables 1–2 reports the test statistica LRuc and the sample mean of the
indicator variable. The critical value of the test statistica isχ2

0.95(1) = 3.84. All
numbers in the table are reported with an accuracy of three digits.

The result is that Sveriges Riksbank’s interval forecasts fail the unconditional
coverage test in four out of six instances: For CPI in all three instances and for
KPIX at the 90 percent coverage level. In all cases the samplemean of the in-
dicator variable is lower than theex antecoverage probability. That is, in these
four instances the interval forecasts of Sveriges Riksbankare too narrow and the
a priori stated forecast uncertainty is too small. The deviation in the sample mean
from theex antecoverage is 4–8 percent units, a deviation which is statistically
significant. Also, the deviation tend to be larger in absolute terms for the 50 and

4The interval forecasts are not found in the Sveriges Riksbank (1996–2006) (except in the form
of graphs). They are, however, publicly available for download athttp://www.riksbanken.se.

5These forecasts are produced using the automatic procedures in the packagefore-
cast for R; see Hyndman (2008). The criteria for model selection etc are described in
Hyndman and Khandakar (2008). For more details see the Appendix.
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Table 1: Unconditional coverage test for pooled data. CPI.χ2
0.95(1) = 3.84 and

n = 640.

Coverage levelp: 50% 75% 90%

LRuc 8.823 21.398 10.651
SR 1

n ∑ I(p) 0.442 0.669 0.859

LRuc 79.485 305.919 134.651
ARIMA 1

n ∑ I(p) 0.675 0.989 1

LRuc 289.571 299.249 134.651
ETS 1

n ∑ I(p) 0.823 0.988 1

Table 2: Unconditional coverage test for pooled data. KPIX.χ2
0.95(1) = 3.84 and

n = 640.

Coverage levelp: 50% 75% 90%

LRuc 0.69 1.44 12.258
SR 1

n ∑ I(p) 0.517 0.73 0.856

LRuc 23.051 132.308 109.68
ARIMA 1

n ∑ I(p) 0.595 0.925 0.995

LRuc 31.37 138.048 79.6
ETS 1

n ∑ I(p) 0.611 0.928 0.986

90 percent coverage levels compared to the 90 percent level.Only the interval
forecasts for KPIX with coverage 50 and 75 percent pass the unconditional cover-
age test with pooled data. In both cases the sample mean of theindicator variable
deviates no more than 2 percent units from theex antecoverage level; a deviation
which is not statistically significant.

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

One should note that the results for the pooled forecasts of Sveriges Riksbank
are achieved with all available data, including the 40 forecast origins which con-
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tain insufficient variation in the indicator variable. Of these 40 forecasts no less
than 18 had no variantion in the indicator variable at all since inflation was always
inside the forecast interval. That is, altough the pooled forecast in many instances
tend to have too narrow bands, there are several individual forecast origins which
have intervals that are too wide:

1. The actual distribution of these 18instances is as follows: 15 occur for the
90 percent interval forecasts (CPI 8 and KPIX 7). The remaining 3 are for
the 75 percent interval forecasts divided on CPI and KPIX. This means that
for CPI at the 90 percent coverage level this event occurs in no less than 32
percent of the instances (8 out of 25) and for KPIX at the same coverage
level in 28 percent of the instances (6 out of 25). For CPI and KPIX at
the 90 percent coverage level the average is that 30 percent or 15 out of 50
instances have actual inflation always within the forecasted interval.

2. Theex anteprobability of such an event (i.e., actual inflation always within
the forecasted interval) is about 7 percent.6 Therefore, at the 90 percent
coverage level one should expect only 3–4 such forecasts instead of the
observed 15 forecasts.

3. These forecasts do not pass the unconditional coverage test. Their test sta-
tisticaLuc is equal to 5.27 with 25 observations and 5.48 with 26, which is
above the critical levelχ2

0.95(1) = 3.84.

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

4 Conclusions

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

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

6With 25 observations it is 100×0.925≈ 7.2% and with 26 it is 100×0.926≈ 6.5%.
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5 Computational details

All estimations were obtained withR 2.7.0 (see R Development Core Team (2006))
and the packgaeforecastusing a PC running Debian Linux (with a 2.6.15 kernel.
The full sources for this document (data,R–code and LATEX sources) are available
athttp://people.su.se/~lundh/SR.

Appendix

The first class reference forecast is based on an ARIMA model of order

(p,d,q)(P,D,Q)12.

First a Conova–Hansen test is performed to decide whether there is a seasonal unit
root, i.e.,D = 1 or D = 0. Then successive KPSS-tests (Kwiatkowski–Phillips–
Schmidt–Shin), were the null hypothesis is no unit root are performed to deter-
mine the value ond. Using the AICc criterion a step–wise procedure is used to
determinep, q, P andQ. This is then repeated at each of the 20 forcast origins
for both CPI and KPIX. The estimation procedure also allows for drift, even if
d+D ≥ 1.

The second reference forecast is produced using an innovations state space
representation of a class of exponential smoothing models ETS, which is acronym
for error trend and seasonality. Trend and seasonality could be additive (A), mul-
tiplicative (M) or not be present (N); in both cases damped ornot. Errors could be
additive or multiplicative. The standard exponential smoothing 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 selectbetween additive
and multiplicative models which produce the same point forecasts.

The models were reestimated at each forecast origin using real-time inflation
measures. It turns out that the order of the model that minimises AICc for the
KPIX is ARIMA (0,1,0)(0,0,1)12 with a drift parameter for all forcasting origins.
For CPI, however, the model order is not as stable although in17 out of 20 in-
stances an ARIMA(1,1,1)(0,0,1)12 is selected. The model selected for the KPIX
and CPI series is of order ETS(A,N,N), with no dampening, in all instances; i.e.
a standard exponential smoothing model.
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