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1 Introduction

The directional accuracy of forecasts is arguably the most important forecast evaluation criteria,

as it is most closely related to decision-making (Granger and Pesaran, 2000; Öller and Barot, 2000)

and profits (Lai, 1990; Pesaran and Timmermann, 1995; Leitch and Tanner, 1991; Anatolyev and

Gerko, 2005). However, the study of directional accuracy in economic forecasting involves unique

challenges when dealing with temporally aggregated data, such as monthly averages or quarterly

sums. Drawing parallels from finance, where returns are calculated using end-of-period observations

to avoid spurious predictability, this paper examines a similar phenomenon when assessing forecast

directional accuracy of temporal aggregated data, a common forecast objective in economics. Under

the usual approach to assessing directional accuracy of temporally aggregated data, the aggregate

will appear predictable even if the underlying high-frequency series is a random walk. Since the

direction of changes of a random walk are by definition unpredictable, the apparent predictability

of the aggregate series arises by construction. This creates a risk that macroeconomists or pol-

icymakers may rely on models that appear useful, even when their apparent good performance

is spurious. Herein, we consider how a forecaster can maintain the objective of forecasting the

temporal aggregate and avoid spurious directional predictability.

The issue is how one computes the sign of changes in the variable of interest. The standard ap-

proach when forecasting uses the change in the aggregate relative to the last aggregate observation.

For example, surveys have documented that the period average no-change was applied universally

for forecasts of period average primary commodity prices (Ellwanger and Snudden, 2023; Farag

et al., 2024) and for period average bilateral and effective exchange rates (McCarthy and Snud-

den, 2024). In some ways, this is surprising, as the issue of spurious predictability for temporally

aggregated data is well known. However, the solution has always been to instead forecast the

disaggregated or point-in-time sampled data. It has remained unclear how to proceed when a fore-

caster is to maintain the objective of forecasting the temporal aggregate. This is important since

in numerous instances the temporal aggregate is the primary interest. For example, period-average

exchange rates may be more informative about trade flows during the period than end-of-period

exchange rates. In this paper, we demonstrate that the current practice raises serious concerns

over the validity of existing conclusions, but we also show that it is possible to forecast a temporal

aggregate and maintain valid inference. There are two main contributions.

The first contribution is to study the random walk null in the assessment of forecast directional
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accuracy of temporal aggregates. In particular, we focus on mean directional accuracy, commonly

referred to as the Success Ratio, (SR). A SR is the proportion of times that a forecast correctly

predicts the direction of changes over a sample period. A SR of 0.5 is interpreted as showing that a

model is no better than a coin flip at guessing the direction in which a series will move. We prove

that if one computes changes relative to the latest aggregate then the expected SR is above 0.5

even when the high-frequency data is a random walk, and hence unpredictable. In contrast, a SR

of 0.5 arises only when directional accuracy of the temporal aggregate is computed relative to the

latest end-of-period level. Therefore, a forecaster can maintain the goal of forecasting the temporal

aggregate while comparing against the random walk forecast only by evaluating directional accuracy

relative to the latest high-frequency observation.

Second, we conduct simulation analysis to evaluate the validity of hypothesis testing for forecasts

of temporal aggregates. Under the random walk null hypothesis,1 we quantify that sizable gains in

SRs of over 20 percentage points arise spuriously for period-average forecasts of weekly, monthly,

and quarterly data. We then conduct power analysis of Pesaran and Timmermann (2009) tests

which are commonly used to test the null that these two categorical variables are independent of

one another, which is interpreted as no directional accuracy.2 We find that the null hypothesis

is rejected more frequently than the intended level of significance when changes in model-based

forecasts are computed relative to the latest aggregate (an example of spurious predictability), but

not when changes are relative to the latest end-of-period observation. Under the alternative, when

the high-frequency data is persistent but not a random walk, we find the test has reduced power

to detect this violation of the null when changes are computed relative to the latest aggregate. We

conclude that the test of Pesaran and Timmermann (2009) exhibits substantial power and valid

inference for forecasts of temporal aggregates when directional accuracy is assessed relative to the

latest high-frequency observation.

An empirical application to United States Treasury yields is then presented, which confirms the

importance of the insights herein to the predictability of temporal aggregates in practice.

The findings help bridge the gap between the theoretical and practical assessment of forecast di-

rectional accuracy for temporally aggregated macroeconomic variables. The seminal works of Work-

ing (1960), Weiss (1984) and Marcellino (1999), demonstrate that the aggregation of (V)ARIMA

processes leads to inherent predictability. The current paper furthers the understanding of this ef-

1I.e. when the high-frequency data is a random walk, and hence unpredictable.
2One can view the sign of the actual change in the variable as a categorical variable, and the sign of the forecasted

change in the variable as another categorical variable.
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fect on forecast directional accuracy, previously studied in terms of mean-squared precision by Tiao

(1972), Wei (1978), and Ellwanger and Snudden (2023). Moreover, our analysis extends hypothesis

testing of directional forecasts (Pesaran and Timmermann, 1992, 2009; Bürgi, 2024) to the context

of temporal aggregation. We show that in practice, if the disaggregated data is observed, it is

possible to maintain the goal of forecasting a temporal aggregate and avoid spurious predictability.

In contrast, when the disaggregated data is not observed, this is not possible. While one can test

directional accuracy of the temporal aggregate against the period average no change benchmark,

this would not provide valid inference against the random walk null hypothesis. Together, the

results indicate that care must be taken to assess the directional accuracy of forecasts of temporal

aggregates to avoid spurious predictability.

2 Success Ratios for Directional Accuracy

We analyse forecast directional accuracy when a high-frequency series is temporally aggregated

to a lower time frequency (e.g. daily to monthly). Of paramount importance is the case where

the underlying high-frequency series is a random walk, so the direction of change is unpredictable

by definition. In this case, the SR (mean directional accuracy) for any method of forecasting the

high-frequency series will be 0.5 in expectation, though the SR may be higher or lower in a finite

sample by chance. In contrast, a SR above 0.5 would be evidence that a forecast is more useful

than random guesses in predicting the direction of change.

To make our claims precise, we introduce some notation. For concreteness, we present the

theorem in terms of month-averages of a daily series, but it can be applied to any frequency. The

daily level on day t = 1, 2, . . . , T is denoted Dt. The number of days in a month is denoted n, and

is assumed equal across all months. The average level in month m = 1, 2, . . . ,M , where T = nM ,

is Am = 1
n

∑n
i=1D(m−1)n+i. The end-of-month level in month m is denoted Zm and equals Dmn.

The theorem (and the simulations in the next section) are stated in terms of period-averages, but

also apply to period-sums.3

Consider a forecaster in month m making a forecast for the level of the average h-months ahead,

3Suppose one is forecasting a period-sum
(∑n

i=1 D(m−1)n+i

)
One can equivalently forecast the period-average(

1
n

∑n
i=1 D(m−1)n+i

)
and multiply the result by the result by n. Multiplying by n does not change the sign of actual

or forecasted changes. This has two implications. Firstly, the theorem in this section can be applied to period-sums,
as multiplying by n doesn’t affect success ratios. Secondly, the simulations in section 3 apply to period-sums, as the
hypothesis test for directional accuracy is a Pesaran and Timmermann (2009) test of the independence of the sign of
actual and forecasted changes, which are unaffected by multiplying by n.
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Am+h. The directional accuracy of a ‘candidate’ forecast is defined as:

scandidate vs bench
m,h ≡ 1

{
sgn(Am+h − Âbench

m+h|m) = sgn(Âcandidate
m+h|m − Âbench

m+h|m)
}
, (1)

where Âcandidate
m+h|m is the candidate forecast, Âbench

m+h|m is the benchmark forecast, and 1[·] is an indicator

function with 1 if true and 0 otherwise. The sign function is:

sgn(x) ≡


1 x > 0

−1 x ≤ 0.

The benchmark forecast is always a no-change forecast, so directional accuracy can be inter-

preted as whether the candidate forecast correctly guessed the direction in which the series moved.

When the benchmark is the month-average no-change (avg), directional accuracy of the candidate

forecast equals 1 if the change in the month-average series, (Am+h −Am) is in the same direction

expected by the candidate,
(
Âcandidate

m+h|m −Am

)
.

scandidate vs avg
m,h ≡ 1

{
sgn (Am+h −Am) = sgn

(
Âcandidate

m+h|m −Am

)}
, (2)

An alternative benchmark is the end-of-month no-change (EOM), which is the last disaggregated

observation in the forecasters information set. In this case, the change in the series is measured

from the last day of the forecast month m to the month-average of the future month (m+ h).

scandidate vs EOM
m,h ≡ 1

{
sgn (Am+h − Zm) = sgn

(
Âcandidate

m+h|m − Zm

)}
, (3)

The SR is the sample mean of the directional accuracy of a sample of forecasts (Pesaran and

Timmermann, 1992). Given a full sample of months m = 1, ...,M , one selects a subsample of

months mmin, (mmin +1), ...,mmax, where mmin ≥ 1 and mmax ≤ (M − h). For each month in the

subsample, a candidate model is used to generate a h-step-ahead forecast using the data available

up to the end of that month. The success ratio of this sample of h-step-ahead forecasts is defined

as:

SRcandidate vs bench
h ≡ 1

(mmax −mmin + 1)

mmax∑
m=mmin

scandidate vs bench
m,h (4)
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Suppose the data generating process of the daily frequency data is a random walk:

Dt = Dt−1 + et ∀ t (5)

where the initial level D0 is a constant, each error et is independent of the error in other periods

and the past levels of all other variables, and the distribution of each error et is continuous and

symmetric about 0.

We now show that differences between period-average and end-of-period levels can be expressed

in terms of the error in the random walk. This will be used in the proof of the main theorem.

Lemma 1. The difference between the current end-of-month level and current month-average level,

(Zm −Am), is a weighted sum of errors in month m.

Zm −Am =
n∑

j=1

e(m−1)n+j −
1

n

n∑
i=1

 i∑
j=1

e(m−1)n+j

 (6)

Lemma 2. The difference between the future month-average and current end-of-month, (Am+h −

Zm), is a weighted sum of errors in months (m+ 1) to (m+ h).

Am+h − Zm =
hn∑

j=n+1

e(m−1)n+j +
1

n

n∑
i=1

 i∑
j=1

e(m+h−1)n+j

 (7)

Proof of lemmas 1 and 2. These are derived from repeated substitution, see online appendix A

These lemmas show that the terms (Zm − Am) and (Am+h − Zm) are linear combinations of

the random walk errors of different months. Since the errors are independent of one another, these

terms must be independent of each other. Independence implies that the sign of the former term is

not useful in predicting the sign of the latter term, which plays a key role in the proof that follows.

We now introduce our main theorem, which shows how the SRs compare to a half in the case

when the high-frequency series is a random walk.

Theorem 1. Suppose the data generating process of the daily frequency data is a random walk, as

given by equation (5).

(a) Suppose the candidate is end-of-month no-change and the benchmark is month-average no-
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change. Then the expected SR is strictly greater than half.

E
[
SREOM vs avg

h

]
>

1

2

(b) Suppose the candidate is any function of the levels of variables up to the time the forecast is

made, and the benchmark is end-of-month no-change. Then the expected SR is a half.

E
[
SRcandidate vs EOM

h

]
=

1

2

Proof of Theorem 1(a). For convenience, define terms u and v by:

u ≡ P[(Am+h − Zm) > 0 ∩ (Zm −Am) > 0]

v ≡ P[(Am+h −Am) > 0 ∩ (Zm −Am) > 0]

The expected success ratio equals the expected directional accuracy for any month m.

E
[
SREOM vs avg

h

]
=

1

(mmax −mmin + 1)

mmax∑
m=mmin

E
[
sEOM vs avg
m,h

]
= E

[
sEOM vs avg
m,h

]
∀ m (8)

Equation (8) holds because the success ratio is a function only of the random variables (Am+h−Am)

and (Zm −Am), whose distributions do not depend on the month m. The reason is that the terms

(Am+h −Am) and (Zm −Am) are sums of the errors of the random walk (see lemmas 1 and 2).

To prove theorem 1(a), we will show that expected directional accuracy in any month is greater

than 1
2 .

E[sEOM vs avg
m,h ] = 2v > 2u = 2× 1

4
=

1

2
(9)

First, we prove the first equality in equation (9), which is that directional accuracy equals 2v.

When the candidate is end-of-month no-change and the benchmark is month-average no-change,
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directional accuracy can be written:

E
[
sEOM vs avg
m,h

]
= E [1 {sgn(Am+h −Am) = sgn(Zm −Am)}]

= P[sgn(Am+h −Am) = sgn(Zm −Am)]

= P[(Am+h −Am) > 0 ∩ (Zm −Am) > 0] + P[(Am+h −Am) ≤ 0 ∩ (Zm −Am) ≤ 0]

= P[(Am+h −Am) > 0 ∩ (Zm −Am) > 0] + P[(Am+h −Am) < 0 ∩ (Zm −Am) < 0]

(10)

= 2× P[(Am+h −Am) > 0 ∩ (Zm −Am) > 0] = 2v (11)

Equality (10) holds because the terms (Am+h − Am) and (Zm − Am) are continuous random

variables, as they are the sum of errors (by lemmas 1 and 2), and the errors are continuous. Equality

(11) holds because the terms (Am+h − Zm) and (Zm − Am) are symmetric about zero, since they

are sums of errors that are symmetric about zero.

Second, we prove the inequality in equation (9), which is 2v > 2u, or equivalently, v > u.

v ≡ P[(Am+h −Am) > 0 ∩ (Zm −Am) > 0]

= P[((Am+h − Zm) + (Zm −Am)) > 0 ∩ (Zm −Am) > 0]

= P[((Am+h − Zm) + (Zm −Am)) > 0|(Zm −Am) > 0]× P[(Zm −Am) > 0]

> P[(Am+h − Zm) > 0|(Zm −Am) > 0]× P[(Zm −Am) > 0] (12)

= P[(Am+h − Zm) > 0]× P[(Zm −Am) > 0]

= u

Inequality (12) holds because P [x+ y > 0|y > 0] > P [x > 0|y > 0] for any numbers x and y.

Third, we show that u equals 1
4 .

u = P[(Am+h − Zm) > 0]× P[(Zm −Am) > 0] (13)

=
1

2
× 1

2
=

1

4
(14)

Equality (13) holds because the terms (Am − Zm) and (Am+h − Zm) are independent of each

other. We know the terms are independent because the former term is the sum of errors in m (see

lemma 1), the latter is the sum of errors in (m+1) to (m+h), and {e} is an independent sequence.
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Equality (14) holds because the terms (Am − Zm) and (Am+h − Zm) are symmetric about zero,

since they are linear combinations of errors that are symmetric about zero.

Proof of Theorem 1(b). The expected success ratio equals the sample mean of expected directional

accuracy.

E
[
SRcandidate vs EOM

h

]
=

1

(mmax −mmin + 1)

mmax∑
m=mmin

E
[
scandidate vs EOM
m,h

]

We will show the expected success ratio equals 1
2 by showing that expected directional accuracy

equals 1
2 for every month m. For any month m:

E
[
scandidate vs EOM
m,h

]
≡ E

[
1
{
sgn(Am+h − Zm) = sgn

(
Âcandidate

m+h|m − Zm

)}]
= P

[
sgn (Am+h − Zm) = sgn

(
Âcandidate

m+h|m − Zm

)]
= P

[
(Am+h − Zm) > 0 ∩

(
Âcandidate

m+h|m − Zm

)
> 0

]
+ P

[
(Am+h − Zm) ≤ 0 ∩

(
Âcandidate

m+h|m − Zm

)
≤ 0

]
= P[(Am+h − Zm) > 0]× P

[(
Âcandidate

m+h|m − Zm

)
> 0

]
+ P[(Am+h − Zm) ≤ 0]× P

[(
Âcandidate

m+h|m − Zm

)
≤ 0

]
(15)

=
1

2
× P

[(
Âcandidate

m+h|m − Zm

)
> 0

]
+

1

2
× P

[(
Âcandidate

m+h|m − Zm

)
≤ 0

]
(16)

=
1

2

Equality (15) holds because (Am+h − Zm) and (Âcandidate
m+h|m − Zm) are independent. This is true

because: i) the former term depends solely on errors from (m+ 1) to (m+ h), as shown in lemma

2; ii) the latter term depends solely on the initial level and errors up to month m, and the levels

of other variables up to month m;4 iii) the errors from (m+ 1) to (m+ h) are independent of the

errors up to month m and the past levels of all other variables, by the random walk assumption

(5).

Equality (16) holds because the term (Am+h − Zm) is the sum of the errors of a random walk

(see lemma 2). The term is continuous and symmetric about zero because the errors are continuous

and symmetric about zero. Hence, the probability that the term is strictly positive is half, and the

probability it is negative or zero is also a half.

4A candidate forecast Âcandidate
m+h|m only depends on variables up to the time it is made, so it only depends on the

daily data’s initial level and errors up to m, and on the levels of other variables up to m. The end-of-period level,
Zm = D(m−1)n +

∑n
j=1 e(m−1)n+j , depends only on the initial level and errors up to month m.
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Theorem 1(a) shows that if the SR is computed relative to the latest period-average level, it

is trivial to find candidates whose expected SR is above 0.5, with the end-of-period no-change

being one such example. This is undesirable, as it implies that the SR will often suggest that a

candidate model can guess the direction of changes, but this arises by construction, and hence

does not indicate that the model is useful. Theorem 1(b) shows that an SR computed relative to

the end-of-period level will equal 0.5 in expectation for any candidate model, which is appropriate

given the underlying series is unpredictable.

3 Simulation Evidence

Simulation experiments now quantify the assessment of directional accuracy for forecasts of tem-

porally aggregated data. Let the daily data, Dt, be represented by an autoregressive model with

one lag, AR(1), Dt = ρDt−1 + et, such that ρ = 1 is the random walk model, equation 5, and

et ∼ N(0, 1).5 The simulated data is aggregated, Am to weekly, monthly, or quarterly frequency,

with n = 5, 21, or 62, respectively.6 The baseline simulations burn the first 500 daily observa-

tions and use 40 years worth of daily data, consistent with applications where daily data has been

available since the early-1980s. The simulations are described in terms of period-averages, but also

apply to period-sums (see footnote 3).

3.1 Comparison of No-Change Forecasts

Out-of-sample period-average no-change forecasts, Am, are compared to the end-of-period no-

change forecasts, Zm, and vice versa, see Table 1. In this table, the daily series is a random

walk, ρ = 1, and hence unpredictable. The simulations help us quantify theorem 1. Columns 2

to 4 show that the expected SR of a period-average no-change forecast against the end-of-period

no-change benchmark is 0.5, consistent with theorem 1(b).

In contrast, the expected SR of an end-of-month forecast against the month-average forecast is

greater than 0.5, as shown by theorem 1(a). However, the theorem cannot say how much above 0.5.

Table 1, columns 5 to 7, quantifies that the success ratios for the end-of-period no-change forecast

relative to the period-average no-change forecast in the case where the random walk error, et, is

5Success ratios and tests of Pesaran and Timmermann (2009) do not depend on the initial level or variance of
the daily series.

6Temporally aggregated economic data are typically built using daily data such as simple averages of closing
values on business days (e.g. exchange rates, commodity prices, and interest rates), which is why we assume there
are n = 5 days in a week, n = 21 in a month and 62 in a quarter.
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Table 1. Directional Accuracy is Expected when Compared to the Period Average No-Change

Notes: Success ratios from forecasts of end-of-period and period average no-change
forecasts. 5000 simulations, using 40 years of data. Standard deviation of the success
ratios in brackets.

normally distributed. The SR is 70, 74, and 75 percent at the one-step-ahead for weekly, monthly,

and quarterly forecasts, respectively. Thus, sizable gains in directional accuracy are spuriously

expected when forecasts are compared to the period-average no-change, even though the daily data

is inherently unpredictable.

3.2 Tests of Directional Accuracy for Bottom-up Forecasts

Suppose one wanted to test the null hypothesis that the expected success ratio is 0.5. That is,

the candidate forecast is no better than a coin flip at predicting the direction in which the actual

outcome will differ from the benchmark. The sign of the actual change in the period-average

sgn(Am+h − Âbench
m+h|m) and the sign of the forecasted change sgn(Âcandidate

m+h|m − Âbench
m+h|m) are both

categorical variables. Given a time series of these categorical variables, we test the null hypothesis

that they are independent of each other using the Pesaran and Timmermann (2009) test.7 This

test is ideal for our situation, as it is valid even if each of the categorical random variables is

serially correlated. Under the null of independence, the sign of the forecasted change contains

no information about the sign of the actual change, so the forecasting method has no directional

accuracy. However, if we reject the null of independence, then the forecasting method either has

directional accuracy (if the SR is above 0.5) or could be reversed to obtain a method with directional

accuracy (if the SR is below 0.5).

To see how the benchmark itself affects power, we need to keep the candidate forecast the same

and vary only the benchmark. A bottom up forecast is a good candidate forecast of the period

7The test uses Newey and West (1987) standard errors with 4(N/100)2/9 lags, where N is the observations in the
forecast evaluation sample. The test statistics are evaluated using the standard normal.
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average forecast of the AR(1) model. Specifically, an AR(1) model is estimated with ordinary least

squares on the daily data. The estimate of ρ is used it to construct dynamic forecasts of the daily

series, and then these forecasts are ex-post averaged to the desired lower frequency. We reserve the

second half of the sample to evaluate out-of-sample forecasts, and reestimate the model with an

expanding window in every period.

Table 2. Comparison Relative to the Period Average Results in Type I Error and Power Loss

Notes: Rejection rate of the bottom-up forecasts using the Pesaran and Timmermann (2009) test relative to alter-
native no-change benchmarks. The daily random walk is given by ρ = 1; whereas ρ = 0.9 implies a predictable data
generating process. 5000 simulations, using 40, 20, and 10 years worth of data. Tested at the 5 percent level.

The simulations in Table 2 provide evidence on the power of hypothesis tests of directional

accuracy using 40, 20 and 10 years of data. When the daily data is unpredictable, ρ = 1, testing

relative to the end-of-period no-change closely reflects the 5 percent significance level. Moreover,

the corresponding SRs take on a value of 0.5, see Table A1. This is desirable as when ρ is 1, then the

daily series is a random walk and by definition, no candidate model should exhibit improvements
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in directional accuracy.

Another way to implement the test of Pesaran and Timmermann (2009) is to compare relative

to the period-average no-change benchmark. When forecasting a month-average at a 1-month

horizon, the null is rejected 100 percent of the time when ρ = 1. This may be a valid test of whether

sgn(Am+h − Âbench
m+h|m) is independent of sgn(Âcandidate

m+h|m − Âbench
m+h|m). However, it is an invalid test of

our underlying question, which is whether there are candidates with directional accuracy, since it

rejects more than 5 percent of the time when the daily series is a random walk.

Now consider when the daily data is a predictable stationary AR(1) with ρ = 0.9. When

comparing relative to the end of period no-change forecast, the test exhibits substantial power

at all horizons, even with only tens of years of data (i.e. 5 years of forecasts). In contrast, when

comparing relative to the period average no-change, the last three columns, the null is often rejected,

but not quite as often. The testing of directional accuracy relative to the monthly average no-change

exhibits loss of predictive power relative to comparisons against the end-of-period no-change.

Together, the findings show that care needs to be taken to assess directional accuracy of temporal

aggregates. Assessing directional accuracy of the temporal aggregate relative to the period average

no-change results in inflated type 1 error under the null and loss of power under the alternative.

To assess directional accuracy, one should instead use the test of Pesaran and Timmermann (2009)

relative to the end-of-period no-change.

4 Application

Our application focuses on forecasting the monthly average of the nominal yield on U.S. 10-Year

Treasury securities. Previous studies have compared the directional accuracy of interest rate fore-

casts against either the period-average no-change benchmark or alternative models (see, e.g. Jo-

hannsen and Mertens, 2021). In this analysis, we test directional accuracy against both the monthly

average and the end-of-month no-change benchmarks.

The daily closing data was obtained from the FRED database of the Federal Reserve Bank of

St. Louis (ticker DGS10). End-of-month observations are the closing prices on the last trading day

of each month, and the monthly average is calculated as the simple average of daily closing prices.

This data is available in real-time and is not subject to historical revisions. The time series begins

in January 1990, with the forecast evaluation period running from January 2000 to June 2023.

To construct a model-based forecast, we estimate an autoregressive moving average (ARIMA)
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model, with parameterization selected using Akaike’s information criterion (Akaike, 1974), con-

sistent with Rossana and Seater (1995). The model is intentionally kept simple to serve as an

illustrative example rather than to advocate for a specific forecasting method or to conclusively

assess the predictability of the series. We employ a bottom-up forecasting approach: the ARIMA

model is estimated on daily frequency data in differences using all available data at the end of each

month using expanding window estimation. The estimated model then forecasts the daily changes

in the rate, which are converted into levels using the model-implied cumulative sum. These daily

level forecasts are subsequently averaged to produce monthly forecasts.

Table 3. Success Ratios for Monthly Average Forecasts of the Nominal 10-Year Treasury Bonds
Against Alternative No-change Benchmarks

Horizon 1 3 6 9 12

No-change benchmark
Monthly average 0.69 (0.000) 0.60 (0.000) 0.57 (0.020) 0.57 (0.026) 0.60 (0.061)
End-of-month 0.47 (0.659) 0.49 (1.000) 0.51 (1.000) 0.54 (1.000) 0.58 (1.000)

Note: Out-of-sample forecasts of the nominal monthly average 10-Year Treasury Securities yield in levels, 2000M1–
2023M6. Forecast criteria reported relative to the end-of-month and monthly average no-change forecast, with
p-values of the Pesaran and Timmermann (2009) tests reported in brackets.

Table 3 presents the success ratio of the (exact same) monthly average forecasts of the nominal

10-Year Treasury yields when evaluated against both the monthly average and end-of-month no-

change benchmarks. The p-values for the null hypothesis of no directional accuracy are calculated

following Pesaran and Timmermann (2009) and are reported in brackets.

When the forecasts are evaluated against the monthly average no-change, the forecast gains are

substantial and statistically significant. However, when the forecasts are evaluated against the end-

of-month no-change benchmark, which aligns with the random walk hypothesis, the gains do not

exceed random chance (0.5) and are not statistically significant at any forecast horizon. This serves

as a clear example of how spurious predictability can arise in practice due to temporal aggregation.

5 Conclusion

We have demonstrated that only comparisons against the end-of-period no-change benchmark pro-

vide a valid test against the random walk hypothesis for forecast directional accuracy of temporally

aggregated data. Our findings challenge conventional methods of assessing forecast performance

of temporally aggregated data by demonstrating that comparisons against the period-average no-

change benchmark can lead to spurious results. Specifically, such comparisons inflate type I errors
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and reduce the power of hypothesis tests, which can mislead researchers and practitioners into be-

lieving that a forecasting model has predictive power when, in fact, any perceived gains in accuracy

are merely artifacts of the aggregation process.

Importantly, our theorem applies to any temporal aggregate. For any temporal aggregate,

improvements over the aggregate no-change benchmark should be expected and do not constitute

sufficient evidence against the random walk hypothesis. Where disaggregated data is observed, one

should use the end-of-period no change as a benchmark. Where disaggregated data is unavailable,

one should forecasts should be benchmarked against alternative forecasts, particularly those that

leverage higher-frequency data. The broad applicability of the insight bridges a gap between the

theoretical underpinnings of macroeconomic forecasting and the practical challenges faced when

dealing with real-world data.

This insight is particularly relevant for macroeconomic forecasting, where data is often aggre-

gated from daily observations, such as in the study of interest rates, exchange rates, as well as

primary and non-primary commodity prices. As the use of high-frequency data continues to grow

(for instance, through scanner and online sales data for consumer prices) adhering to the principles

outlined in this paper will become increasingly applicable. Fortunately, a forecaster can maintain

the goal of forecasting the temporal aggregate and ensure reliable evaluations of forecast directional

accuracy.
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Online Appendix

A Proof of Lemmas

The daily data is a random walk (equation (5)), so we can write it as:

D(m−1)n+i︸ ︷︷ ︸
Level on day i of month m

= D(m−1)n︸ ︷︷ ︸
Level on last day of month (m− 1)

+
i∑

j=1

e(m−1)n+j︸ ︷︷ ︸
Errors in month m

(17)

This allows us to rewrite end-of-month and month-average observations in terms of the errors.

• The end-of-month level in month m is:

Zm = D(m−1)n +
n∑

j=1

e(m−1)n+j (18)

• The month-average level in month m is:

Am =
1

n

n∑
i=1

D(m−1)n +
i∑

j=1

e(m−1)n+j

 = D(m−1)n +
1

n

n∑
i=1

 i∑
j=1

e(m−1)n+j

 (19)

• The month-average level in month (m+ h) is:

Am+h =
1

n

n∑
i=1

D(m+h−1)n +

i∑
j=1

e(m+h−1)n+j

 (20)

= D(m+h−1)n +
1

n

n∑
i=1

 i∑
j=1

e(m+h−1)n+j

 (21)

= D(m−1)n +
n∑

j=1

e(m−1)n+j +
hn∑

j=n+1

e(m−1)n+j +
1

n

n∑
i=1

 i∑
j=1

e(m+h−1)n+j

 (22)

The difference between the current end-of-month level and current month-average level, (Zm −

17



Am), is a weighted sum of errors in month m. Equations (19) and (18) imply:

Zm −Am

=

D(m−1)n +
n∑

j=1

e(m−1)n+j

−

D(m−1)n +
1

n

n∑
i=1

 i∑
j=1

e(m−1)n+j


=

n∑
j=1

e(m−1)n+j −
1

n

n∑
i=1

 i∑
j=1

e(m−1)n+j


︸ ︷︷ ︸

Errors in m

(23)

Similarly, the difference between the future month-average and current end-of-month, (Am+h−

Zm), is a weighted sum of errors in months (m+ 1) to (m+ h). Equations (22) and (18) imply:

Am+h − Zm

=

D(m−1)n +
n∑

j=1

e(m−1)n+j +
hn∑

j=n+1

e(m−1)n+j +
1

n

n∑
i=1

 i∑
j=1

e(m+h−1)n+j


−

D(m−1)n +
n∑

j=1

e(m−1)n+j


=

hn∑
j=n+1

e(m−1)n+j︸ ︷︷ ︸
Errors in (m+ 1) to (m+ h− 1)

+
1

n

n∑
i=1

 i∑
j=1

e(m+h−1)n+j


︸ ︷︷ ︸

Errors in m+ h
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B Success Ratios for Bottom Up Forecasts

Table A1. Corresponding Success Ratios for Bottom Up Forecasts in Table 2

Notes: Success ratios for the bottom-up forecasts from Table 2. The daily random walk is given by ρ = 1; whereas
ρ = 0.9 implies a predictable data generating process. 5000 simulations, using 40, 20, and 10 years worth of data.
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