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TREASURY’S FORECASTING PERFORMANCE 

Introduction 

Treasury carries out regular internal monitoring of its forecasting performance.  Since mid-
2002 we have been undertaking a more comprehensive analysis of our economic and fiscal 
forecasting records.  This report presents the key results of that analysis, updating the report 
published in 20031. 
 
Key Results 

Economic forecasts 

• Forecasts of GDP (real and nominal) and CPI inflation are unbiased, i.e. on average, 
they tend to be neither too low nor too high. The accuracy measures of these forecasts, e.g. 
the root mean square errors, compare favourably with the accuracy measures of forecasts 
made by other forecasting agencies in New Zealand. 

Tax forecasts 

• Forecasts of tax revenue and receipts are unbiased. 

• We have also investigated the proposition that, given a perfect macroeconomic 
forecast, the tax forecasts would be persistently too low. We have found no evidence to 
suggest that this is the case. 

Fiscal balance 

• The Crown’s operating balance is mostly the relatively small difference between two 
very large components, i.e. revenue less expenses. Small errors in the forecasting of these 
can translate into relatively large errors in the net operating balance. 

• Furthermore, certain elements of the operating balance are not forecast and this needs 
to be allowed for in the analysis. Examples of non-forecast items include Government 
Superannuation Fund (GSF) pension liability movements, foreign exchange gains and 
losses, and gains and losses on assets sales. 

• Adjusting for these non-forecast items, operating balance forecasts are unbiased. 

• The mean absolute errors of Treasury’s operating balance forecasts compare 
favourably with the mean absolute errors of fiscal balance forecasts made by other similar 
agencies in the UK and the USA. 

Net cash flows 

• Current-year forecasts of the net movement in cash tend to be too low. This looks to be 
chiefly the result of forecasts of operating expenditures, benefit expenditures and physical 
asset purchases tending to be too high (as spending tends to occur later than originally 
planned). 
                                                 
1 See Treasury’s Forecasting Performance at www.treasury.govt.nz/forecasts/performance/ 
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Why analyse forecast performance? 

We want to be able to determine if Treasury’s forecasts are any good. How accurate are 
they? Is the information that they provide useful? If the forecasts are wildly inaccurate, then 
what can we do to improve the forecasting processes? 
 
We would also like to know if Treasury is consistently under-forecasting or over-forecasting. 
Under- or over-forecasting can have some potentially damaging consequences. For 
example, persistently under-forecasting the Crown’s operating balance means that the 
government may decide not to proceed with spending initiatives that it could have actually 
afforded, or persistent over-forecasting may cause the government to spend money that it 
can’t really afford to, causing debt levels to increase. So if forecasts of some elements do 
tend to be always too high or always too low, then we would certainly want to do something 
to correct this. 
 
How Treasury Forecasts 

Economic 
forecasts

Departmental 
forecasts

Debt 
forecasts

Tax and benefit 
forecasts

Fiscal 
forecasts

Others’ 
forecasts

Talks with 
business

Economic 
data

Tax and 
benefit data

Talks with tax 
practitioners

Government 
policy

 
 
Twice each year, Treasury produces economic and fiscal forecasts. The first forecast each 
year is usually prepared for the government’s annual Budget and published as the Budget 
Economic and Fiscal Update around May or June. The second forecast is usually released in 
December, a week or two before Christmas, published as the December Economic and 
Fiscal Update. In an election year, there may be another forecast published four to six weeks 
before the general election, called the Pre-Election Economic and Fiscal Update. 
 
Treasury starts by preparing an economic forecast. This is produced by the macroeconomic 
forecasting team, which devotes four to six weeks to the task at each forecasting ‘round’. The 
economists will examine recent economic data, examine the forecasts produced by other 
New Zealand economic forecasters and discuss the state of the New Zealand economy with 
many business people around the country. They will then run a variety of forecasting models 
to produce forecasts of many macroeconomic variables, such as gross domestic product 
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(GDP) and Consumer Price Index (CPI) inflation. These forecasts typically cover the next 
four to five years. 
 
While being an end product within itself, the economic forecast is also an input into other 
parts of the forecasting process. Treasury’s tax forecasting team uses various elements of 
the economic forecast to predict future tax revenues. The benefit forecasters at the Ministry 
of Social Development (MSD) and Inland Revenue (IRD) use parts of Treasury’s economic 
forecasts, e.g. the labour market and CPI inflation, to predict future benefit payments. 
Treasury’s Debt Management Office uses the economic forecasts in settling on a bond 
programme. 
 
While all of this is going on, all departments plus SOEs and Crown Entities are also 
preparing their forecasts of revenues and expenses for the next few years. 
 
Treasury’s Budget accountants pull together the tax, benefit, departmental, SOE, Crown 
Entity and DMO forecasts into one big fiscal forecast. They produce forecast financial 
statements for the current year and the following four years. These statements contain such 
things as Statements of Financial Performance, Statements of Financial Position and 
Statements of Cash Flows, similar to what any company would produce. 
 
Perhaps the key variable that comes out of all this is the operating balance. This is the 
difference between revenues and expenses and may be thought of as being analogous to a 
business’s profit. In a similar manner to a business proprietor reinvesting profits back into the 
business, so too the Government reinvests any operating surpluses back into New Zealand 
by, for example, making contributions to the New Zealand Superannuation Fund to contribute 
to future New Zealand Superannuation payments, purchasing assets such as buildings and 
defence equipment, and funding student loan advances to help students access tertiary 
education. The performance of forecasts of the Crown’s operating balance is analysed in 
some detail in this report. 
 
A more complete description of Treasury’s forecasting process can be found at 
http://www.treasury.govt.nz/forecasts/process/. 
 
How can we analyse forecast performance? 

Essentially, there are two desirable properties that we would like the forecasts to have. We 
would like the average forecast errors, i.e. the difference between the actual outcomes and 
the forecasts, to be zero, which would indicate that, on average, the forecasts are neither too 
low nor too high. We would also like the variance of the forecast errors to be as small as 
possible, which would indicate that, on average, the forecasts stay within some relatively 
small distance of the actual outcomes. 
 
To test the first property, we examine the average of the forecast errors over time. It is 
extremely unlikely that this will equate to exactly zero, so we perform a further test on this 
average to test if it is ‘significantly different’ from zero. If it is significantly different from zero, 
we conclude that, in all likelihood, the forecasts are biased, tending to be either too high or 
too low, on average. If the average is not significantly different from zero, then we conclude 
that we do not have enough evidence to suggest that the forecast is biased, which is not 
quite the same as saying that the forecasts are unbiased. 
 
The term ‘biased’ does not imply that Treasury is deliberately pitching its forecasts one way 
or another. Rather, it merely indicates if Treasury’s forecasts are persistently too high or too 
low. This could be happening for a variety of reasons. For example, a forecasting model may 
be biased because it is missing a key variable or is based on flawed data. Note that, in some 

Treasury:604620v3   3 



cases, it may be better to use a biased model instead of an unbiased model, as described in 
the annex to the report. 
 
To test the second property, we examine measures of the magnitude of the errors such as 
mean absolute error (MAE) and root mean square error (RMSE). These measures are also 
described in the report’s annex. 
 
Caveats 

The analysis covers the period 1991 to 2004 for the economic forecasts, and 1994 to 2004 
for the fiscal forecasts. We started from 1991 for the economic forecasts as this is the 
earliest year for which we have reliable historical forecast data and we start from 1994 for the 
fiscal forecasts as 1994 marked the introduction of accrual accounting for the Crown 
accounts.  This yields relatively small samples of observations and so we are unable to get 
precise estimates of the mean forecasting errors. 
 
Some of the analysis suggests that there may be correlation of forecasting errors over time. 
That is, we get runs of persistent under-forecasting or over-forecasting, indicating that a 
positive (or negative) forecasting error in one year may increase the likelihood of a positive 
(or negative) forecasting error in the following year. However, a reliable test of such 
correlation usually requires a data series of at least 30 observations, but we typically only 
have 10 to 15 observations, for the reasons given above. Therefore, we cannot reliably test 
for correlations of errors over time. 
 
Because of these two problems caused by the relatively short data series, it is difficult to 
draw strong conclusions from the analysis. 
 
It is important to recognise that Treasury’s forecasts assume no change in Government 
policy and make technical assumptions about the long-run equilibrium values of certain 
variables (e.g. the exchange rate). This means that the forecasts will not capture all 
information relevant to future economic and fiscal outcomes. 
 
It is also important to realise that the forecasting models and methods have changed over 
time as science and technology have advanced; we now have more sophisticated 
forecasting techniques than we did ten years ago, and desktop computing power has also 
increased dramatically. Thus, we are not testing the performance of a particular forecasting 
model, but of an evolving forecast process. This will have had some effect on the forecasting 
errors, but we are unable to quantify any such effects. 
 
The analysis is restricted to forecast performance and does not consider any policy 
implications. 
 
Where to from here? 

Treasury will continue to monitor the performance of its forecasts. When the annual Crown 
Financial Statements are released each year, we will update and publish the forecast 
performance statistics along with some commentary. We will also produce further reports 
such as this one in the future, although it is not our intention to do this every year. 
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Analysis of the Economic Forecasts 

This section evaluates Treasury’s forecasts of New Zealand real GDP growth, CPI inflation 
and nominal GDP.  Although many other economic variables are also forecast, the focus is 
on output and inflation because they are key economic variables of interest and also have a 
major influence on the fiscal forecasts. 
 
Descriptions of the measures used in producing this analysis are contained in the Annex to 
this report. Treating the Budget Economic and Fiscal Updates (BEFUs) and December 
Economic and Fiscal Updates (DEFUs) separately, there are generally 14 data points for the 
economic forecasts and 11 data points for the fiscal forecasts. 
 
Real GDP growth, CPI inflation and nominal GDP growth forecasts 

Table 1 presents the four performance measures for Treasury’s real GDP growth, CPI 
inflation and nominal GDP growth annual forecasts.  The sample period for evaluation is the 
year ended March 1991 to the year ended March 2004, covering forecasts produced from 
the 1989 Economic Strategy2 to the 2003 DEFU. 
 
Table 1 – Performance measures of Treasury’s GDP and CPI forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

Real GDP Growth      

BEFUs Year-
ahead 

21-24 
mths -0.40 1.63 2.05 0.63 

DEFUs Year-
ahead 

16-19 
mths -0.21 1.92 2.19 0.84 

BEFUs Current 9-12 
mths -0.09 1.31 1.51 0.54 

DEFUs Current 4-7 mths 0.41 0.71 0.99 0.47 

CPI Inflation      

BEFUs Year-
ahead 

21-24 
mths 0.31 0.93 1.14 0.47 

DEFUs Year-
ahead 

16-19 
mths 0.12 1.11 1.41 0.58 

BEFUs Current 9-12 
mths 0.16 0.74 1.03 0.61 

DEFUs Current 4-7 mths -0.32 0.56 0.72 0.43 

 
Note: The sample period is from the year ended March 1991 to the year ended March 2004. For the years 1993 
and 1999, the Pre-Election Economic and Fiscal Update (PREFU) forecasts were used in place of the DEFU. 
Forecast horizon refers to the number of months between the forecasts being finalised and the period the forecast 
relates to. Mean errors marked with an asterisk were found to be significantly different from zero at the five 
percent significance level. 

                                                 
2 Prior to the introduction of the Fiscal Responsibility Act 1994, the economic forecast accompanying each budget 
was included in the Economic Strategy publication. 
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Table 1 continued 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

Nominal GDP (Expenditure) Growth     

BEFUs Year-
ahead 

21-24 
mths -0.72 2.12 2.57 0.63 

DEFUs Year-
ahead 

16-19 
mths -0.67 2.18 2.89 0.79 

BEFUs Current 9-12 
mths -0.44 1.48 1.83 0.48 

DEFUs Current 4-7 mths 0.00 1.00 1.13 0.38 
 
Note: The sample period is from the year ended March 1991 to the year ended March 2004. For the years 1993 
and 1999, the PREFU forecasts were used in place of the DEFU. Forecast horizon refers to the number of 
months between the forecasts being finalised and the period the forecast relates to. Mean errors marked with an 
asterisk were found to be significantly different from zero at the five percent significance level. 
 
Over all the forecast horizons examined, the mean errors are not statistically different from 
zero (at the 5% significance level), indicating that any given GDP growth or CPI inflation 
forecast is just as likely to be too high as too low. 
 
The magnitude of the errors generally declines as the forecast horizon gets shorter, which is 
not surprising given that accuracy is expected to improve the closer we get to the period the 
forecast relates to. All the U-coefficient values are less than one, suggesting that the 
Treasury forecasts perform better on average than a naive model where the naive forecast is 
the previous observation. 
 
Knowing that Treasury’s economic forecasts are superior to a naive model provides 
somewhat limited comfort.  Another benchmark can be obtained by comparing Treasury 
forecasts against the NZIER3 Consensus Forecasts.  Since the early 1990s, the NZIER has 
been surveying financial and economic agencies on their forecasts of key economic 
variables for the next two to three years.  The forecasts are averaged and published every 
quarter.4  To ensure comparability between the NZIER Consensus Forecasts and Treasury 
forecasts, the sample period is for the year ended March 1993 to the year ended March 
2004. Because of the lag between preparation and publication of Treasury’s economic 
forecasts, Consensus forecasts published in the same quarter as Treasury’s forecasts are 
based on more recent data.  To ensure that, as far as possible, we are comparing forecasts 
that are based on the same information set, we compare Treasury forecasts with NZIER 
Consensus forecasts that are published at the end of the quarter prior to that in which the 
Treasury forecasts are published. 
 

                                                 
3 New Zealand Institute of Economic Research. 
4 The NZIER Consensus Forecast sample includes forecasts made by Treasury. This means they do not 
represent a strictly “independent” comparator.  Averaging across a number of forecasters reduces the materiality 
of this issue.    
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Table 2 – Treasury forecasts and NZIER Consensus Forecasts (one quarter prior) - RMSE 
 

   Real GDP Growth  CPI Inflation 

Update 
Years 
ahead 

Forecast 
Horizon Treasury Consensus 

 
Treasury Consensus 

BEFUs Year-
ahead 21-24 mths 1.95 1.94  1.14 1.03 

DEFUs Year-
ahead 16-19 mths 2.17 1.93  1.33 1.08 

BEFUs Current 9-12 mths 1.49 1.53  1.08 1.13 

DEFUs Current 4-7 mths 1.06 1.12  0.64 0.60 
 
The root-mean-square errors of Consensus real GDP growth forecasts are reasonably close 
to those of Treasury (perhaps with the exception of DEFU year-ahead forecasts).  For CPI 
inflation forecasts, the Consensus RMSE is lower than that of Treasury for all horizons other 
than current-year BEFU forecasts. 
 
 
Real GDP growth and CPI inflation quarterly forecasts 

In addition to the annual forecasts for GDP and CPI inflation, Treasury publishes quarterly 
forecasts of these aggregates on its website. We have examined the performance of these 
quarterly forecasts to determine if there is a pattern and if they display markedly different 
characteristics from the annual forecasts. The sample period for evaluation runs from the 
March 1994 quarter to the March 2004 quarter for GDP, and from June 1994 to June 2004 
for CPI inflation. 
 
Figure 1 – Performance measures of Treasury’s quarterly GDP forecasts 
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Again, the magnitude of the forecast errors declines as the forecast horizon gets shorter. No 
bias was detected in the forecasts over any of the forecast horizons. 
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Figure 2 – Performance measures of Treasury’s quarterly CPI inflation forecasts 
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This analysis produced some curious results. The mean errors decline as the forecast 
horizon shortens and there is no suggestion of bias in the forecasts. However, the accuracy 
measures (MAE, RMSE) do not change much across the forecast horizons, i.e. accuracy 
does not improve as the forecast horizon shortens. 
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Analysis of the Fiscal Forecasts 

The sample period for the analysis of fiscal forecasts starts in June 1994, the year in which 
Treasury first started publishing results on an accrual basis, and ends with June 2004.   The 
analysis begins with the accrual measures before addressing cash flows (where the latter 
ultimately feeds through to the debt forecasts).  Results are presented in percentage terms 
(percentage of average outturn) to provide an indication of the relative size of the average 
forecast error. 
 
Accrual fiscal forecasts 

The operating balance can be expressed as: 
 
Tax revenue less expenses plus SOE/CE net surpluses plus other revenue5
 
Three points are important to note in terms of the operating balance: 
 

• The Treasury does not forecast the operating balance directly.  Each component is 
forecast separately and then combined to produce a forecast of the total operating 
balance.  Any error in the total is dependent on the errors in the forecasts of the 
underlying components. 

 
• The operating balance is mostly the relatively small difference between two very large 

numbers: tax revenues and expenses.  Small errors in the forecasting of these 
components can translate into relatively large errors in the operating balance. 

 
• Certain items of the operating balance are not actually forecast.  Generally these 

items include: anticipated sales (as either the information is commercially sensitive or 
simply unknown); circulating currency, which adds to investment income but not 
materially so (although, starting from the 2003 Budget, this is forecast one-year-
ahead); and asset revaluations and the consequential depreciation impact (although 
we are beginning to include material depreciation impacts even if not the revaluation 
itself).  The most significant item in terms of difference between forecast and outturn 
is gains on sales, which appears in the “other revenue” component of the operating 
balance calculation. 

 
These three points highlight the importance of analysing the individual components of the 
operating balance calculation. 
 
We have not included any analysis comparing Treasury’s fiscal forecasts of aggregates such 
as tax revenue and the fiscal balance with those of external forecasters, consensus or 
otherwise.  Such comparisons can be problematic because external forecasters may not 
follow a “current government policy” assumption (especially in terms of expenses). However, 
we are gathering data on the experience of similar agencies in other parts of the world. Some 
preliminary results are reported in the Fiscal Balance section. 
  

                                                 
5 This differs from the calculation of the operating balance on a fully consolidated basis, where SOE/CE revenues 
and expenses are included in total Crown revenues and expenses. However, the net result is the same in either 
case. All fiscal aggregates in this analysis are Core Crown aggregates. 
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Tax revenue forecasts 

The tax revenue component of the operating balance has the most direct link to the 
economic forecasts discussed above. 
 
Table 3 – Performance measures of Treasury’s tax revenue forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon6

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 2.1%7 3.8% 4.8% 0.79 

BEFUs Year-
ahead 14 mths 1.3% 2.7% 3.2% 0.53 

DEFUs Current 8 mths 0.7% 1.7% 1.9% 0.32 

BEFUs Current 2 mths 0.0% 0.6% 0.8% 0.13 
 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
Mean tax revenue errors are not significantly different from zero and are relatively low 
compared to the outturns.  Some of the absolute error measurements appear to be quite 
large.  However, these results have not been adjusted for changes to tax policy between 
forecast and outturn, for example, changes in tax rates.  Adjusting for policy changes sees 
the mean absolute errors for forecasts less than two years ahead drop to under three 
percent.  With policy changes factored in, the mean errors are still not significantly different 
from zero. 
 
We have also attempted to determine whether, given a particular macroeconomic scenario, 
the tax forecasts are “too low”.  One approach to this issue is to examine the one-year-ahead 
tax revenue forecasts and estimate how much of the tax revenue forecasting errors are 
attributable to nominal GDP forecasting errors.  The balance of the tax revenue forecasting 
errors is attributable, by default, to the tax forecasting process.  We estimated the effect of 
the nominal GDP forecasting errors by assuming the elasticity between nominal GDP growth 
and tax revenue growth is unity. 
 
For example, if tax revenue were 3% higher than forecast and nominal GDP were 2% higher 
than forecast, then we would say that the nominal GDP forecasting error contributed 
approximately two-thirds of the total tax revenue forecast error with the remaining one-third 
being attributable to the tax forecasting process.  Also, where necessary, we have adjusted 
the tax revenue forecasts for changes in tax policy that occurred after the finalisation of the 
forecasts8. 
 
In this decomposition, we have used the initial estimate of the nominal GDP outturn. This 
differs from last year’s analysis when we only had the latest nominal GDP outturns on which 
to base our analysis9. Although the profile of the split is slightly different than before, 
                                                 
6 This is an estimate of the mean forecast horizon. As the forecasting timetable differs from year-to-year, the 
actual horizon for any given forecast may be a month or two either side of this. 
7 For simplicity, accuracy statistics for the fiscal aggregates are expressed as a percentage of the mean outturn 
over the period under analysis for the stated forecast horizon. 
8 By their nature, such adjustments are subjective and therefore also prone to error. Note that adjustments have 
been made to every year’s forecast to some degree. 
9 See Fig. A1 in the Annex for a chart corresponding to Fig. 3 using the latest estimates of GDP, i.e. using a 
method similar to that used in the April 2003 report. 
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especially in the earlier years, the conclusion that we draw from the results is unchanged. 
The mean errors in both the macroeconomic part and the tax-forecasting part of the total 
error are relatively small and are not significantly different from zero (at the 5%-confidence 
level). This again indicates that the forecast error introduced by the tax forecasting process is 
just as likely to be positive as negative. This can be seen from Figure 3, where there is 
approximately the same number of black bars above the x-axis as below. Note that, in some 
cases, the “tax” and “macro” components have different signs. 
 
Figure 3 – Split of one-year-ahead Budget Update tax revenue forecast errors into 

“macroeconomic part” and “tax modelling part” 
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Although the mean total tax error is close to zero, the pattern of the errors in Figure 3 is 
suggestive of positive serial correlation, where errors of the same sign occur in sequence. 
There were positive errors (actual tax exceeded forecast tax) in 1994, 1995 and 1996; 
negative errors (actual tax less than forecast tax) in 1997, 1998 and 1999; and positive errors 
from 2000 through to 2004. This pattern is generally determined by the "macro" error 
component, which was negative in the years 1996 to 1999, and positive in the years 2000 to 
2002. One possible interpretation of the pattern is that when economic growth rates 
increased in the early- to mid-1990s, forecasters were slow to incorporate this, with 
the opposite occurring in the late 1990s. 
  
The existence of serial correlation would indicate that the forecasts are not efficient. They 
could have been improved by using additional information that was available when the 
forecast was made. The US Congressional Budget Office10 notes that the economic 
forecasting profession is criticised by some researchers for not using all the information 
available to it to forecast downturns in the business cycle, the result being avoidable 
systematic errors in forecasting business cycles. However, the CBO cautions that: 
 

• the more elaborate measures and methods used to indicate forecast quality (e.g., 
efficiency) are not necessarily reliable when the sample size is small; 

                                                 
10 Congressional Budget Office (2003) "CBO's economic forecasting performance: An evaluation of the economic 

forecasts CBO made from January 1976 through January 2001". 
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• it is unclear how additional information about the business cycle, such as that 
contained in leading indicators, can reliably be translated into economic forecasts. 

 
Nonetheless, this suggests that we need to assess our forecasting performance on a regular 
basis and constantly improve our understanding of New Zealand business cycles, trend 
growth and drivers of tax revenue. 
 
 
Expense forecasts 

Table 4 – Performance measures of Treasury’s expense forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 1.1% 2.7% 3.5% 0.70 

BEFUs Year-
ahead 14 mths 0.3% 2.1% 3.2% 0.55 

DEFUs Current 8 mths 0.7% 1.7% 3.1% 0.49 

BEFUs Current 2 mths 0.5% 1.4% 2.0% 0.31 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
The mean expense errors are not statistically different from zero over any of the forecast 
horizons considered.  The absolute error measures are not large and are comparable in 
magnitude to the errors on the tax revenue forecasts.  The demand-driven aspects of 
expenses appear to be the biggest sources of forecast error in the expense forecasts. We 
delve into this more in the cash flow analysis later in this report. 
 
The introduction of the “fiscal provisions” had a marked effect on the expense forecasts.  
From the 1997 Budget onwards, an allowance was made in the expense forecasts for future 
spending initiatives.  Prior to 1997, no such allowance was made.  This means that forecast 
errors in the longer-range forecasts were much greater pre-1997 than they were post-1997.  
For instance, the mean absolute error for two-year-ahead expense forecasts prior to 1997 is 
about $1.6 billion.  From 1997 onwards, the mean absolute error has halved to about $800 
million.  Note that although they are no longer termed “fiscal provisions”, the forecasts still 
incorporate amounts for forecast new spending.  
 
SOE/CE net surpluses and other revenue forecasts 

The SOE/CE net surplus is the portion retained by these entities.  Other revenue comprises 
investment income (including SOE/CE dividends); sales of goods and services; compulsory 
fees, fines, penalties and levies; and other operational revenue.  The largest component of 
other revenue is investment income.  Dividend income, while neutral to the operating balance 
overall (as there is an offsetting change in the net SOE/CE surplus), does vary substantially 
from year to year, reflecting changing patterns of SOE surpluses and one-off special 
dividends. This will be a factor behind movements in ‘other revenue’. 
 
Investment income outturns can be subject to a large degree of volatility as they include 
gains or losses on sales and unrealised gains or losses on marketable securities and 
deposits.  As a matter of policy the one-off elements of ‘other revenue’ are not forecast.  
Treasury forecasts around $1.2 billion of ‘other revenue’.  The remainder is actual outturn 
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that is not forecast.  Performance measures for SOE/CE net surpluses and other revenues 
are reported in the Annex. 
 
Fiscal balance forecasts 

To assess the performance of the forecasts of the net components of the operating balance, 
we assess forecasts for a fiscal balance that excludes investment income, thereby removing 
the non-forecast items from our analysis.  This approach is consistent with international 
practice.  This “adjusted” operating balance is close to, but not exactly the same as, the 
OBERAC (Operating Balance Excluding Revaluations and Accounting policy Changes). 
 
Non-forecast items are defined as either those items that we did not know about, and could 
not possibly have known about, at the time of the forecast or items that we knew would 
happen but could not quantify at the time of forecasting.  Examples of non-forecast items 
include Government Superannuation Fund (GSF) pension liability movements, foreign 
exchange gains and losses, and gains and losses on assets sales. 
 
Table 5 – Performance measures of “adjusted” operating balance forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 6.0% 107% 141% 0.75 

BEFUs Year-
ahead 14 mths 36.9% 97% 126% 0.61 

DEFUs Current 8 mths 39.8% 87% 99% 0.44 

BEFUs Current 2 mths 3.1% 64% 80% 0.33 

Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
All of the error statistics are quite large, especially when compared to the results for total tax 
revenues and total expenses, for example. This is because the adjusted operating balance is 
mostly the relatively small difference between two very large numbers (tax revenues and 
expenses).  Since operating balances tend to be relatively small, comparing error statistics 
with the average operating balance can produce some quite large percentages. 
 
A more meaningful way of presenting the statistics is to express them as a percentage of 
total revenues, as in Table 6 below. This is consistent with overseas practice and also 
assists with comparisons between jurisdictions. 
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Table 6 – Performance measures of “adjusted” operating balance forecasts, expressed as 
a percentage of total revenues 

 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 

DEFUs Year-
ahead 20 mths -0.2% 2.7% 3.5% 

BEFUs Year-
ahead 14 mths 0.7% 2.2% 2.6% 

DEFUs Current 8 mths 0.9% 1.9% 2.2% 

BEFUs Current 2 mths -0.1% 1.2% 1.4% 

Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
The mean forecast errors for this adjusted operating balance are not statistically different 
from zero.  The mean absolute errors indicate that forecasts over these horizons tend to be 
out by between 1% and 3% of revenues, on average.  While this may not appear to be large, 
we should bear in mind that total Crown revenues are now in the vicinity of $60 billion a year. 
 
Figure 4 shows the forecast errors for one-year-ahead Budget Update forecasts of the 
adjusted operating balance going back as far as the 1992 Budget. So, the observation for 
2003 is the 2003 BEFU one-year-ahead forecast error i.e. the error for the year ended June 
2004, the most recently-completed fiscal year for which we have final data. Also shown is the 
mean of these errors, about 0.7% of the revenue outturn. The 95%-confidence interval 
includes zero, which leads us to the conclusion that forecasts of the adjusted operating 
balance are just as likely to be too low as too high. 
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Figure 4 – Forecast errors for one-year-ahead Budget Update forecasts of the adjusted 
operating balance 

-4%

-3%

-2%

-1%

0%

1%

2%

3%

4%

5%

6%

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Year of Budget Update

% of total revenues

 Forecast errors
(Actual less forecast)

Mean error

 
 
 
International comparisons 

As mentioned above, expressing the forecast performance statistics of the operating balance 
as a percentage of total revenues enables comparisons with the forecasting experience of 
other jurisdictions. For instance, Table 7 compares the New Zealand Treasury’s experience 
with that of the USA and UK. It should be noted that the definition of what we call the 
operating balance differs from country to country. Also, forecast errors have been averaged 
over different periods, e.g. from the early 1980s for the USA, late 1970s for the UK one-year-
ahead forecasts. Thus Table 7 should be used only as an approximate guide. The mean 
absolute errors have been expressed relative to total revenues rather than, say, GDP as all 
countries have different revenues and expenses as a proportion of GDP. 
 
Table 7 – Mean absolute errors of operating balance forecasts, expressed as a percentage 

of total revenues 
 
 One year ahead Two years ahead Three years ahead 

USA, Congressional Budget Office 3.0% 5.9% 8.6% 

UK, HM Treasury 2.6% 4.2% 5.6% 

NZ Treasury 2.2% 2.9% 6.4% 

Source: HM Treasury’s End of Year Fiscal Report 2003 (Table 2.8) and New Zealand Treasury. 
 
The NZ Treasury compares favourably over all three forecast horizons presented. Note that 
the mean absolute errors increase for longer forecast horizons for all three agencies. 
 
We will provide further analysis on international comparisons in future reports as more data 
are collated and analysed. 
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Cash fiscal forecasts 

The total cash flow balance (as distinct from net cash flow from operations) can be 
expressed as: 
 
 Tax receipts 
plus Fees, fines, etc. 
plus Other receipts 
less Cash disbursed to operations 
plus net cash flows from investing activities 
plus net cash flows from financing activities. 
 
All of these components, with the exception of financing activities, are forecast separately 
and combined to produce a forecast for cash flow.  Net cash flows from investing activities 
are dominated by the purchase of physical assets.  Financing activities (e.g. issuance of 
currency and repayment of debt) are not forecast as they are either beyond our control or are 
effectively balancing items resulting from Debt Management Office (DMO) activity. 
 
Tax receipt forecasts 

Table 8 – Performance measures of Treasury’s tax receipt forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 1.5% 3.1% 4.1% 0.71 

BEFUs Year-
ahead 14 mths 1.2% 2.3% 2.8% 0.47 

DEFUs Current 8 mths 0.7% 1.6% 1.7% 0.30 

BEFUs Current 2 mths 0.1% 0.4% 0.5% 0.08 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
Mean tax receipt errors are not significantly different from zero and the absolute errors 
gradually reduce as the forecast horizon shortens.  Adjusting forecasts to allow for policy 
change makes only small differences to the performance statistics. 
 
Operating expenditure forecasts 

This line item forms the major part of Cash disbursed to operations. It is principally the 
Crown’s personnel and operating payments. 
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Table 9 – Performance measures of Treasury’s operating expenditure forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 4.4%* 4.4% 4.7% 0.70 

BEFUs Year-
ahead 14 mths 0.7% 1.1% 1.4% 0.22 

DEFUs Current 8 mths -1.6%* 1.7% 2.0% 0.32 

BEFUs Current 2 mths -1.2%* 1.2% 1.6% 0.27 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
Mean errors over almost all horizons are statistically different from zero.  The year-ahead 
DEFU forecasts tend to be too low and the current year forecasts tend to be too high.  
Absolute errors generally reduce as we close in on the outturn. 
 
On top of the operating expenditure forecasts, some provision is made for expenditures 
arising out of new spending initiatives.  The inclusion of these provisions in the forecasts 
removes the bias from the year-ahead forecasts, but otherwise makes little difference to any 
of the above performance statistics. 
 
Benefit expenditure forecasts 

Benefit expenditures are the second biggest contributor (after operating expenditures) to 
Cash disbursed to operations. 

Table 10 – Performance measures of Treasury’s benefit expenditure forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths -0.6% 2.5% 3.2% 0.94 

BEFUs Year-
ahead 14 mths -1.4% 1.6% 2.4% 0.79 

DEFUs Current 8 mths -1.5%* 1.6% 2.3% 0.72 

BEFUs Current 2 mths -1.2%* 1.2% 1.8% 0.63 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
The current-year forecasts are significantly different from zero being, on average, too high.  
Absolute errors are not large in relative terms and generally decline as the forecast horizon 
shortens. 
 
We have examined individual components of the benefit forecasts to determine why they 
tend to be too high. The results are summarised in the table 11. 
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Table 11 – Forecast errors of components of benefit expenditure forecasts 
 
Benefit type Results of analysis 

Unemployment Benefit Forecast errors are not significantly different from zero over any 
forecast horizon 

New Zealand Superannuation Current-year Budget forecasts tend to be too high, but only by an 
average of $5 million 

Family Support Forecasts appear to be too high for forecasts from current-year 
DEFUs right out to two-year-ahead BEFUs 

Domestic Purposes Benefit Forecast errors are not significantly different from zero over any 
forecast horizon 

Student Allowances Current-year and one-year-ahead Budget forecasts tend to be too 
high, but not substantially so 

All other benefits Current-year forecasts appear to be too high 
 
Although there appears to be some bias in the NZ Superannuation and Student Allowances 
forecasts, it is not large enough to warrant further attention since the bias is quite small (less 
than 0.1% of the average actual result in the case of NZ Superannuation). 
 
The Family Support forecasts caused the most concern. As can be seen from Figure 5, four 
of the confidence intervals around the mean errors are quite some way below the x-axis, 
indicating that the true mean of these forecasts is likely to be non-zero. 
 
Figure 5 – Means and confidence intervals of Family Support forecasts 
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Forecasters in the Policy Advice Division of IRD prepare the forecasts for family assistance 
benefits. They are aware of this pattern and have some explanations for how it has arisen. 
 
Firstly, up until a couple of years ago, benefits in this class did not have Permanent 
Legislative Authority (PLA). This meant that if the amount of benefit required to be paid 
exceeded the forecast for the fiscal year, then the paying agency had to apply for more 
funding. To avoid getting into this situation, the forecasts were deliberately conservative. 
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Secondly, there are two economic drivers that affect family assistance benefits: population 
growth has a positive effect, and income growth has a negative effect. In preparing forecasts, 
IRD previously allowed the population growth parameter to dominate the forecasts. More 
recently, they have changed the forecasting assumptions and now allow these two factors to 
more evenly balance each other. 
 
Purchase of physical asset forecasts 

The purchase of physical assets is the largest item in Investment activities. 

Table 12 – Performance measures of Treasury’s purchase of physical assets forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 8.8%* 9.8% 13.7% 1.56 

BEFUs Year-
ahead 14 mths -11.6%* 12.2% 15.1% 1.68 

DEFUs Current 8 mths -18.8%* 18.8% 20.3% 1.67 

BEFUs Current 2 mths -14.0%* 14.6% 18.9% 1.53 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
For all forecast horizons, mean forecast errors look likely to be non-zero.  Generally, the 
forecast errors do not reduce as we get closer to the outturn. The ‘most accurate’ forecasts 
appear to be the ones made about one year out.  Note that all of the U statistics are greater 
than 1, indicating that the forecasting methods employed may be producing ‘less accurate’ 
forecasts than simply using the naïve forecast, i.e. we may be better off to abandon the 
current approach and simply use the latest known outturn as the forecast. 
 
As with operating expenditures, provision is made for future capital spending initiatives.  
Including these provisions in the forecasts makes little difference to the performance 
statistics. This is because the short-term capital provisions are not usually very large. 
 
Forecasting asset purchases is traditionally difficult. The Crown’s total forecast is the 
aggregate of all the departmental forecasts. At the time of forecasting, each department 
provides their best estimate of likely future purchases. However, in total across all 
departments, delays inevitably occur with purchases tending to occur later than originally 
planned. This is why the physical asset purchase forecasts tend to be too high, particularly 
over the shorter forecast horizons. 
 
Other cash flow items 

We have also examined the forecasts of other major cash flow line items such as Fees, fines 
and levies; Other receipts; Finance costs; Advances; and Net purchase and sale of 
investments.  While some of the items over some of the forecast horizons appear 
problematic, the small size of these items relative to the other line items analysed above 
means they are unlikely to be having much effect on the bottom line cash forecasts.  Some of 
the forecasts (e.g., Fees, fines and levies) are quite accurate with relatively small absolute 
errors, while others (e.g., Advances, Net purchase and sale of investments) are more 
variable. 
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Movement in cash 

Table 13 – Performance measures of Treasury’s total cash flow balance forecasts, 
expressed as a percentage of total receipts 

 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 0.2% 0.5% 0.6% 1.04 

BEFUs Year-
ahead 14 mths 0.3% 0.4% 0.6% 1.01 

DEFUs Current 8 mths 0.7%* 0.7% 0.9% 1.51 

BEFUs Current 2 mths 0.6%* 0.6% 0.8% 1.51 

Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
As with the operating balance analysis, we have expressed cash flow balance forecast errors against income, in 
this case, total receipts. 
 
Although the mean errors for one-year-ahead forecasts are not significantly different from 
zero, the current year forecasts tend to be too low.  The mean errors do not decrease as we 
get closer to the outturn.  Indeed, all of the performance statistics generally increase as the 
forecast horizon shortens. 
 
The total cash flow balance outturn is typically a fairly small number; it has averaged less 
than $20 million over the period we are looking at.  As with the accrual fiscal balance, total 
cash flow balance is mostly the relatively small difference between two very large numbers 
(receipts and expenditure).  Small forecasting errors in the large components can lead to 
large errors in the forecasting of the net cash movement. 
 
Implications for cash flow forecasts 

Since the cash movement forecasts are constructed from the many forecasts of various 
contributors to the cash balance, we cannot say with any certainty exactly what is causing 
the current year forecasts to be too low. However, the forecasts for operating expenditures, 
purchase of physical assets and benefit expenditures are undoubtedly contributing to, if not 
causing, the bias. 
 
For some time now, Treasury had suspected that current-year forecasts of movement in 
cash were too low. This analysis, and the corresponding analysis from last year, confirms 
this suspicion. It also justifies the top-down adjustments that Treasury has been making to 
the cash flow forecasts. 
 
All departments have been reminded of the need to better estimate the timing of their cash 
flows, particularly with regard to capital expenditures. Treasury is continuing to particularly 
monitor those departments with the largest variances from forecasts and making forecast 
adjustments as deemed appropriate. 
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Annex: Details of the Measures Used and Additional Tables 

Definitions of “forecast horizon” and “forecast years” 

Economic and fiscal variables are forecast and re-forecast a number of times over 
successive forecast updates.  Treasury typically forecasts twice a year.  The first forecasts 
appear in the Budget Economic and Fiscal Update (BEFU) and are typically finalised 
between April and June, depending on the date of the Budget.  The other forecasts are in the 
December Economic and Fiscal Update (DEFU) and are typically finalised in November or 
December.  The exception is during election years, when a Pre-election Update (PREFU) is 
produced. 
 
We define the length of time between the finalisation of the forecast and the actual outturn as 
the forecast horizon.  For the economic and fiscal forecasts, the forecast horizon will be 
slightly different for forecasts made at the same time because the economic forecasts are for 
March years and the fiscal forecasts are for June years.  For example, the 2001 DEFU 
forecasts of real GDP growth and CPI inflation for the year ended March 2002, finalised in 
November 2001, had a forecast horizon of five months, whereas the fiscal forecasts made at 
the same time had a forecast horizon of eight months. 
 
We define a current-year forecast as one that is made within the year preceding the 
occurrence of the outturn; a one-year-ahead forecast is made in the year before that, and so 
on.   For example, both the economic forecasts for March 2002 and the fiscal forecasts for 
June 2002, published in the 2001 DEFU were current-year forecasts.  Forecasts with a 
horizon of 12 months or less relate to the current year, while forecasts with a horizon of 
between 13 and 24 months relate to the year ahead.  The present analysis generally covers 
the current and one-year-ahead periods. 
 
The nature of “actual outturns” and “forecasts” 

A common dilemma in the forecast performance literature is the appropriate “actual outturn” 
to use for comparison.  Initial estimates of real GDP growth are often revised several times 
within the following year.  Further revisions may occur years later when the series is re-
based or, in the case of New Zealand, a new calculation method adopted.  Sometimes the 
revisions can be quite large, as can be seen in Table A1.   Revisions of official data alter the 
base from which subsequent forecasts are made.  In this paper, we use the first actual 
outturn as the basis of comparison unless otherwise stated. 
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Table A1 – Revisions to estimates of annual growth in real GDP 
 

Year ended 
March 

Initial 
estimate 

Latest revised 
estimate 

% point 
Difference 

    
1991 -1.3 0.0 1.3 
1992 -1.2 -1.3 -0.1 
1993 2.8 1.1 -1.7 
1994 5.3 6.4 1.1 
1995 6.0 5.3 -0.7 
1996 2.8 4.1 1.3 
1997 2.3 3.5 1.2 
1998 2.2 1.5 -0.7 
1999 -0.2 0.4 0.6 
2000 4.4 4.8 0.4 
2001 2.5 2.7 0.2 
2002 3.2 3.3 0.1 
2003 4.3 4.4 0.1 
2004 3.6 3.6 0.0 

        
 Maximum difference: 1.3 
 Minimum difference: -1.7 
  Mean difference: 0.2 

 
Revisions are not an issue for CPI measures of inflation (although they will be for the implicit 
GDP deflator which is derived from real and nominal GDP).  Although revisions are also not 
an issue for fiscal outturns, we need to allow for the fact that certain items of the operating 
balance are not actually forecast.  Because of these items, there can be differences between 
the forecast and actual operating balance result. 
 
Treasury’s forecasts are conditional and are based on a set of particular assumptions, 
including one of no change in Government policy.  This is an assumption that is not always 
used by other forecasters.  In some cases, we have attempted to remove the effects of past 
policy change to help better isolate “pure” forecast error.  However, it is possible that some of 
the forecasting error reflects the influence of changes in fiscal policy on the economy and so 
could arguably be allocated to the policy change component. The decomposition used here 
does not allow for these effects.  Finally, the forecasts include a number of technical 
assumptions about the nature of the long-run equilibrium values underpinning certain 
variables (e.g. the exchange rate). 
 
Summary measures of forecast performance and their interpretation 

The forecasts are analysed using four measures commonly used in the forecast performance 
literature.  Forecast “error” is defined as the actual outturn for a particular period less the 
forecast.  The four measures can be summarised as follows: 
 
Mean Error (ME) 
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where: n = number of observations 

Ft = forecast for period t 
At = actual outturn for period t 
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A positive ME indicates that the forecasts are, on average, too low and a negative ME 
indicates that they are, on average, too high. 
 
Mean Absolute Error (MAE) 
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The MAE is the average of the forecast errors disregarding their sign. 
 
Root Mean Square Error (MAE) 
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The RMSE is computed by taking the square root of the average squared errors.  It penalises 
large forecasts errors relative to smaller errors. 
 
Theil’s U coefficient (U) 
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U is computed by taking the ratio of the RMSE from the set of forecasts being evaluated to 
the RMSE from a naive forecast of no change.  This measure offers a way of evaluating 
forecasting performance relative to an alternative or benchmark model, in this case a naive 
model.  A Theil’s U coefficient value of less than one indicates that the forecast is more 
accurate than a naive model, which in this case is the previous observation. 
 
Forecast bias 

We also conducted the following t-test to assess whether the forecast errors have a mean of 
zero: 
 

 

n
s

MEt
2

=  

 
where: s2 = sample variance 
 
For an ideal forecasting model, the expected mean error would be zero. Having errors that 
are close to zero, on average, suggests that the forecasts are not biased in the sense that 
they are not “one-sided”. Given a sample of forecast errors, we want to determine whether 
the sample is consistent with coming from a "population" of errors with zero mean.  To test 
for this, we need to know what the probability distribution of sample means from a population 
with a true mean of zero would look like (for a given sample size).  By the central limit 
theorem, we can say that if our sample is large enough, the mean of samples from a 
population with zero mean would be ~N(0,s2/n), i.e. normally distributed with a mean of zero 
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and a variance of s2/n.  We then look at where our sample mean falls in this probability 
distribution and see how likely it is that our sample came from this population.  If the 
probability that our sample came from this distribution is less than a significance level that we 
choose, we reject that the true mean is zero.  If this is the case, we conclude that the model 
is biased, that is, it tends to under/over-forecast.  If the probability is greater than this 
significance level, we do not think that we have enough evidence to conclude that the model 
is biased. 
 
We have chosen to use a small significance level of 0.05.  This is the probability of rejecting 
that the true mean is zero when it actually is.  There is a trade-off between this, and failing to 
reject that the true mean error is zero when it isn't.  We have chosen to use a low 
significance level because it is costly to change forecasting techniques, and because we 
have quite a small sample size.  We would want to be reasonably sure that a model is biased 
before adjusting it. 
 
The variance of the distribution of the sample mean reduces with the size of the sample.  
This is because with a larger sample, the sample mean is likely to be closer to the true mean.  
As a consequence, as the sample size increases it is more likely that we will reject that the 
model is unbiased for a given sample mean.  The central limit theorem states that the 
minimum sample size needed to assume normality is 30. 
 
Treating the BEFUs and DEFUs separately, there are generally 14 data points for the 
economic forecasts and 11 data points for the fiscal forecasts.  The argument for keeping 
them separate is that the DEFUs and BEFUs are two different "populations", and it is quite 
possible that the means and standard deviations will be different.  Combining them may 
result in a loss of precision of the mean error.  If the population means are in fact different, 
we will be inflating the standard error of the sample mean. 
 
On the other hand, with samples of a dozen or less observations we face two problems.  
Firstly, we are not using enough observations to satisfy the statistical assumptions.  (This is 
also true for the combined sample although the problem is not quite as bad.)  Second, the 
standard error of the sample mean is too large to have much chance of rejecting that the 
forecasts are unbiased.  (Note that it is the standard error that we use to determine how likely 
it is that our sample has come from a population with zero mean, and the smaller it is, the 
more likely we are to reject this). 
 
Forecast accuracy 

It is important to realise that having forecast errors close to zero on average (suggesting they 
are unbiased) does not necessarily indicate that the forecasting model is good. It is 
conceivable to have a model that is unbiased, but very inaccurate.  This is because to be 
unbiased, the only condition that needs to be met is that the errors average out to be zero 
over a period of time.  Another desirable property of a forecasting model is that it is accurate, 
meaning that the forecast errors are as small as possible.  We use the RMSE measure to 
evaluate how accurate the forecasts are.  The RMSE measure is only sufficient as a test of 
accuracy when the forecasts are unbiased.  It is possible to have a biased model that has a 
lower RMSE than an unbiased model.  In such a case it is not always clear that the model 
with the lower RMSE is “more accurate”. 
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Table A2 – Performance measures of Treasury’s SOE/CE net surplus forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 8.7% 33.2% 42.3% 0.65 

BEFUs Year-
ahead 14 mths 7.5% 30.8% 41.2% 0.61 

DEFUs Current 8 mths 7.2% 16.9% 23.2% 0.35 

BEFUs Current 2 mths 9.0% 19.6% 25.8% 0.37 
 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
 
 
Table A3 – Performance measures of Treasury’s other revenue forecasts 
 

Update 
Years 
ahead 

Forecast 
Horizon 

Mean Error 
(ME) 

Mean Absolute 
Error (MAE) 

Root Mean 
Square Error 

(RMSE) 
Theil’s U-

Statistic (U) 

DEFUs Year-
ahead 20 mths 15.6%* 15.6% 21.4% 0.99 

BEFUs Year-
ahead 14 mths 16.6%* 17.8% 24.0% 0.77 

DEFUs Current 8 mths 10.1%* 11.6% 17.2% 0.81 

BEFUs Current 2 mths 5.8% 6.3% 13.7% 0.64 
 
Note: Mean errors marked with an asterisk were found to be significantly different from zero at the five percent 
significance level. 
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Figure A1 – Split of one-year-ahead Budget Update tax revenue forecast errors into 
“macroeconomic part” and “tax modelling part” using latest estimates of GDP 
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