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[bookmark: _GoBack]Abstract
This study recommends the use of new measures of accuracy for point forecasts (radical of order n of the mean of squared errors, mean for the difference between each predicted value and the mean of the effective values, ratio of radicals of sum of squared errors (RRSSE- for forecasts comparisons), different versions of U2 Theil’s statistic) and for forecast intervals (number of intervals including the realization, difference between the realization and the lower limit, the upper one, respectively the interval centre). Comparisons are made to present the differences in results determined by the application of the classical measures of predictions accuracy for the inflation and unemployment rate forecasts provided for Romania by Institute for Economic Forecasting (IEF) and National Commission of Prognosis (NCP) on the horizon 2010-2012 and the values of new point forecasts accuracy measures.  The hierarchy of predictions provided by the classical indicators and by the new ones are different. A novelty in literature is also brought by the methods of building the forecasts intervals. In addition to the classical interval based on historical error method, some new techniques of building forecasts are used: intervals based on the standard deviation and those constructed using bootstrap technique bias-corrected-accelerated (BCA) bootstrap method.      
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1. Introduction 

 This research brings as a novelty the calculation of some new accuracy indicators for assessing the inflation and unemployment rate forecasts of two specialized institutions in Romania:  Institute for Economic Forecasting (IEF) and National Commission of Prognosis (NCP). Our approach consists in: proposal of some indicators to assess the point forecasts accuracy, the computing of modified versions of U2 Theil’s statistic and the proposal of measures of accuracy for interval forecasts, the last contribution bringing a perspective that were not taken in consideration in literature till now. 
The new ways of assessing the predictions’ accuracy for comparisons bring different results from those based on classical accuracy indicators. Only the most accurate forecast is indicated by the usual measures of accuracy and also by our proposed indicators. Actually, our objective is to analyse the problem of accuracy from different points of view. 

2. Literature 
Many international institutions are specialized in providing their own macroeconomic appreciations. Some researchers were interested in evaluating the accuracy of those predictions (Timmermann for IMF Melander for European Commission, Vogel for OECD,), neglecting the comparison with government’s expectations. 
Abreu (2011) was interested in assessing the performance of macroeconomic predictions of IMF, European Commission and OECD and two private institutions (Consensus Economics and The Economist). The directional accuracy and the ability of predicting an eventual economic crisis were studied.  Bratu (2012 a) asessed the accuracy of some macroeconomic predictions for Romania made by the Institute of Economic Forecasting and the National Commission of Prognosis, the last institution outperforming the forecasts for: inflation, unemployment, GDP deflator, export rate and exchange rate on the horizon 2004-2011. Novotny and Rakova  (2012) assessed the accuracy of macroeconomic forecasts made by Consensus for the Czech Republic, observing an improvement in accuracy from a year to another on the horizon 1994-2009. The authors also proposed a regression for comparing the predictions.  Genrea, Kenny, Meylera and Timmermann (2013) made forecasts combinations starting from SPF predictions for ECB and using performance-based weighting, trimmed averages, principal components analysis, Bayesian shrinkage, least squares estimates of optimal weights. Only for the inflation rate there was a strong evidence of improving the forecasts accuracy with respect to the equally weighted average prediction. 



[bookmark: graphic5C][bookmark: graphic5D][bookmark: graphic5E]If X is the predicted quantitative variable, the error of forecast is computed as the difference between the registered and the predicted value:  .The frequently used indicators for evaluating the forecasts accuracy, according to Fildes and Steckler (2000), are computed as:  Root Mean Squared Error (RMSE) :, Mean error (ME) :and Mean absolute error (MAE) : . These measures of accuracy have some disadvantages. For example, RMSE is affected by outliers. These measures are not independent of the unit of measurement, unless if they are expressed as percentage. If we have two forecasts with the same mean absolute error, RMSE penalizes the one with the biggest errors.
U Theil’s statistic, utilized in comparing the forecasts, can be calculated in two variants, specified also by the Australian Tresorery.U1 and U2. U1 statistic values are compared and closer to zero is a prediction, higher accuracy has: [image: ]. A U2 less than one supposes a superior forecast compared to the naïve one that is based on random walk:[image: ]. The following notations were utilized: a- actual values, p- predicted values, t- reference time, e- error (e=a-p), n- number of time periods. We propose the introduction of measures of accuracy as:
· 
Radical of order n of the mean of squared errors: 
· The mean for the difference between each predicted value and the mean of the effective values on the forecasting horizon: ).
· For comparisons with the naive forecasts a new indicator is computed: ratio of radicals of sum of squared errors (RRSSE)= . In order to compare two forecasts even for different variables, the values of this indicator are compared, a value closer to zero indicating a better accuracy.

3. The assessment of point forecasts accuracy 

The new accuracy measures are computed for the inflation and unemployment rate provided by Institute for Economic Forecasting (IEF) and National Commission of Prognosis (NCP) on the forecasting horizon 2010-2012. The data are published by the two institutions in their papers of forecasting and they are available on the websites (www.ipe.ro and www.cnp.ro ).  Firstly, some usual accuracy indicators are computed. Amid a severe economic contraction in 2009 in Romania, a relatively slow rate of reduction in inflation was caused by persistent structural rigidities in the labor market and product market, but also by a variable number of factors acting during the year. In 2010, the volatile prices of food supply have been affected by the influence of external price increases in food goods, because of global supply reduction. Labor market immediately reacted to the crisis in 2009 through higher unemployment, but also slower annual growth in wages. From 2010 the situation is more visible, the unemployment rate continuing its increase. 
INSERT TABLE 1 HERE
According to U1 indicator IEF unemployment forecasts are the most accurate, while the other indicators (ME, MAE and RMSE) have the lowest values for NCP inflation forecasts. These predictions are also better than the naive ones. The IEF inflation estimations are followed by those of NCP unemployment rate, IEF inflation and NCP inflation. 
INSERT TABLE 2 HERE

According to the new accuracy measures, the best forecasts are provided by IEF for the inflation rate, the difference between the mean of registered values and that of the predictions being only of -0.2043.  The same value in absolute terms for the mean of the deviation of each predicted value from the average of the effective values supports the persistence of the overestimation of the average.  The hierarchy of the predictions regarding the accuracy is evaluated using the RRSSE indicator and it is different as that provided by the evaluation of U1 statistic of Theil: forecasts of IEF for inflation rate, IEF predictions for unemployment rate, NCP forecasts for inflation, respectively for unemployment. 

The U2 statistic can be modified in order to make the comparisons with other forecasts: the filtered naïve forecasts; the smoothed naïve forecasts; the values of the new forecasts.The filtered forecasts are gotten using Hodrick-Prescott and the smoothed naïve forecasts are obtained using Holt-Winters technique. The formula for the new U2 is: 

a*- transformed actual (effective/real) values (filtered/smothered/ values of new forecasts based on the proposed model)
The transformed U2 statistic is computed for the new forecasts of reference. The values of U2 are displayed in the following table, the indicators being denoted U2*, U2** and U3***:
INSERT TABLE 3 HERE

    
U2* statistic values show that, excepting the NCP inflation rate, all the other predictions are better than the filtered naïve forecasts based on Hodrick-Prescott filter. The indicators forecasted by IEF are more accurate than the smoothed naïve ones in Holt-Winters variant and even than the forecasts resulted from the proposed model. For NCP predictions the situation is exactly the opposite.  

4. The assessment of forecast intervals accuracy

In this study some methods of building the forecast intervals are proposed. 
Firstly, to construct the forecasts intervals we take into account the predictions provided by NCP in the pessimistic and optimistic versions and those of IEF for main, respectively desirable scenario. The samples of forecasts have low volume, so the t-Student distribution is used.   
(t)-<forecasts<(t)+

The average of all the predictions that were proposed by forecasters is computed and the standard deviation coorected with the number of forecasts will be utilized in constructing new forecast intervals: (t)-<forecasts<(t)+

Other forecasts intervals are constructed using the RMSE of the previous year, where the RMSE is computed differently as the root mean squared of differences between each prediction of a year made by a certain institution and the real value of the indicator. 
(t)-<forecasts<(t)+
A resampling technique is applied to build forecasts intervals and it consists in replicating the sample of predictions a huge number of times. Basically, a proxy population is made starting only from a sample. This is actually an artificial population.
The bias-corrected-accelerated interval (BCA) is a complex bootstrap technique used to construct confidence intervals. In this case, Davison and Hinkley (1997) showed that estimates for bias and acceleration are provided using the initial sample and the bootstrap samples.
One accuracy measure for forecast intervals could be the number of intervals in which the real value is placed. 
 INSERT TABLE 4 HERE


6 out of 11 values of the unemployment rate are placed in the bootstrap intervals and in the historical RMSE intervals, 7 in the BCA bootstrap intervals and respectively in the intervals based on the standard deviation. The most values (10 out of 11) are located in the intervals based on the previous registered value.   
Other measures of accuracy for forecast intervals can be computed. The differences between the realization for a specific year and the lower limit of each interval or the upper one or the interval centre could be considered as suitable measures of predictions accuracy. A lower difference implies a better forecast interval.  The differences are computed as: d1= realization - lower limit, d2= realization - upper limit, d3= realization – centre.  Starting from these deviations we can compute their average or their absolute average on the forecasting horizon. 
INSERT TABLE 5 HERE

Only 5 of the forecast intervals based on bootstrap method include the real values of inflation rate and 3 of those based on BCA bootstrap technique are suitable. 7 out of 11 forecast intervals based on standard deviation contain the inflation rate values. All the intervals constructed using the inflation rate of the previous year include the realizations of inflation. Excepting the interval from 2002, all the others built using the previous RMSE include the real values. The new accuracy measures are shown in Appendix 1 for the inflation rate predictions and in Appendix 2 for unemployment rate. 
For the forecast intervals of inflation rate based on bootstrap technique, the lowest value is registered by d2, but when absolute values of deviation are taken into account d2 is the highest.
BCA bootstrap method gave the best results for d1 (0.069), the lowest value for all methods. In average, the deviation between the realization and the inferior limit is 0.069% while the one between the realization and the intervals’ centres is around 1.23%.  
d3 registered the lowest value compared to d1 and d2 when the method applied is based on the previous registered value. 
If the forecast intervals are based on standard deviation, d1 registers again the best value. It maintains to be the minimum even if the absolute values of the deviations are computed. 
According to the values of d1, d2 and d3 and the corresponding values for absolute deviations, the BCA bootstrap technique provided the best intervals for inflation rate. 
A negative value but better than d1 and d2 is registered when the historical RMSE is utilized. 
For unemployment rate forecast intervals the better value is registered for d3 when BCA bootstrap method is applied. d1 is a good measure of accuracy for this method. d2 has the lowest value for intervals based on bootstrap method. 
So, the new accuracy measures recommend the forecast intervals based on BCA bootstrap technique for inflation (d1) and for unemployment rate (d3). 
5. Conclusions 

This research enlarges the perspective of measuring the forecasts accuracy, by proposing some new measures for point forecasts and also for forecast intervals. The proposed measures draw attention about different results that may be registered when more predictions are compared. U1 Theil’s statistic and the new indicator (ratio of radicals of sum of squared errors) gave the different results regarding the hierarchy of forecasts. Our indicator reduces the too large weight assigned to large errors. Therefore, the new measure could be used to identify the most accurate forecast. According to RRSSE, the hierarchy of the predictions regarding the accuracy on the horizon 2010-2012 is: forecasts of IEF for inflation rate, IEF predictions for unemployment rate, NCP forecasts for inflation, respectively for unemployment.
The BCA bootstrap techniques gave the best results for the same accuracy measures of the prediction intervals for Romanian inflation and unemployment. The measures of accuracy proposed for forecast intervals are a novelty in this field. 
Table 1: Classical measures of accuracy for the forecasts made by IEF and NCP for inflation and unemployment rate

	Accuracy indicator
	IEF- inflation rate 
	IEF- unemployment rate 
	NCP- inflation rate
	NCP- unemployment rate

	ME
	0.8700
	-0.4000
	-0.1558
	-0.9270

	MAE
	0.9250
	1.4000
	0.5043
	1.1770

	RMSE
	1.1673
	1.5732
	0.6289
	1.3020

	U1
	0.1194
	0.0669
	0.1308
	0.1023

	U2
	1.0082
	1.6005
	0.8714
	1.2268


Author’s computations using Excel
Table 2: The new measures of accuracy for the forecasts made by IEF and NCP for inflation and unemployment rate

	Accuracy indicator
	IEF- inflation rate 
	IEF- unemployment rate 
	NCP- inflation rate
	NCP- unemployment rate

	RnMSE
	0.8079
	1.2697
	1.1242
	1.4470

	Bias
	-0.2043
	-0.9693
	0.7967
	-0.2333

	d ̅
	0.2043
	0.9693
	-0.7967
	0.2333

	RRSSE
	0.5867
	0.7166
	0.8164
	0.8167


Author’s computations using Excel
Table 3: The U2 transformed statistic for the forecasts made by IEF and NCP for inflation and unemployment rate

	Forecasts 
	U2*
	U2**
	U2***

	IEF inflation rate
	0.6773
	0.8230
	0.6773

	IEF unemployment rate
	0.6347
	0.8829
	0.6347

	NCP inflation rate
	1.0752
	1.3064
	1.3064

	NCP unemployment rate
	0.8935
	1.2431
	1.2431


Source: Author’s computations using Excel
Table 4: Forecasts intervals for unemployment rate on the forecasting horizon 2001-2012

	Year 
	Forecasts intervals based on:
	
	

	
	Bootstrap technique
	BCA bootstrap method
	Previous registered value
	Forecasts’ standard deviation
	Real values
	Historical RMSE

	2001
	8.11-9.9
	8.1895-9.9
	5.775-9.850
	8.547-9.514
	8.8
	7.416-10.672

	2002
	7.3-9.2
	7.375-9.2
	6.315-9.285
	7.841-8.808
	8.4
	6.65-9.99

	2003
	6.55-8.9
	6.725-8.9
	4.999-10.541
	7.212-8.412
	7.4
	5.733-9.891

	2004
	6.8-8.6
	6.9-8.25
	4.663-9.922
	7.354-8.245
	6.3
	6.256-9.343

	2005
	6.37-8.4
		6.37-8.2775
	



	1.855-12.225
	7.313-8.226
	5.9
	6.188-9.351

	2006
	5.92-7.8
	5.92-7.7625
	2.575-10.99
	6.563-7.728
	4
	5.782-8.802

	2007
	5.54-7.6
	5.54-6.38
	3.832-10.418
	6.563-7.728
	4.4
	5.389-8.69

	2008
	5.14-7.4
		5.14-7.3475
	



	3.799-9.166
	6.26-7.304
	5.8
	4.973-8.591

	2009
	4.71-8.4
	4.71-8.0475
	6.534-8.015
	6.297-7.952
	7.5
	4.259-9.99

	2010
	4.3-7.4
	4.9325-7.4
	5.775-9.850
	5.778-7.185
	6.9
	4.048-8.916

	2011
	6.89-7.5
	6.89-7.427
	6.315-9.285
	7.136-7.412
	5.3
	6.795-7.753

	2012
	5.2-6.7
	5.2-6.625
	4.999-10.541
	8.547-9.514
	8.8
	4.555-7.269


Source: Own computations using Excel
Table 5: Forecasts intervals for inflation rate (2001-2012)

	Year 
	Forecasts intervals based on:
	
	

	
	Bootstrap technique
	BCA bootstrap method
	Previous registered value
	Forecasts’ standard deviation
	Real values
	Historical RMSE

	2001
	33.8-37.2
	33.8-36.35
	-16.7-87.2
	33.832-36.667
	34.5
	32.158-38.341

	2002
	26-28.3
	26-27.85
	14.36-39.48
	25.995-27.854
	22.5
	23.752-30.097

	2003
	17-19
	17-18.825
	11.32-25.32
	17.549-19.1
	15.3
	9.716-26.933

	2004
	11.9-14.8
	12.3525-14.4
	10.3-16.89
	12.594-14.61
	11.9
	7.650-19.554

	2005
	9-13.74
	9-12.6075
	5.92-14.54
	8.315-12.159
	9
	6.427-14.047

	2006
	7-8.6
	7-8.2
	5.25-10.13
	7.02-8374
	6.56
	3.191-12.203

	2007
	5-8.14
	5-7.535
	3.58-8.34
	4.713-7.216
	4.84
	3.415-8.514

	2008
	3.6-8.5
	3.6-7.275
	1.657-10.262
	3.715-8.2
	7.85
	2.668-9.251

	2009
	4.5-8.25
	4.5-7.3125
	1.386-10.038
	4.257-7.167
	5.59
	-0.035-11.46

	2010
	6.2-8.29
	6.2-7.8175
	4.347-9.197
	5.936-7.608
	6.09
	3.852-9.692

	2011
	3.8-9.11
	3.8-7.7825
	1.721-9.184
	3.385-7.521
	5.8
	3.338-7.568

	2012
	4.9-8.77
	5.05-8.0775
	3.57-8.814
	4.725-7.659
	3.6
	2.004-10.38


Source: Own computations using Excel

APPENDIX 1
The new accuracy measures for forecast intervals of inflation 
	 
	Forecasts based on bootstrap technique

	 
	Accuracy measures

	Year
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	2001
	0.7
	-2.7
	-1
	0.7
	2.7
	1

	2002
	-3.5
	-5.8
	-4.65
	3.5
	5.8
	4.65

	2003
	-1.7
	-3.7
	-2.7
	1.7
	3.7
	2.7

	2004
	0
	-1.81
	-0.905
	0
	1.81
	0.905

	2005
	0
	-0.21
	-0.105
	0
	0.21
	0.105

	2006
	-0.44
	-1.63
	-1.035
	0.44
	1.63
	1.035

	2007
	-0.16
	-3.36
	-1.76
	0.16
	3.36
	1.76

	2008
	4.25
	-0.29
	1.98
	4.25
	0.29
	1.98

	2009
	1.09
	-2.66
	-0.785
	1.09
	2.66
	0.785

	2010
	-0.11
	-2.2
	-1.155
	0.11
	2.2
	1.155

	2011
	2
	-3.31
	-0.655
	2
	3.31
	0.655

	2012
	-1.3
	-5.17
	-3.235
	1.3
	5.17
	3.235

	average 
	-1.33375
	1.270833
	2.736667
	1.66375
	2.736667
	1.66375



	 
	Forecasts based on  BCA bootstrap technique

	 
	Accuracy measures

	Year
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	2001
	0.7
	-1.85
	-0.575
	0.7
	1.85
	0.575

	2002
	-3.5
	-5.35
	-4.425
	3.5
	5.35
	4.425

	2003
	-1.7
	-3.525
	-2.6125
	1.7
	3.525
	2.6125

	2004
	0
	-2.5
	-1.25
	0
	2.5
	1.25

	2005
	0
	-3.6075
	-1.80375
	0
	3.6075
	1.80375

	2006
	-0.44
	-1.64
	-1.04
	0.44
	1.64
	1.04

	2007
	-0.16
	-2.695
	-1.4275
	0.16
	2.695
	1.4275

	2008
	4.25
	0.575
	2.4125
	4.25
	0.575
	2.4125

	2009
	1.09
	-1.7225
	-0.31625
	1.09
	1.7225
	0.31625

	2010
	-0.11
	-1.7275
	-0.91875
	0.11
	1.7275
	0.91875

	2011
	2
	-1.9825
	0.00875
	2
	1.9825
	0.00875

	2012
	-1.3
	-4.4775
	-2.88875
	1.3
	4.4775
	2.88875

	average 
	0.069167
	-2.54188
	-1.23635
	1.270833
	2.637708
	1.639896


 
	 
	Forecasts based on previous registered value

	 
	Accuracy measures

	Year
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	2001
	51.2
	-52.7
	-0.75
	51.2
	52.7
	0.75

	2002
	8.14
	-16.98
	-4.42
	8.14
	16.98
	4.42

	2003
	3.98
	-10.02
	-3.02
	3.98
	10.02
	3.02

	2004
	1.6
	-4.99
	-1.695
	1.6
	4.99
	1.695

	2005
	3.08
	-5.54
	-1.23
	3.08
	5.54
	1.23

	2006
	1.31
	-3.57
	-1.13
	1.31
	3.57
	1.13

	2007
	1.26
	-3.5
	-1.12
	1.26
	3.5
	1.12

	2008
	6.193
	-2.412
	1.8905
	6.193
	2.412
	1.8905

	2009
	4.204
	-4.448
	-0.122
	4.204
	4.448
	0.122

	2010
	1.743
	-3.107
	-0.682
	1.743
	3.107
	0.682

	2011
	4.079
	-3.384
	0.3475
	4.079
	3.384
	0.3475

	2012
	0.03
	-5.214
	-2.592
	0.03
	5.214
	2.592

	average 
	7.234916667
	-9.655416667
	-1.21025
	7.234916667
	9.655416667
	1.58325



	 
	Forecasts based on forecasts’ standard deviation

	 
	Accuracy measures

	Year
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	2001
	0.668
	-2.167
	-0.7495
	0.668
	2.167
	0.7495

	2002
	-3.495
	-5.354
	-4.4245
	3.495
	5.354
	4.4245

	2003
	-2.249
	-3.8
	-3.0245
	2.249
	3.8
	3.0245

	2004
	-0.694
	-2.71
	-1.702
	0.694
	2.71
	1.702

	2005
	0.685
	-3.159
	-1.237
	0.685
	3.159
	1.237

	2006
	-0.46
	-1.814
	-1.137
	0.46
	1.814
	1.137

	2007
	0.127
	-2.376
	-1.1245
	0.127
	2.376
	1.1245

	2008
	4.135
	-0.35
	1.8925
	4.135
	0.35
	1.8925

	2009
	1.333
	-1.577
	-0.122
	1.333
	1.577
	0.122

	2010
	0.154
	-1.518
	-0.682
	0.154
	1.518
	0.682

	2011
	2.415
	-1.721
	0.347
	2.415
	1.721
	0.347

	2012
	-1.125
	-4.059
	-2.592
	1.125
	4.059
	2.592

	average 
	0.1245
	-2.550416667
	-1.212958333
	1.461666667
	2.550416667
	1.586208333



	 
	Forecasts based on historical RMSE

	 
	Accuracy measures

	Year
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	2001
	2.342
	-3.841
	-0.7495
	2.342
	3.841
	0.7495

	2002
	-1.252
	-7.597
	-4.4245
	1.252
	7.597
	4.4245

	2003
	5.584
	-11.633
	-3.0245
	5.584
	11.633
	3.0245

	2004
	4.25
	-7.654
	-1.702
	4.25
	7.654
	1.702

	2005
	2.573
	-5.047
	-1.237
	2.573
	5.047
	1.237

	2006
	3.369
	-5.643
	-1.137
	3.369
	5.643
	1.137

	2007
	1.426
	-3.674
	-1.124
	1.426
	3.674
	1.124

	2008
	5.182
	-1.401
	1.8905
	5.182
	1.401
	1.8905

	2009
	5.625
	-5.905
	-0.14
	5.625
	5.905
	0.14

	2010
	2.238
	-3.602
	-0.682
	2.238
	3.602
	0.682

	2011
	2.462
	-1.768
	0.347
	2.462
	1.768
	0.347

	2012
	1.596
	-6.78
	-2.592
	1.596
	6.78
	2.592

	average 
	2.949583333
	-5.37875
	-1.214583333
	3.15825
	5.37875
	1.5875



APPENDIX 2
The new accuracy measures for forecast intervals of unemployment
	 
	Forecasts based on 

	 
	Accuracy measures

	Average 
	d1
	d2
	d3
	|d1|
	|d2|
	|d3|

	Bootstrap method
	0.5558
	-1.5250
	-0.4846
	1.4925
	1.8750
	1.3171

	BCA bootstrap method
	0.4673
	-1.3348
	-0.4337
	1.4207
	1.6973
	1.2429

	Previous forecast value 
	1.8387
	-3.3823
	-0.7718
	2.0078
	3.3823
	1.2457

	Forecasts’ standard deviation
	-0.4926
	-1.5440
	-1.0183
	1.0889
	1.5440
	1.1632

	Historical RMSE
	0.9547
	-2.4797
	-0.7625
	1.7137
	2.7352
	1.3896
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