An Evaluation of the Performance of the WAID and Forward Search Approaches to Outlier and Error Identification in the 1998 ABI Data Set

This report describes the evaluation of the performance of the two outlier robust editing and imputation schemes investigated by the University of Southampton under the EUREDIT project. The evaluation is confined to the Y3 version of the ABI data set for sector one in 1998 and uses the performance measures specified in WP3 of the EUREDIT project. Comparison of these results with corresponding results from other EUREDIT partners will be carried out as part of WP6 of the EUREDIT project.

1. Background to the Experiments

The research carried out at the University of Southampton into outlier robust editing and imputation forms part of the output of WP4.2 and WP5.2 of the EUREDIT project. In this context two forms of outlier robust editing methods were investigated. Both aim to “localise errors” in the data by identifying outliers relative to an assumed model for the data:

· Forward Search, based on an initial robust regression fit to the data.

· Robust regression tree modelling, based on application of the WAID software.

A number of robust imputation methods were also investigated:

· Robust model-based imputation.

· Random draw imputation from non-error values.

· Nearest neighbour imputation from non-error values.

· Reverse calibration imputation, based on a robust estimate of the population total for the variable of interest.

The methodology for these approaches has been described in previous deliverables under WP4.2 and WP5.2. Since those reports were written, further development has focussed on extension of the WAID-based approach to multivariate outlier/error detection and to edit and imputation for “component” variables, i.e. variables that satisfy an “adding up” constraint.

Details of the extension of the WAID approach to multivariate outlier/error detection are set out in the Appendix to this report, which contains a paper, prepared for presentation at the DATACLEAN conference in May 2002, that describes the multivariate WAID methodology and evaluates it using the 1997 ABI data set.

The methodology used to extend the WAID approach to edit and imputation for component variables is essentially hierarchical in nature. That is, the methodology is first used to edit and impute the constraining “total” variable(s). The “cleaned up” values of these total variables are then used, along with the error-free register variables as explanators in a robust regression tree for a component variable. Subsequently, outlier/error identification and imputation for the component variable proceeds using standard WAID methodology. All cases with imputed values for component variables finally have these values scaled to agree with the constraining values of the corresponding total variables.

Since initial development work with the 1997 ABI data set indicated that the error generating process in the ABI data appeared to be essentially univariate in its behaviour (virtually all multivariate outliers were also identified as univariate outliers), it was decided to restrict evaluation of the Forward Search algorithm to its univariate form (denoted UFS below) when applying it to the 1998 ABI data set. Because of the length of computing time needed for this methodology, it was also restricted to the five main total variables in the ABI data set (turnover, emptotc, purtot, taxtot and employ). There are two other major total variables in this data set (assacq and assdisp). However, both these variables contained too many zeros to allow the log-scale modelling necessary under FS. For the WAID approach both univariate (UWAID) and multivariate (MWAID) versions of the edit and imputation algorithm were evaluated. Again, although the MWAID application is computationally very fast, it was only implemented for the five main total variables because of the large number of zeros for assacq and assdisp. As a consequence the univariate WAID methodology was the only one used for outlier/error detection for all variables in the 1998 ABI data set.

Table 1 sets out the “experiments” that were evaluated using the 1998 ABI data. All operating parameters for these experiments were carried forward from the values identified in the 1997 ABI data. Thus, for the WAID-based methodologies, weight cut-off values for outlier/error detection were based on optimal values identified in the 1997 ABI data.

Note that with both the UWAID and MWAID based strategies, outlier/error/missing values imputation were carried out using (robust) mean value imputation within terminal nodes of the robust WAID tree, since tests with the 1997 ABI data has indicated that this was preferable to random draw imputation from non-outliers (inliers) in these nodes. Also, in this table REG refers to an unweighted linear regression imputation based on the inliers in the sample data, LREG refers to the same type of imputation, but based on a loglinear model for these inliers and NNI refers to nearest neighbour imputation based on the distance (in the logarithm of the register variable turnreg) to the nearest inlier. Finally, we note that RCI refers to reverse calibration imputation, based on a robust regression estimate for the population total of the variable of interest.

Table 1. Experiments on the ABI Data (Y3) for 1998
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It should be noted here that the outlier identification performance of the UWAID, MWAID and UFS methodologies varied considerably for the 1998 ABI data. In Tables 2 and 3 we show the marginal and joint distribution of the “error indicators” generated by each procedure for the seven major total variables in these data.

Table 2. Numbers of outliers identified by the different methods in the 1998 ABI data

	Method
	turnover
	emptotc
	purtot
	taxtot
	assacq
	assdisp
	employ

	Unweighted Count

	UWAID
	220
	295
	269
	592
	189
	142
	131

	MWAID
	212
	212
	348
	246
	0
	0
	167

	UFS
	390
	228
	384
	253
	8
	6
	11

	Weighted Count

	UWAID
	7813
	9584
	9449
	20180
	6060
	3348
	4058

	MWAID
	6917
	6917
	11185
	7952
	0
	0
	5408

	UFS
	14240
	7718
	13958
	8642
	353
	47
	352


Table 3. Joint distribution (unweighted) of outlier identifiers for the UWAID, MWAID and UFS methods applied to the 1998 ABI data (N = not identified as an outlier, Y = identified as an outlier).

	UWAID/

MWAID/

UFS
	turnover
	emptotc
	purtot
	taxtot
	assacq
	assdisp
	employ

	N/N/N
	5812
	5907
	5741
	5631
	6044
	6091
	5931

	N/N/Y
	182
	1
	124
	0
	0
	0
	7

	N/Y/N
	15
	27
	80
	10
	0
	0
	163

	N/Y/Y
	4
	3
	19
	0
	0
	0
	1

	Y/N/N
	14
	64
	11
	322
	181
	136
	125

	Y/N/Y
	13
	49
	9
	34
	8
	6
	3

	Y/Y/N
	2
	7
	17
	17
	0
	0
	3

	Y/Y/Y
	191
	175
	232
	219
	0
	0
	0


It can be seen in Table 2 that the UFS procedure identified almost twice the number of outliers as the UWAID and MWAID procedures for turnover, while for taxtot the UWAID procedure identified twice as many outliers as the MWAID and UFS procedures. Turning to Table 3, we see that for turnover and purtot the UFS procedures identifies many cases as outliers that are not identified by either UWAID or MWAID, while for employ the outliers identified by UWAID and MWAID seem to be quite different from one another.

Overall, the evidence in Tables 2 and 3 is that the three outlier identification methods investigated using the 1998 ABI data are very different in terms of their outlier identification behaviour.

2. Evaluation of Edit/Imputation Performance for 1998 ABI Data

Since all 6 of the edit/imputation strategies defined in Table 1 were only applied to the five main ABI total variables, we start by considering edit/imputation performance for these variables. The performance criteria were defined in EUREDIT WP3. They are (number in parentheses refers to equation in the EUREDIT report defining these criteria):

Editing Performance Criteria

alpha

proportion of errors not identified as outliers (1)

beta

proportion of non-errors identified as outliers (2)

delta

overall proportion of editing “mistakes” made by outlier identification (3)

RAE

weighed relative average error after outlier identification (7)

RRASE

weighted relative root average squared error after outlier identification (8)

RER

relative error range after outlier identification (9)

tj

t-statistic for effectiveness of outlier identification (11)

AREm1

absolute relative difference between edited and true weighted means (12)

AREm2

absolute relative difference between edited and true weighted means of squared values (12)

Imputation Performance Criteria

Slope
estimated slope coefficient for a robust (Huber) fit of the “through the origin” regression of the true value on the imputed value

t-val
t-statistic for test of whether the true slope coefficient equals one

mse
weighted residual mean squared error from the fitted regression line

R^2
R-square value for the fitted regression line

dL1
weighted absolute distance between true and imputed values (19)

dL2
weighted Euclidean distance between true and imputed values (20)

dLinf
maximum weighted absolute difference between true and imputed values (21)

K-S
Kolmogorov-Smirnov distance between true and imputed values (25)

K-S_1
absolute difference weighted Kolmogorov-Smirnov distance between true and imputed values (26)

K-S_2
squared difference weighted Kolmogorov-Smirnov distance between true and imputed values (26)

m_1
absolute difference between weighted sums of true and imputed values (28)

m_2
absolute difference between weighted sums of deviations from means of true and imputed values (28).

MSE

estimated mean squared error of weighted mean based on imputed values

Table 4 shows the best performing methods according to these criteria for the five main total variables. The corresponding values for these criteria for these variables are shown in Tables 5 – 9. Tables 10 – 14 show values for these criteria obtained by applying UWAID methodology to the remaining ABI variables. Because there are no comparator methods for these variables in the experiments conducted by the University of Southampton, we defer analysis of these results till WP6, where they will be compared with corresponding results obtained by other EUREDIT methodologies.

Turning now to the results shown in Table 4, we see that the results appear very mixed. However, there are a few clear messages. The first is that the UWAID procedure dominates the MWAID procedure for the 1998 ABI data. This is not unexpected, given that the same phenomenon was observed in the 1997 ABI data, and reflects the fact that the error structure in these data seem to be essentially univariate in nature. Secondly, we see that the mean imputation methods used by UWAID and MWAID are distinctly inferior to the linear model-based imputation methods used with UFS. This raises the interesting question of whether an optimal compromise (in terms of speed of execution and accuracy) would be to combine an essentially non-parametric tree-based outlier identification strategy with a parametric model-based imputation strategy. Unfortunately, this option was not explored in the EUREDIT project, and its performance remains an open question.

Finally, it is interesting to observe that there is a considerable difference in editing performance between 1997 and 1998 as far as the ABI data are concerned. For example, for the variable turnover the values of alpha, beta and delta for UWAID in 1997 were 0.1992, 0.0010 and 0.0089 respectively. In contrast, in 1998 the same values were 0.6206, 0.0030 and 0.0563. This decrease in editing performance occurs across all the major ABI variables, indicating a change in the nature of outliers/errors between 1997 and 1998. A major implication of this change is that optimal tuning of the WAID-based edit/imputation strategy on the basis of the 1997 ABI data is likely to be rather sub-optimal in 1998.

Table 4. Best performing methods according to EUREDIT evaluation criteria

	
	turnover
	emptotc
	purtot
	taxtot
	employ

	alpha
	UFS
	UWAID
	UFS
	UWAID
	UWAID

	beta 
	UWAID
	UFS
	UWAID
	UFS
	UFS

	delta
	UWAID
	UFS
	UFS
	UWAID
	UFS

	RAE 
	UFS
	UFS
	UFS
	UWAID
	UWAID

	RRASE
	UFS
	UFS
	UFS
	UWAID
	UWAID

	RER 
	UFS
	UFS
	UFS
	UWAID
	UWAID

	tj
	UFS/UWAID
	UFS/UWAID
	UFS
	UWAID
	UWAID/MWAID/UFS

	AREm1
	UFS
	UFS
	UFS
	UWAID
	MWAID

	AREm2
	UWAID
	UFS
	UFS
	UFS
	UFS

	Slope
	NNI
	LREG
	UWAID
	LREG
	UWAID/LREG

	t-val
	NNI
	UWAID
	UWAID
	LREG
	UWAID

	mse 
	RCI
	NNI
	LREG
	RCI
	NNI

	R^2 
	RCI
	NNI
	LREG
	RCI
	UWAID

	dL1 
	RCI
	LREG
	LREG
	RCI
	LREG

	dL2 
	LREG
	LREG
	LREG
	NNI
	LREG

	dLinf
	LREG
	LREG
	LREG
	NNI
	RCI/REG/LREG

	K-S 
	RCI
	MWAID
	MWAID
	NNI
	MWAID

	K-S_1
	NNI
	NNI
	RCI
	NNI
	MWAID

	K-S_2
	NNI
	NNI
	RCI/REG/NNI
	NNI
	MWAID

	m_1 
	REG
	REG
	RCI
	NNI
	LREG

	m_2 
	LREG
	LREG
	LREG
	NNI
	REG

	MSE
	
	
	
	
	


Table 5. Edit and imputation performance criteria for 1998 ABI data: turnover
	
	UWAID
	MWAID
	UFS

	alpha
	0.620561
	0.64486
	0.551402

	beta 
	0.003001
	0.003707
	0.02489

	delta
	0.05629
	0.059032
	0.070323

	RAE 
	0.029452
	0.549694
	-0.00237

	RRASE
	0.014088
	0.038454
	0.000344

	RER 
	2089.383
	1536.526
	47.79663

	tj
	0.219267
	4.09247
	-0.01766

	AREm1
	0.036078
	0.384198
	0.020368

	AREm2
	0.048706
	0.532731
	0.063471

	
	UWAID
	MWAID
	RCI
	REG
	LREG
	NNI

	Slope
	1.094096
	0.001084
	0.91861
	0.920052
	0.936493
	0.987358

	t-val
	63.26638
	-16607.8
	-1717.67
	-1644.42
	-1281.55
	-48.2269

	mse 
	1.58E+10
	1.64E+12
	2.02E+08
	2.16E+08
	2.16E+08
	3.75E+08

	R^2 
	0.512591
	0.00054
	0.986683
	0.985715
	0.985723
	0.981364

	dL1 
	596.1872
	11970.97
	342.3625
	355.5715
	350.3022
	350.6506

	dL2 
	21611.28
	232092.1
	2807.895
	2871.315
	2692.684
	3101.538

	dLinf
	44379.65
	404993.9
	4375.954
	4291.201
	3452.485
	5157.561

	K-S 
	0.106719
	0.081967
	0.072464
	0.082126
	0.084541
	0.077295

	K-S_1
	0.002837
	0.005249
	0.002323
	0.002298
	0.002372
	0.002256

	K-S_2
	0.000023
	0.000056
	0.000011
	0.00001
	0.00001
	0.000009

	m_1 
	420.3932
	199.4709
	21.3298
	3.693813
	9.804838
	70.79955

	m_2 
	6.39E+08
	4.68E+10
	59073406
	58075121
	42154701
	61438155

	MSE
	
	
	
	
	
	


Table 6. Edit and imputation performance criteria for 1998 ABI data: emptotc
	
	UWAID
	MWAID
	UFS

	alpha
	0.609797
	0.677365
	0.626689

	beta 
	0.011439
	0.003575
	0.001251

	delta
	0.068692
	0.068046
	0.061096

	RAE 
	-0.06131
	2.470995
	0.036276

	RRASE
	0.06313
	0.137703
	0.002021

	RER 
	9561.25
	3783.059
	132.7132

	tj
	-0.49195
	19.8263
	0.291066

	AREm1
	0.212751
	2.405052
	0.06099

	AREm2
	0.785774
	1.286191
	0.39427

	
	UWAID
	MWAID
	RCI
	REG
	LREG
	NNI

	Slope
	0.481249
	0.000724
	0.801911
	0.802155
	1.065733
	1.516882

	t-val
	-250.412
	-14602.7
	-16059.3
	-16037.7
	3756.052
	13015.33

	mse 
	7.6E+09
	1.48E+10
	2.98E+08
	2.98E+08
	2.6E+08
	82495208

	R^2 
	0.303827
	0.000007
	0.969902
	0.969873
	0.973753
	0.991706

	dL1 
	420.3853
	2162.555
	138.7502
	145.5091
	120.413
	171.5931

	dL2 
	15022.17
	21890.82
	4592.241
	4588.772
	3066.479
	6060.912

	dLinf
	25383.29
	38784.77
	9288.727
	9274.438
	6700.678
	12812.96

	K-S 
	0.184751
	0.054475
	0.171533
	0.171533
	0.208029
	0.058394

	K-S_1
	0.00671
	0.005369
	0.002484
	0.002482
	0.002709
	0.001713

	K-S_2
	0.000065
	0.000064
	0.000011
	0.000011
	0.000012
	0.000007

	m_1 
	349.995
	1038.569
	7.297965
	0.575513
	68.43208
	124.9044

	m_2 
	2.34E+08
	4.07E+08
	1.22E+08
	1.21E+08
	52337158
	1.64E+08

	MSE
	
	
	
	
	
	


Table 7. Edit and imputation performance criteria for 1998 ABI data: purtot
	
	UWAID
	MWAID
	UFS

	alpha
	0.736443
	0.732104
	0.672451

	beta 
	0.004927
	0.016487
	0.014592

	delta
	0.113728
	0.122923
	0.112437

	RAE 
	0.273681
	0.671842
	-0.00444

	RRASE
	0.059352
	0.125596
	0.000513

	RER 
	4778.751
	17967.79
	90.87374

	tj
	1.973094
	4.843616
	-0.032

	AREm1
	0.303464
	0.328991
	0.014892

	AREm2
	0.327169
	0.319365
	0.068033

	
	UWAID
	MWAID
	RCI
	REG
	LREG
	NNI

	Slope
	1.072567
	0.000435
	0.719092
	0.72052
	0.799945
	0.789004

	t-val
	251.6684
	-24133.7
	-5591.34
	-6309.16
	-4170.07
	-3593.52

	mse 
	4.39E+09
	8.53E+11
	2.11E+08
	2.11E+08
	2.03E+08
	2.15E+08

	R^2 
	0.557993
	0.000012
	0.965515
	0.965511
	0.966676
	0.962524

	dL1 
	294.8865
	14763.86
	311.3344
	303.2837
	291.5457
	300.2414

	dL2 
	11291.62
	169953.7
	4217.576
	4191.735
	3011.399
	3418.215

	dLinf
	23724.51
	294990.2
	10700.07
	10624.53
	6850.536
	7326.036

	K-S 
	0.135314
	0.043478
	0.11138
	0.116223
	0.121065
	0.121065

	K-S_1
	0.002918
	0.009112
	0.0016
	0.001604
	0.001738
	0.001757

	K-S_2
	0.000018
	0.000195
	0.000007
	0.000007
	0.000008
	0.000007

	m_1 
	191.8061
	4019.973
	28.64343
	29.27933
	55.02181
	73.36616

	m_2 
	1.84E+08
	2.32E+10
	92727473
	91774180
	47865007
	59732867

	MSE
	
	
	
	
	
	


Table 8. Edit and imputation performance criteria for 1998 ABI data: taxtot

	
	UWAID
	MWAID
	UFS

	alpha
	0.428184
	0.696477
	0.659892

	beta 
	0.031136
	0.003114
	0.000183

	delta
	0.078412
	0.085673
	0.078735

	RAE 
	0.028594
	23.40053
	0.196945

	RRASE
	0.006425
	1.918162
	0.012442

	RER 
	1335.25
	61711.83
	1618.917

	tj
	0.270843
	221.6481
	1.865446

	AREm1
	0.096812
	24.29344
	0.211025

	AREm2
	0.496934
	508.3792
	0.057339

	
	UWAID
	MWAID
	RCI
	REG
	LREG
	NNI

	Slope
	0.712362
	0.000378
	0.545571
	0.545477
	0.883104
	0.632449

	t-val
	-84.9899
	-25417.6
	-5133.63
	-5133.67
	-20.7832
	-152.822

	mse 
	77145696
	1.93E+08
	1184382
	1184743
	4703601
	1865188

	R^2 
	0.289715
	0.000004
	0.812026
	0.811919
	0.771875
	0.69299

	dL1 
	34.53857
	236.0763
	10.39547
	10.45807
	14.22901
	12.84857

	dL2 
	1478.016
	2781.949
	220.7668
	220.887
	364.6426
	217.3792

	dLinf
	3479.579
	3711.412
	464.7883
	464.9607
	629.9347
	358.7315

	K-S 
	0.122807
	0.072464
	0.226481
	0.226481
	0.299652
	0.034843

	K-S_1
	0.003196
	0.008587
	0.001716
	0.001723
	0.007802
	0.001614

	K-S_2
	0.000017
	0.000117
	0.000014
	0.000015
	0.000146
	0.000008

	m_1 
	26.12004
	95.41677
	2.666321
	2.731782
	9.268907
	1.586346

	m_2 
	2381564
	3785225
	93611.1
	93715.52
	147284.8
	15228.07

	MSE
	
	
	
	
	
	


Table 9. Edit and imputation performance criteria for 1998 ABI data: employ
	
	UWAID
	MWAID
	UFS

	alpha
	0.854237
	0.969492
	0.986441

	beta 
	0.01492
	0.024754
	0.001187

	delta
	0.054901
	0.069756
	0.048119

	RAE 
	-0.00105
	0.026573
	0.017314

	RRASE
	0.000154
	0.001761
	0.000621

	RER 
	12.57143
	218.1429
	24.92857

	tj
	-0.00964
	0.243004
	0.15833

	AREm1
	0.140217
	0.023288
	0.024961

	AREm2
	0.604076
	0.014495
	0.008858

	
	UWAID
	MWAID
	RCI
	REG
	LREG
	NNI

	Slope
	4.524145
	0.002195
	0.076734
	0.028752
	0.176146
	0.040529

	t-val
	95.03577
	-6019.96
	-248.591
	-460.814
	-121.462
	-1076.25

	mse 
	1.77E+08
	5362205
	38529.76
	39142.35
	38854.7
	38306.72

	R^2 
	0.887685
	0
	0.068497
	0.027107
	0.030511
	0.043106

	dL1 
	77.5042
	88.03303
	6.598748
	9.731132
	5.322454
	11.45526

	dL2 
	2575.753
	597.0478
	33.50995
	42.64802
	31.83914
	73.05567

	dLinf
	3890.856
	690.3272
	26.98693
	26.98693
	26.98693
	43.82677

	K-S 
	0.128655
	0.076923
	0.176471
	0.176471
	0.176471
	0.078431

	K-S_1
	0.0065
	0.004137
	0.018146
	0.016428
	0.023136
	0.008824

	K-S_2
	0.000077
	0.000038
	0.001177
	0.001018
	0.00221
	0.000254

	m_1 
	74.55519
	62.32598
	2.579715
	5.812641
	0.081145
	7.897289

	m_2 
	7031699
	33322.52
	588.3248
	118.8424
	961.5556
	4260.052

	MSE
	
	
	
	
	
	


Table 10: Edit and imputation performance criteria for 1998 ABI data: UWAID methodology

	
	empwag
	empni
	empens
	empred

	alpha
	0.396226
	0.333333
	0.192308
	0.083333

	beta 
	0.031008
	0.028807
	0.006703
	0.002286

	delta
	0.040341
	0.036001
	0.009805
	0.003537

	RAE 
	0.002398
	-0.00644
	-0.00185
	-0.00021

	RRASE
	0.001401
	-0.00437
	-0.00024
	-0.00037

	RER 
	902.45
	49
	8.555556
	37.22222

	tj
	0.014134
	0.004429
	0.007226
	0.004756

	AREm1
	0.34151
	3.518752
	0.489768
	0.058613

	AREm2
	0.784085
	0.757694
	0.960469
	0.525932

	Slope
	1.011668
	1.202949
	0.378735
	

	t-val
	33.1751
	52.36976
	-658.737
	

	mse 
	1.31E+10
	53171086
	1.63E+08
	

	R^2 
	0.028887
	0.14608
	0.016609
	

	dL1 
	573.3526
	40.95693
	106.381
	20.01833

	dL2 
	20354.16
	1304.313
	2612.477
	430.4472

	dLinf
	36858.34
	2253.307
	4513.632
	697.9498

	K-S 
	0.047458
	0.352113
	0.072993
	0.182609

	K-S_1
	0.007175
	0.008133
	0.006795
	0.001534

	K-S_2
	0.000102
	0.000123
	0.000122
	0.000082

	m_1 
	549.7638
	38.59154
	94.99219
	5.46073

	m_2 
	4.2E+08
	1781963
	6884240
	286027.8

	MSE
	
	
	2.956209
	0.715429


Table 11: Edit and imputation performance criteria for 1998 ABI data: UWAID methodology

	
	puren
	purcoth
	puresale
	purhire
	purins

	alpha
	0.509434
	0.424731
	0.515588
	0.293233
	0.398936

	beta 
	0.051624
	0.059214
	0.237011
	0.025169
	0.081301

	delta
	0.067235
	0.070153
	0.274813
	0.030908
	0.090909

	RAE 
	0.032825
	-0.00505
	0.011264
	-0.00135
	0.002385

	RRASE
	-0.09194
	0.002221
	0.001284
	-0.00123
	-0.00031

	RER 
	205.5455
	264.1111
	203.3431
	116.1111
	22.1

	tj
	-0.00397
	-0.01228
	0.075371
	0.006112
	-0.05797

	AREm1
	29.74119
	1.793241
	0.342701
	0.58507
	0.285137

	AREm2
	0.934405
	0.978799
	0.842225
	0.961691
	0.827901

	Slope
	0.059057
	0.071866
	0.926951
	0.058931
	0.059095

	t-val
	-38965.9
	-39018.3
	-2083.9
	-8471.06
	-91878.1

	mse 
	44403344
	99768939
	7.29E+10
	58475715
	345895.3

	R^2 
	0.414162
	0.481363
	0.60217
	0.089926
	0.747366

	dL1 
	481.9813
	769.3565
	943.1398
	332.1292
	59.23877

	dL2 
	19686.59
	31868.96
	49060.1
	8820.237
	2951.995

	dLinf
	63488.51
	103482.1
	238641.8
	24556.71
	9265.004

	K-S 
	0.046512
	0.172199
	0.060571
	0.048507
	0.476651

	K-S_1
	0.002522
	0.001494
	0.000885
	0.003004
	0.002447

	K-S_2
	0.000014
	0.000008
	0.000002
	0.000023
	0.000012

	m_1 
	438.5554
	566.2888
	187.3019
	239.0481
	54.67454

	m_2 
	4.33E+08
	1.13E+09
	3.82E+09
	81030307
	9878939

	MSE
	
	
	
	603.4195
	


Table 12: Edit and imputation performance criteria for 1998 ABI data: UWAID methodology

	
	purtrans
	purtele
	purcomp
	puradv
	purothse
	purothal

	alpha
	0.232558
	0.412371
	0.318519
	0.343373
	0.454237
	0.569707

	beta 
	0.022182
	0.098173
	0.023195
	0.057355
	0.083924
	0.066117

	delta
	0.026549
	0.107982
	0.029611
	0.064994
	0.101496
	0.113599

	RAE 
	-0.00754
	0.000823
	0.000064
	-0.00302
	0.016335
	0.07604

	RRASE
	0.002572
	-0.002
	-0.00044
	0.002106
	0.012446
	0.005431

	RER 
	143
	240
	29.11111
	139.4444
	6455.571
	97.91429

	tj
	-0.00818
	-0.02287
	-0.00039
	-0.00724
	0.117709
	0.594874

	AREm1
	2.196764
	0.254046
	0.42981
	1.791076
	0.602078
	0.031335

	AREm2
	0.950262
	0.776529
	0.847775
	0.722591
	0.859564
	0.088221

	Slope
	0.081257
	0.000079
	0.000084
	0.071908
	0.709365
	0.352381

	t-val
	-22779
	-482801
	-379229
	-118406
	-2771.3
	-247.401

	mse 
	1.36E+08
	872499.3
	39642239
	51233210
	7.09E+08
	4568175

	R^2 
	0.864233
	0.018659
	0.035825
	0.388863
	0.423959
	0.062611

	dL1 
	1798.416
	472.5119
	4594.471
	405.8487
	278.6783
	55.96934

	dL2 
	63326.05
	12667.61
	70612.19
	13917.43
	5951.339
	391.5519

	dLinf
	156548.4
	30108.98
	73724.89
	37613.87
	14308.89
	585.2577

	K-S 
	0.130952
	0.640884
	0.099206
	0.291755
	0.08457
	0.237681

	K-S_1
	0.003693
	0.001913
	0.006215
	0.003935
	0.004201
	0.00359

	K-S_2
	0.000027
	0.000013
	0.000104
	0.000032
	0.000042
	0.000056

	m_1 
	1773.992
	465.9768
	4584.506
	354.4483
	74.29392
	16.89016

	m_2 
	4.8E+09
	1.61E+08
	5.02E+09
	2.22E+08
	18631611
	74857.99

	MSE
	51471.38
	
	41289.16
	
	
	


Table 13: Edit and imputation performance criteria for 1998 ABI data: UWAID methodology

	
	taxrates
	taxothe
	stockbeg
	stockend

	alpha
	0.406504
	0.195021
	0.629005
	0.63606

	beta 
	0.030131
	0.018745
	0.005024
	0.002698

	delta
	0.045016
	0.025579
	0.065034
	0.064307

	RAE 
	-0.02782
	-0.07558
	0.005856
	0.031349

	RRASE
	0.021895
	-0.02859
	0.014211
	0.00352

	RER 
	2101.182
	2173.333
	2716.353
	655.0769

	tj
	-0.08988
	1.121369
	0.069009
	0.374633

	AREm1
	0.843031
	0.113846
	0.00015
	0.017913

	AREm2
	0.745291
	0.484819
	0.044057
	0.005457

	Slope
	0.980661
	0.096272
	0.649593
	1.040717

	t-val
	-32.031
	-1747.97
	-116.692
	9.158935

	mse 
	1.26E+08
	8240832
	2.15E+08
	2.14E+08

	R^2 
	0.298966
	0.142853
	0.291983
	0.268889

	dL1 
	65.80017
	18.11134
	108.469
	112.9998

	dL2 
	2154.474
	513.5689
	2540.099
	2548.693

	dLinf
	4406.367
	1076.837
	5371.054
	5547.669

	K-S 
	0.097345
	0.157895
	0.187302
	0.13961

	K-S_1
	0.005879
	0.003329
	0.004518
	0.0034

	K-S_2
	0.000063
	0.00003
	0.000046
	0.000034

	m_1 
	41.80852
	10.73534
	66.11186
	88.37089

	m_2 
	4406634
	284622.6
	7342215
	7338428

	MSE
	
	
	
	


Table 14: Edit and imputation performance criteria for 1998 ABI data: UWAID methodology

	
	assacq
	assdisp
	capwork

	alpha
	0.653105
	0.705405
	0.924731

	beta 
	0.004739
	0.005679
	0.000979

	delta
	0.053852
	0.047565
	0.014781

	RAE 
	0.008321
	2.374174
	-0.33814

	RRASE
	0.001773
	0.07389
	-0.00958

	RER 
	447.7619
	455.3333
	

	tj
	0.042326
	2.544326
	32.4562

	AREm1
	0.340343
	1.077162
	0.333323

	AREm2
	0.801249
	0.938963
	1.97787

	Slope
	3.553013
	0.548589
	0

	t-val
	1720.553
	-53.6619
	-3.3E+41

	mse 
	4.18E+09
	4.88E+08
	446265

	R^2 
	0.383553
	0.10867
	0.000827

	dL1 
	351.019
	106.0551
	106.8106

	dL2 
	11707.13
	4220.196
	182.2714

	dLinf
	17005.21
	9383.703
	72.83723

	K-S 
	0.36965
	0.474227
	0.590909

	K-S_1
	0.008095
	0.001032
	0.028631

	K-S_2
	0.000088
	0.000042
	0.010411

	m_1 
	339.5312
	99.66919
	96.16538

	m_2 
	1.42E+08
	17907108
	10007.96

	MSE
	
	
	8.285855
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