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Objectives: ML for National Economic Accounts

= Identify which modeling considerations (e.g. algorithm, data,
feature selection) are associated with accuracy gains for PCE

\
@
/ !‘ \ services component of GDP.

= Develop a framework to determine where
Ml VS. MZ predictions can be reliably applied to reduce
revisions given sample size constraints.




There’s more variables than records.
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Traditional statistical methods have trouble
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Small samples call for different strategies.

Issue Solution
Typical goal of prediction is to crown For national accounts, the ideal is to find a
a definitive winner among all tested general set of approaches that will consistently
models. yield accuracy gains.
4 4

Algorithm 2
Algorithm 1 AT
> >
0 RMSE 0 RMSE
(While M1 is better than M2, in small (If M1 and M2 are derived from the same
samples there is effectively no difference) algorithm but with different inputs, we can

form a strategy around a class of algorithm)
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Predictions must beat current methods.
Poor performing

% %/ prediction model
\

o<

Current methods

to beat

prd

|deal strong
performing
prediction model

Win margin =
revision reduction



A Prediction Horse Race
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Prediction Horse Race

Q Yit = fm[gk(Xt: Yi,t—p»)]

Predict the Quarterly
Services Survey (QSS).

Evaluate Absolute
Performance

Identify Best Relative
Reductions

U.5. DEPARTMENT OF COMMERCE
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Step 1: A Prediction Horse Race

Vie = Jml9x (Xt» Yi,t—p)]

“Predict quarterly industry growth y;; using a
large number of combinations of algorithms,

data, and variable selection methods”

10



Step 1: Data in Horse Race
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Draw on a broad range of potential source data to compare traditional

Quarterly
Services

Survey
U.S. Census Bureau

188 industry series
n = 31 quarters

Source data for significant
proportion of PCE Services

4

Viep)]
4

sources and alternative sources.

Vit = fml 9k (Xt»

Credit Card Transactions
First Data — Palantir/ Fed Board
Revised Series
192 industries

Search Queries
Google Trends
230 associated searches

Current Employment Survey
BLS
140 industries

Consumer Price Index
BLS

600+ indexes

Lagged QSS

U.S. Census Bureau

188 industry codes lagged for
t-4to t-1
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Step 1: Algorithms in Horse Race
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Vie = [m|9k (Xt: Yi,t—p)]

Extreme Gradient

4Q Moving Average Ridge Regression Boosting

Support Vector

Stepwise Regression Machines

Multi-Adaptive
LASSO Regression Random Forest Regression Splines
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Step 1: Algorithms in Horse Race
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Vie = [m|9k (Xt: Yi,t—p)]

|
: . . Extreme Gradient
4Q Moving Average Ridge Regression Boosting Type of Method
Univariate
o : Support Vector Multivariate Regression
epwise Regression Machines Non-Linear or Non-Parametric

Multi-Adaptive
LASSO Regression Random Forest

Regression Splines

13
6/7/2019



“hea

Bureau of Economic Analysis
U.S. DEPARTMENT OF COMMERCE

Step 1: Algorithms in Horse Race

Vie = [m|9k (Xt: Yi,t—p)]

|
4Q Moving Average Ridge Regression EB);t;:tr?negGradlent
Single or Ensemble (many in one)
Single
Stepwise Regression ST L s Ensemble

Machines

Multi-Adaptive

LASSO Regression Random Forest Regression Splines
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Step 1. Variable Selection Procedures in Horse Race

Vit = fmlx (Xt» Yi,t—p)]
{

Cherry Picking Kitchen Sink

Include only conceptually All-in.
similar variables.

25 data set
combinations

15
6/7/2019



“he

Bureau l::f EI:OI'IOI'I‘ITC Analysls

RTMEN

Methods: One-Step Ahead

Train For Later Iterations

| @@ = o — —

Train For Later Iterations

Iteration

%
|
11 ]
SRR

t-5 t-4 t-3 t-2 t-1 t t+1 t+2 t+3 t+4 t+5
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Methods: A Prediction Horse Race

For this study 886,608 models were trained,
based on the combinations of

industry
X
data sets
X
algorithm
X
variable selection
X
time period

17



Prediction tracks show agreement and
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[disagreement] in growth patterns. Bureau o Economic Aratl
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Approach (Part 2): Evaluating Absolute Performance

Identify Best

Evaluate Absolute

Prediction Horse Race
Performance

Relative Reductions
Yit = fm[Sk(Xt» Yi,t—p:)]

Measure what generally leads
to an accuracy increase in the
QSS

19
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Average Absolute Accuracy

RMSE; i m = B+a +Vm+S+ €i,km

Estimate a fixed-effects regression to parse out the
average accuracy gain associated with each

algorithm, data set, etc.

20



Results: Average RMSE Improvement (Relative to Stepwise)
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-ll bea
ATMEN

Takeaway: On average, ensemble methods improve accuracy the most.

0.56 0.43
0.16
- Bl 0.00
-0.04
-0.25
-0.68
-1.48
-2.15
Random XGBoost LASSO Stepwise Ridge SVM Decision MARS Moving

Forest Regression Trees Average
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Average RMSE Improvement (Relative to Google Trends) _..bea
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Takeaway: Measures of consumption and employment help the most.
Also, the processes are strongly seasonal.

0.97
0.87 081
0.39
. O.OO

BLS CES Dependent Lags First Data BLS CPI Google Trends

22
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More data might not better, and cherry picking does not help. _..bea

Cherry Picking vs. Kitchen Sink

-0.28 Cherry Picking adds error to predictions.

Number of Data Sets (Need to be considered in conjunction with dataset parameter

estimates)
Two data sets add some additional error, but can be

'0°31 offset depending on the datasets that are combined.

-0.8 Three data sets add a disproportionate amount of error,
but no three data set combination is better than a two

data set combination.

23
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Revision Impacts

Evaluate Absolute Identify Best
Performance Relative Reductions

Convert QSS into PCE and
find sure-fire improvements
compared with current

Prediction Horse Race

Yit = fm[gk(Xtr Yi,t—pr )]

24
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Calculate Sustainable Improvements

a Convert QSS into PCE
services components

é\"m = gc(i\]it)

e Calculate Percent e Calculate Mean Revision
Improved Periods (PIP) Reduction Probability
(MRRP)

25



“hea

Bureau f Ecanumu: Analysm

Mean Revision Reduction Probability

Calculate the Root Mean Squared Revision for each model m and current BEA methods.

1 A 1
RMSRcurrent — EZ( Ccurrent o Cthird)z RMSRm — _Z( Em o Cthird,)z
V i=1 V n [ =

Calculate revision reduction for
model m

ARMSR,,, = RMSR,,, — RMSR_;;rent

Estimate probability that any 1 —
model will result in revision MRRP. = [ Z (4ARMSR,,, < 0)

reduction for component C m=1

26
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Percent Improved Periods (PIP)

How often do models offer an improvement?

Calculate the Root Mean Squared Revision for each model m and current BEA methods.

1 Z A A
PIPm — ? ( | Cmt _ Cthi?‘d,tl < | Ccurrent,t _ Cthird,tl)
Calculate average revision reduction using model m

M
1
PIP, =~ Z (PIP,> 0.5)
m=1

27



Identifying predictable series comparing MRRP and PIP
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MRRP.
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MRRP

MRRP

PHH: For Profit Physicians Services SOH: For Profit Specialty Outpatient Care b
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Mean Revision Impacts for Random Forest models

Percent Levels ($Mil) Direction

Component 10th Mean Median 90th Mean Median ML Current
PCE 5.59 12.17 13.11 18.33 2054.75 2213.61 100 100
..PCE Services 0.2 10.3 11.78 19.72 1552.69 1775.76 100 100
....Health Care 2.23 11.27 12.64 1899 1442.62 1618 100 100
...l ransportation 291 25.57 26.7 4386 1100.38 1149.29 75 67
....Recreation 4.28 8.47 8.28 12.75 349.73 341.88 92 83
....Education 1.74  3.25 3.11 5.16 17.6 16.83 100 100
....Professional and Other 1.38 4.2 3.72  7.02 77.84 68.89 75 67
....Personal Care and Clothing 21.8 27.37 28.24 31.03 513.85 530.18 92 83
..Social Services and Religious 10.29 14.21 14.7 17.82  155.06 160.42 83 83
....Household Maintenance -24.25 10.94 16.71 34.38 45.49 69.49 100 92
...GO NP Social Services 0.07 0.43 047 0.74 9.37 10.2 33 33

...GO NP Prof Advocacy 26.24 36.99 41.03 478  235.12 260.79 100 100

30
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Nowcasting PCE services with traditional methods .--bea

" |[n a separate project, Baoline Chen and Kyle
Hood use a more traditional nowcasting
approach

= Nowcast PCE services directly (3™ estimate)
= Two algorithms:

(1) Model selection

(2) Model averaging
" Two models:

(1) General bridge equations (BE)

(2) Bridging with factors (BF)

= We look at model root mean square revisions
(RMSR) relative to actual RMSR, in percent
terms, on a held-out validation sample

Bureau of Economic Analysis

Sample Table: Percentage changes in RMSR from bridge equation

and bridging with factor models, professional services (PRS)

PCE
professional ARMSR_BE ARMSR_BF
services ARMSR_BE Model | Outlier Removed | ARMSR_BF Model | Outliers Removed

GAL -48.15
GAH -48.04
AXS -43.62
AXO -59.76
AOO -74.15

Notes: GAL-Legal services; GAH-Private and public legal services; AXS-Nonprofit
professional association services; AXO-Private professional association services;
AOO-AII other organizational services.

Model selection Model averaging
= Of 85 components, 63 show
improvement = Of 85 components, 69 show
= BE outperforms BF in 48/63 (76% improvement
of the time) * RMSR reductions range to 76%

= RMSR reductions range to 74%



Table 2-1

				Estimation Results: M1and M2 (Selected Variables Are Identical in M1 and M2(Outliers removed)

				PCE   GROUP		HLC         CODE		β0		t(β0)		t(β1)		t(β2)		t(β3)		t(β4)		t(α0)		t(α1)		t(α2)		t(α3)		t(α4)		Adj R2		Prob > F		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α0)		p(α0)		v(α1)		p(α1)		v(α2)		p(α2)		v(α3)		p(α3)		v(α4)		p(α4)		v(β0)		p(β0)		Mon_IND		QSS

		M1		SOC		CHS		-0.0025		-0.63														2.37						0.17		0.03																										0.0826		0.03										1.55E-05		0.53		MCHH		QCHS

		M1		HLC		SOH		0.0084		5.68										4.02				-2.81						0.60		0.00																		0.0081		0.00						0.0079		0.01										2.17E-06		0.00		MSOH.M		QSOH.Q

		M1		COM		INT		-0.0022		-0.74		-1.77														3.14				0.30		0.01		0.0315		0.09																										0.0377		0.00						8.35E-06		0.46		MINT.M		QINT.Q

		M1		HLC		NPN		0.0004		0.09		-4.37								1.54				-1.53						0.42		0.00		0.0321		0.00														0.3903		0.14						0.3690		0.14										1.84E-05		0.93		MNPN.M		QNPN.Q

		M1		RCA		VET		0.0016		1.03		-2.70						1.87		9.12				-4.15						0.85		0.00		0.0219		0.01										0.0065		0.08		0.0045		0.00						0.0159		0.00										2.35E-06		0.32		WVET.M		WVET.M

		M1		PRS		THE		0.0054		0.76		7.25		-1.98						2.35		-2.92								0.88		0.00		0.0436		0.00		0.0560		0.06										0.2823		0.03		0.3617		0.01														4.94E-05		0.46		SPOP		SPOP

		M1		PRS		PLX		0.0030		1.83		3.90		-2.57						184.42		-3.91		2.53				2.22		1.00		0.00		0.0508		0.00		0.0076		0.02										0.0000		0.00		0.0511		0.00		0.0079		0.02						0.00		0.04		2.62E-06		0.09		TREND		TREND

		M1		RCA		SPE		-0.0078		-0.65				-2.16				1.86								-2.04				0.44		0.00						0.0504		0.04						0.0481		0.08														0.2926		0.05						1.44E-04		0.52		SPOP		QSPE.Q

		M1		TRSFTR		VMR		-0.0140		-2.40				3.38				-1.63						2.81						0.44		0.00						0.0237		0.00						0.0327		0.12										0.8201		0.01										3.38E-05		0.03		SPOP		QVMR.Q

		M1		PER		RCL		0.0005		0.56		12.72		-6.16		5.85				14.65		-9.12		4.77		-4.27				0.99		0.00		0.0108		0.00		0.0104		0.00		0.0034		0.00						0.0041		0.00		0.0221		0.00		0.0212		0.00		0.0096		0.00						8.00E-07		0.58		SPOP		SPOP

		M2		PRS		OXO		-0.0001		-0.04										8.09		6.38						2.16		0.80		0.00																		0.0088		0.00		0.0060		0.00										0.01		0.04		2.92E-06		0.97		WORX.M		WORX.M

		M2		PER		DMC		0.0002		1.60				-27.90						98.29				24.43						1.00		0.00						0.0000		0.00										0.0001		0.00						0.0000		0.00										1.21E-08		0.12		WDMS.M		WDMS.M

		M2		RCA		MUH		-0.0022		-1.66		-3.97								7.56				-4.28		-3.43				0.82		0.00		0.0656		0.00														0.0099		0.00						0.0292		0.00		0.0145		0.00						1.77E-06		0.11		WMUS.M		WMUS.M

		M2		HLC		PSX		0.0075		2.34		2.50		2.06										2.03						0.54		0.00		0.0188		0.02		0.0297		0.05																		0.1064		0.06										1.04E-05		0.03		SPOP.M		QPSX.Q

		M2		PER		DRY		-0.0097		-1.72				5.61				-4.09								2.08				0.57		0.00						0.0367		0.00						0.0381		0.00														0.6681		0.05						3.19E-05		0.10		SPOP		QDRY.Q

		M2		RCA		RTO		0.0011		1.98		12.06		8.47						18.45						8.07				0.98		0.00		0.0026		0.00		0.0020		0.00										0.0023		0.00										0.0033		0.00						2.94E-07		0.06		SPOP		SPOP

		M2		TRSFTR		MVR		0.0157		2.82		1.77		-2.41		-1.24														0.32		0.01		0.0528		0.09		0.0372		0.03		0.0340		0.23																										3.09E-05		0.01		SPOP		QMVR.Q

		M2		PER		MHS		-0.0001		-0.44		20.74		-7.40		7.13				51.38		-18.55		7.48		-6.26				1.00		0.00		0.0044		0.00		0.0066		0.00		0.0011		0.00						0.0004		0.00		0.0055		0.00		0.0068		0.00		0.0015		0.00						5.67E-08		0.67		SPOP		SPOP

		M2		SOC		SFS		-0.0059		-1.00				2.25		-2.92		-2.04		2.92		3.22						-3.04		0.59		0.00						0.0389		0.04		0.0607		0.01		0.0694		0.06		0.1864		0.01		0.1645		0.01										0.15		0.01		3.53E-05		0.33		MFAH		QSFS

		M2		RCA		VID		0.0005		2.25		23.42		-7.74		10.81		-3.92		131.36				15.43		-9.03		9.88		1.00		0.00		0.0032		0.00		0.0048		0.00		0.0005		0.00		0.0000		0.00		0.0001		0.00						0.0182		0.00		0.0071		0.00		0.00		0.00		4.67E-08		0.04		SPOP		SPOP

				Estimation Results: M1and M2 (Selected Variables Are Identical in M1 and M2(Outliers removed)

		Model		PCE   GROUP		HLC         CODE		β0		β1		β2		β3		β4		α0		α1		α2		α3		α4		Adj R2		Prob > F

		M1		SOC		CHS		-.0025
(-.63)														.6823
(2.37)						0.17		0.03

		M1		HLC		SOH		.0084
(5.68)										.3627
(4.02)				-.2499
(-2.81)						0.60		0.00

		M1		COM		INT		-.0022
(-.74)		-.3138
(-1.77)														.6105
(3.14)				0.30		0.01

		M1		HLC		NPN		.0004
(.09)		-.7829
(-4.37)								.9631
(1.54)				-.9320
(-1.53)						0.42		0.00

		M1		RCA		VET		.0016
(1.03)		-.3988
(-2.70)						.1502
(1.87)		.6139
(9.12)				-.5237
(-4.15)						0.85		0.00

		M1		PRS		THE		.0054
(.76)		1.5126
(7.25)		-.4689
(-1.98)						1.2476
(2.35)		-1.7579
(-2.92)								0.88		0.00

		M1		PRS		PLX		.0030
(1.83)		.8788
(3.90)		-.2249
(-2.57)						1.0122
(184.42)		-.8847
(-3.91)		.2240
(2.53)				.0126
(2.22)		0.99		0.00

		M1		RCA		SPE		-.0078
(-.65)				.4850
(-2.16)				.4077
(1.86)								-1.1055
(-2.04)				0.44		0.00

		M1		TRS		VMR		-0.014
(-2.40)				.5207
(3.38)				-.2946
(-1.63)						2.5468
(2.81)						0.44		0.00

		M1		PER		RCL		.0005
(.56)		1.3219
(12.72)		-.6270
(-6.16)		.3394
(5.85)				.9400
(14.65)		-1.3577
(-9.12)		.6948
(4.77)		-.4183
(-4.27)				0.99		0.00

		M2		PRS		OXO		-.0001
(-.04)										.7588
(8.09)		.4930
(6.38)						.1754
(2.16)		0.80		0.00

		M2		PER		DMC		.0002
(1.60)				-.1129
(-27.90)						.9955
(98.25)				.0991
(24.43)						0.99		0.00

		M2		RCA		MUH		-.0022
(-1.66)		-1.-175
(-3.97)								.7524
(7.56)				-.7320
(-4.28)		-.4141
(-3.43)				0.82		0.00

		M2		HLC		PSX		.0075
(2.34)		.3425
(2.5)		.3543
(2.06)										.6611
(2.03)						0.54		0.00

		M2		PER		DRY		-.0097
(-1.72)				1.0743
(5.61)				-.7989
(-4.09)								1.7019
(2.08)				0.57		0.00

		M2		RCA		RTO		.0011
(1.98)		.6171
(12.06)		.3796
(8.47)						.8861
(18.45)						.4624
(8.07)				0.98		0.00

		M2		TRS		MVR		.0157
(2.82)		.4069
(1.77)		-.4651
(-2.41)		-.2287
(-1.24)														0.32		0.01

		M2		PER		MHS		-.0001
(-.44)		1.3743
(20.74)		-.6002
(-7.40)		.2328
(7.13)				1.0236
(51.38)		-1.3806
(-18.55)		.6172
(7.48)		-.2435
(-.626)				0.99		0.00

		M2		SOC		SFS		..0059
(-1.00)				.4434
(2.25)		-.7202
(-2.92)		-.5370
(-2.04)		1.2611
(2.92)		1.3058
(3.22)						-1.1681
(-3.04)		0.59		0.00

		M2		RCA		VID		.0005
(2.25)		1.3324
(23.42)		-.5372
(-7.74)		.2468
(10.81)		-.0233
(-3.92)		.9774
(131.36)				2.0793
(15.43)		-.7606
(-9.03)		.2360
(9.88)		0.99		0.00
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Table 2-2

				Estimation Results: M1and M2 (Selected Variables Are Different in M1 and M2(Outliers removed)

				PCE   GROUP		HLC         CODE		β0		t(β0)		β1		t(β1)		β2		t(β2)		β3		t(β3)		β4		t(β4)		α0		t(α0)		α1		t(α1)		α2		t(α2)		α3		t(α3)		α4		t(α4)		Adj R2		Prob > F		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α0)		p(α0)		v(α1)		p(α1)		v(α2)		p(α2)		v(α3)		p(α3)		v(α4)		p(α4)		v(β0)		p(β0)		Mon_IND		QSS

		M1		HLC		OPO		0.0029		1.85		0.8994		6.45						0.2205		2.01														0.5115		2.11										0.76		0.00		0.0195		0.00						0.0121		0.06														0.0586		0.05										2.49E-06		0.08		SPOP.M		QOPO.Q

		M1		TRS		PFT		0.0002		0.87		1.4175		24.95		-0.6109		-7.78		0.2171		5.78						1.0010		93.78		-1.4177		-23.38		0.5992		7.57		-0.2196		-6.05						1.00		0.00		0.0032		0.00		0.0062		0.00		0.0014		0.00						0.0001		0.00		0.0037		0.00		0.0063		0.00		0.0013		0.00						6.84E-08		0.40		SPOP		SPOP

		M1		RCA		PIC		0.0001		0.41		1.4022		23.44		-0.6120		-8.07		0.2306		6.87						0.9950		78.35						2.2217		14.04		-0.8236		-7.86		0.2295		6.07		1.00		0.00		0.0036		0.00		0.0057		0.00		0.0011		0.00						0.0002		0.00						0.0250		0.00		0.0110		0.00		0.0014		0.00		8.40E-08		0.68		SPOP		SPOP

		M1		COM		ODS		0.0113		3.39		0.3411		1.79						-0.2403		-2.17		-0.4854		-4.95																		-0.14		-2.73		0.70		0.00		0.0361		0.09						0.0122		0.04		0.0096		0.00																		0.00		0.01		1.10E-05		0.00		SPOP.M		QPST.Q

		M1		PER		DMI		-0.0000		-0.02																		1.0063		16.69																		0.92		0.00																		0.0036		0.00																		3.88E-07		0.98		WDMS.M		WDMS.M

		M1		PER		SCL		0.0000		0.13		1.2630		20.04		-0.5484		-8.56		0.3280		9.54						0.9896		73.04		-1.2615		-19.07		0.5514		8.72		-0.3263		-8.77						1.00		0.00		0.0040		0.00		0.0041		0.00		0.0012		0.00						0.0002		0.00		0.0044		0.00		0.0040		0.00		0.0014		0.00						7.05E-08		0.90		SPOP		SPOP

		M1		SOC		SHO		-0.0048		-0.90																		1.0153		2.66																		0.21		0.01																		0.1452		0.01																		2.83E-05		0.38		WELD		WELD

		M2		HLC		OPO		0.0016		0.83		0.7253		6.58		0.3663		2.32		-0.2075		-1.23																										0.73		0.00		0.0122		0.00		0.0248		0.03		0.0282		0.23																										3.79E-06		0.42		SPOP.M		QOPO.Q

		M2		TRS		PFT		0.0002		0.15		1.0315		16.73														0.9568		11.35		-0.9917		-9.98														0.95		0.00		0.0038		0.00														0.0071		0.00		0.0099		0.00														1.51E-06		0.88		SPOP		SPOP

		M2		RCA		PIC		-0.0001		-0.13		1.0726		14.77		-0.0877		-2.58										0.9720		27.43						1.0101		12.39										0.98		0.00		0.0053		0.00		0.0012		0.02										0.0013		0.00						0.0066		0.00										2.14E-07		0.90		SPOP		SPOP

		M2		COM		ODS		0.0151		7.13										-0.1667		-1.17																										0.02		0.26										0.0204		0.26																										4.46E-06		0.00		SPOP.M		QPST.Q

		M2		PER		DMI		0.0002		1.20						-0.1130		-13.90		0.0165		7.99						0.5897		16.38		0.4813		12.84														0.99		0.00						0.0001		0.00		0.0000		0.00						0.0013		0.00		0.0014		0.00														3.67E-08		0.25		WDMS.M		WDMS.M

		M2		PER		SCL		0.0073		4.41										0.6653		4.62																		-0.7182		-3.47						0.46		0.00										0.0208		0.00																		0.0427		0.00						2.78E-06		0.00		SPOP		SPOP

		M2		SOC		SHO		-0.0000		-0.03		-0.9010		-5.09						0.1567		1.88		-0.1494		-2.51		0.6013		9.92		0.8919		7.54		0.4316		4.68		-0.1119		-1.56						0.95		0.00		0.0313		0.00						0.0069		0.08		0.0035		0.02		0.0037		0.00		0.0140		0.00		0.0085		0.00		0.0052		0.14						7.27E-07		0.98		WELD		WELD



				Table 2-2: In-Sample Estimation of Bridge Equation with or without Outliers Removed (M1, M2)

		(1)		(2)		(3)		(4)		(5)		(6)		(7)		(8)		(9)		(10)		(11)		(12)		(13)		(14)		(15)

		Model		PCE   GROUP		HLC          CODE		β0		β1		β2		β3		β4		α0		α1		α2		α3		α4		Adj R2		Prob > F		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α0)		p(α0)		v(α1)		p(α1)		v(α2)		p(α2)		v(α3)		p(α3)		v(α4)		p(α4)		v(β0)		p(β0)		Mon_IND		QSS

		M1		HLC		OPO		.0029
(1.85)		.8994
(6.45)				.2205
(2.01)								.5115
(2.11)						0.76		0.00		0.0195		0.00						0.0121		0.06														0.0586		0.05										2.49E-06		0.08		SPOP.M		QOPO.Q

		M2		HLC		OPO		.0016
(.83)		.7253
(6.58)		.3663
(2.32)		-.2075
(-1.23)														0.73		0.00		0.0122		0.00		0.0248		0.03		0.0282		0.23																										3.79E-06		0.42		SPOP.M		QOPO.Q

		M1		TRS		PFT		.0002
(.87)		1.5175
(24.95)		-.6109
(-7.78)		.2171
(5.78)				1.0010
(93.78)		-1.4177
(-23.38)		.5992
(7.57)		-.2196
(-6.05)				0.99		0.00		0.0032		0.00		0.0062		0.00		0.0014		0.00						0.0001		0.00		0.0037		0.00		0.0063		0.00		0.0013		0.00						6.84E-08		0.40		SPOP		SPOP

		M2		TRS		PFT		.0002
(.15)		1.0315
(16.73)								.9568
(11.35)		-.9917
(-9.98)								0.95		0.00		0.0038		0.00														0.0071		0.00		0.0099		0.00														1.51E-06		0.88		SPOP		SPOP

		M1		RCA		PIC		.0001
(.41)		1.4022
(23.44)		-.6120
(-8.07)		.2306
(6.87)				.9950
(.78.35)				2.2217
(14.04)		-.8236
(-7.86)		.2295
(6.07)		0.99		0.00		0.0036		0.00		0.0057		0.00		0.0011		0.00						0.0002		0.00						0.0250		0.00		0.0110		0.00		0.0014		0.00		8.40E-08		0.68		SPOP		SPOP

		M2		RCA		PIC		-.0001
(-.13)		1.0726
(14.77)		-.0877
(-2.58)						.9721
(27.43)				1.0101
(12.39)						0.98		0.00		0.0053		0.00		0.0012		0.02										0.0013		0.00						0.0066		0.00										2.14E-07		0.90		SPOP		SPOP

		M1		PER		SCL		.0000
(13)		1.2630
(20.04)		-.5484
(-8.56)		.3280
(9.54)				.9896
(73.04)		-1.2615
(-19.07)		.5514
(8.72)		-.3263
(-8.77)				0.99		0.00		0.0040		0.00		0.0041		0.00		0.0012		0.00						0.0002		0.00		0.0044		0.00		0.0040		0.00		0.0014		0.00						7.05E-08		0.90		SPOP		SPOP

		M2		PER		SCL		.0073
(4.41)						.6653
(4.62)										-.7182
(-3.47)				0.46		0.00										0.0208		0.00																		0.0427		0.00						2.78E-06		0.00		SPOP		SPOP

		M1		SOC		SHO		-0.0048
(.90)										1.0153
(2.66)										0.21		0.01																		0.1452		0.01																		2.83E-05		0.38		WELD		WELD

		M2		SOC		SHO		.0001
(-.03)		-.9010
(-5.09)				.1567
(1.88)		-.1494
(-2.51)		.6013
(9.92)		.8919
(7.54)		.4316
(4.68)		-.1119
(-1.56)				0.95		0.00		0.0313		0.00						0.0069		0.08		0.0035		0.02		0.0037		0.00		0.0140		0.00		0.0085		0.00		0.0052		0.14						7.27E-07		0.98		WELD		WELD
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Table 3-1 

				In-Sample Estimation Results-Factor Model, outliers not removed

		MODEL		P-INDEX		Indicator     Source Data		S_Group		HLC         CODE		β0		t(β0)		β1		t(β1)		β2		t(β2)		β3		t(β3)		β4		t(β4)		α10		t(α10)		α11		t(α11)		α12		t(α12)		α13		t(α13)		α14		t(α14)		α20		t(α20)		α21		t(α21)		α22		t(α22)		α23		t(α23)		α24		t(α24)		AICC		Adj R2		F(df, n)		Prob > F		DF_m		DF_r		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α10)		p(α10)		v(α11)		p(α11)		v(α12)		p(α12)		v(α13)		p(α13)		v(α14)		p(α14)		v(α20)		p(α20)		v(α21)		p(α21)		v(α22)		p(α22)		v(α23)		p(α23)		v(α24)		p(α24)		v(β0)		p(β0)		Mon_IND		QSS

		M3		D1AFF0M		MAFFM		TRSFTR		AFF		0.0146		2.67																		-0.19		-3.51		-0.16		-2.78		-0.22		-3.27										0.1641		2.47																		-29.25		0.44		5.57		0.00		4		19																		0.00		0.00		0.00		0.01		0.00		0.00										0.0044		0.02																		3.02E-05		0.02		MAFF.M (m trend)		QAFF.Q

		M3		D1VET0M		STWE541940M		RCA		VET		0.0123		9.65																																						0.0288		2.36		0.0283		2.39						-0.0222		-2.31						-101.78		0.31		4.43		0.02		3		20																																						0.0001		0.03		0.0001		0.03						0.0001		0.03						1.64E-06		0.00		WVET.M		WVET.M

		M3		D1CEL0M		MCELM		COM		CEL		0.0203		6.02		-0.5415		-3.16																						0.09		2.57														-0.0775		-2.75		0.0415		2.03										-63.82		0.52		7.33		0.00		4		19		0.0293		0.01																						0.00		0.02														0.0008		0.01		0.0004		0.06										1.13E-05		0.00		MCEL.M 		QCEL.Q

		M3		D1TAP0M		SPOPM		PRS		TAP		0.0176		5.79						-0.5617		-3.81										0.07		3.07																																		0.05		2.26		-66.05		0.54		9.85		0.00		3		20						0.0217		0.00										0.00		0.01																																		0.00		0.03		9.22E-06		0.00		SPOP		SPOP

		M3		D1NRS0M		STWE623100M		HLC		FPN		0.0125		3.82						-0.3605		-2.10						-0.3859		-1.77														-0.09		-3.44										-0.0563		-2.47														-69.67		0.40		4.87		0.01		4		19						0.0296		0.05						0.0475		0.09														0.00		0.00										0.0005		0.02														1.08E-05		0.00		MFPN.M		QFPN.Q

		M3		D1MPC0M		SPOPM		PER		MPC		0.0012		0.52		0.9291		5.86						-0.4208		-2.31														-0.08		-2.70																														-70.85		0.59		12.17		0.00		3		20		0.0251		0.00						0.0333		0.03														0.00		0.01																														5.76E-06		0.61		SPOP		QMPC.Q

		M3		D1MHS0M		SPOPM		PER		MHS		0.0022		2.18		0.5131		3.95						0.3218		2.17										0.03		2.90						0.02		2.24																										-121.81		0.81		25.90		0.00		4		19		0.0169		0.00						0.0221		0.04										0.00		0.01						0.00		0.04																										1.02E-06		0.04		SPOP		SPOP

		M3		D1CXO0M		STWE813400M		RCA		CXO		0.0000		0.01		0.9097		3.78		-1.0484		-4.13		0.5560		2.53										-0.14		-3.92																																		-47.41		0.48		6.41		0.00		4		19		0.0581		0.00		0.0644		0.00		0.0481		0.02										0.00		0.00																																		1.48E-05		0.99		MMDH.M		QCXO.Q

		M3		D1DRY0M		SPOPM		PER		DRY		0.0013		0.69		0.3495		1.88		0.6368		2.60						-0.5698		-2.90																																										-83.36		0.56		10.74		0.00		3		20		0.0345		0.07		0.0600		0.02						0.0386		0.01																																										3.37E-06		0.50		SPOP		QDRY.Q

		M3		D1DRY0M		SPOPM		PER		RCL		-0.0013		-2.31		0.4170		4.23						0.4086		3.40		0.2570		2.37														0.02		2.49										0.0197		3.39														-137.96		0.88		35.98		0.00		5		18		0.0097		0.00						0.0144		0.00		0.0118		0.03														0.00		0.02										0.0000		0.00														3.34E-07		0.03		SPOP		SPOP

		M4		D1CTV0M		MCTVM		RCA		CTV		0.0117		6.42																														0.04		1.95		-0.06		-3.14																		0.0367		2.66		-85.51		0.39		5.92		0.00		3		20																														0.00		0.07		0.00		0.01																		0.0002		0.02		3.33E-06		0.00		MCTV.M

Windows User: Windows User:
spop x price		QCTV.Q

		M4		D1CIO0M		STWE813400M		SOC		CIO		0.0091		4.03																						-0.0571		-2.55						-0.07		-2.28														0.0535		2.78						0.0570		3.12		-72.95		0.50		6.77		0.00		4		19																						0.00		0.02						0.00		0.03														0.0004		0.01						0.0003		0.01		5.09E-06		0.00		MCIS		QCIO

		M4		D1HSP0M		STWE622100M		HLC		NPH		0.0172		6.64														-0.4365		-2.86		-0.06		-3.21						-0.07		-2.85																		0.0625		3.91										-78.40		0.48		6.24		0.00		4		19														0.0233		0.01		0.00		0.00						0.00		0.01																		0.0003		0.00										6.69E-06		0.00		MNPH.M		QNPH.Q

		M4		D1NXO0M		STWE622100M		HLC		NXO		0.0071		3.20		-0.6120		-4.43														-0.05		-2.57						-0.09		-3.52										-0.0585		-2.46														0.05		2.61		-74.60		0.61		8.24		0.00		5		18		0.0191		0.00														0.00		0.02						0.00		0.00										0.0006		0.02														0.00		0.02		4.91E-06		0.01		MNXO.M		QNXO.Q

		M4		D1REO1M		SPOPM		SOC		REO		0.0041		2.83		0.4199		2.51																						0.0225		2.15										0.0226		2.50																		-116.77		0.36		5.39		0.01		3		20		0.0281		0.02																						0.00		0.04										0.0001		0.02																		2.14E-06		0.01		SPOP		SPOP

		M4		D1MVR0M		SPOPM		TRSFTR		MVR		0.0115		2.67		0.6197		3.46		-0.5284		-3.24																										0.09		2.75																						-58.58		0.47		7.70		0.00		3		20		0.0321		0.00		0.0266		0.00																										0.00		0.01																						1.84E-05		0.01		SPOP		QMVR.Q

		M4		D1IBU0M		SPOPM		TRSFTR		ORT		0.0167		4.22		0.4410		2.85										-0.4968		-2.38										0.10		3.66										0.0492		2.39																		-75.33		0.43		5.28		0.00		4		19		0.0240		0.01										0.0436		0.03										0.00		0.00										0.0004		0.03																		1.58E-05		0.00		SPOP		QSS

		M4		D1SMO0M		STWE623220M		SOC		SMO		0.0002		0.05		0.3840		2.25										0.3122		1.90																						0.0648		3.05																		-75.04		0.43		6.76		0.00		3		20		0.0291		0.04										0.0269		0.07																						0.0005		0.01																		7.66E-06		0.96		WMEN		WMEN

		M4		D1DMC0M		WDMSM		PER		DMC		0.0024		2.94		0.9018		10.93		-0.0656		-1.91		-0.0709		-6.09																																		0.0012		2.31										-240.26		0.87		38.44		0.00		4		19		0.0068		0.00		0.0012		0.07		0.0001		0.00																																		0.0000		0.03										6.43E-07		0.01		WDMS.M		WDMS.M

		M4		D1MPC0M		SPOPM		PER		LGR		0.0011		0.64		0.3275		2.09		0.7146		3.41						-0.6274		-3.65																																		-0.0306		-2.43						-86.18		0.65		11.55		0.00		4		19		0.0244		0.05		0.0438		0.00						0.0296		0.00																																		0.0002		0.03						2.80E-06		0.53		SPOP		QLGR.Q























				Table 3-1: In-Sampe Estimation of Briding with Factor Model with (M3) and without (M4) outliers

		MODEL		PCE  Group		HLC  CODE		β0		β1		β2		β3		β4		α10		α11		α12		α13		α14		α20		α21		α22		α23		α24		Adj R2		Prob > F		DF_r		DF_m		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α10)		p(α10)		v(α11)		p(α11)		v(α12)		p(α12)		v(α13)		p(α13)		v(α14)		p(α14)		v(α20)		p(α20)		v(α21)		p(α21)		v(α22)		p(α22)		v(α23)		p(α23)		v(α24)		p(α24)		v(β0)		p(β0)		Mon_IND		QSS

		M3		TRSFTR		AFF		.0146
(000)										-.1880
(-3.51)		-.1632
(-2.78)		-.2156
(-3.27)						.1641
(2.47)										0.44		0.00		4		19																		0.00		0.00		0.00		0.01		0.00		0.00										0.0044		0.02																		3.02E-05		0.02		MAFF.M (m trend)		QAFF.Q

		M3		RCA		VET		0.0123
(9.65)																				.0288
(2.36)		.0283
(2.39)				-.0222
(-2.31)				0.31		0.02		3		20																																						0.0001		0.03		0.0001		0.03						0.0001		0.03						1.64E-06		0.00		WVET.M		WVET.M

		M3		COM		CEL		0.0203
(6.02)		-.5415
(-3.16)												.0861
(2.57)								-.0775
(-2.75)		.0415
(2.03)						0.52		0.00		4		19		0.0293		0.01																						0.00		0.02														0.0008		0.01		0.0004		0.06										1.13E-05		0.00		MCEL.M 		QCEL.Q

		M3		PRS		TAP		0.0176
(5.79)				-.5617
(-3.81)						.0702
(3.07)																		.0452
(2.26)		0.54		0.00		3		20						0.0217		0.00										0.00		0.01																																		0.00		0.03		9.22E-06		0.00		SPOP		SPOP

		M3		HLC		FPN		0.0125
(3.82)				-.3605
(-2.10)				-.3859
(-1.77)								-.0898
(-3.44)						-.0563
(-2.47)								0.40		0.01		4		19						0.0296		0.05						0.0475		0.09														0.00		0.00										0.0005		0.02														1.08E-05		0.00		MFPN.M		QFPN.Q

		M3		PER		MPC		0.0012
(.52)		.9291
(5.86)				-.4208
(-2.31)								-.0783
(-2.7)																0.59		0.00		3		20		0.0251		0.00						0.0333		0.03														0.00		0.01																														5.76E-06		0.61		SPOP		QMPC.Q

		M3		PER		MHS		0.0022
(2.18)		.5131
(3.95)				.3218
(2.17)						.02668
(2.90)				.0236
(2.24)														0.81		0.00		4		19		0.0169		0.00						0.0221		0.04										0.00		0.01						0.00		0.04																										1.02E-06		0.04		SPOP		SPOP

		M3		RCA		CXO		0.0001
(.01)		.9097
(3.78)		-1.0484
(-4.13)		.5560
(2.53)						-.1396
(-3.92)																		0.48		0.00		4		19		0.0581		0.00		0.0644		0.00		0.0481		0.02										0.00		0.00																																		1.48E-05		0.99		MMDH.M		QCXO.Q

		M3		PER		DRY		0.0013
(.69)		.3495
(1.88)		.6368
(2.60)				-.5698
(-2.90)																						0.56		0.00		3		20		0.0345		0.07		0.0600		0.02						0.0386		0.01																																										3.37E-06		0.50		SPOP		QDRY.Q

		M3		PER		RCL		-.0013
(-2.31)		.4170
(4.23)				.4086
(3.40)		.2570
(2.37)								.0185
(2.49)						.0197
(3.39)								0.88		0.00		5		18		0.0097		0.00						0.0144		0.00		0.0118		0.03														0.00		0.02										0.0000		0.00														3.34E-07		0.03		SPOP		SPOP

		M4		RCA		CTV		0.0117
(6.42)																.0387
(1.95)		-.0612
(-3.14)										.0370
(2.66)		0.39		0.00		3		20																														0.00		0.07		0.00		0.01																		0.0002		0.02		3.33E-06		0.00		MCTV.M

Windows User: Windows User:
spop x price																																						

Windows User: Windows User:
spop x price		QCTV.Q

		M4		SOC		CIO		0.0091
(4.03)												-.0571
(-2.55)				-.0667
(-2.28)								.0535
(2.78)				.0571
(3.12)		0.50		0.00		4		19																						0.00		0.02						0.00		0.03														0.0004		0.01						0.0003		0.01		5.09E-06		0.00		MCIS		QCIO

		M4		HLC		NPH		0.0172
(6.64)								-.4365
(-2.86)		-.0609
(-3.21)				-.0682
(-2.85)										.0625
(3.91)						0.48		0.00		4		19														0.0233		0.01		0.00		0.00						0.00		0.01																		0.0003		0.00										6.69E-06		0.00		MNPH.M		QNPH.Q

		M4		HLC		NXO		0.0071
(3.20)		-.6120
(-4.43)								-.0510
(-2.57)				-.0881
(-3.52)						-.0585
(-2.46)								.0461
(2.61)		0.61		0.00		5		18		0.0191		0.00														0.00		0.02						0.00		0.00										0.0006		0.02														0.00		0.02		4.91E-06		0.01		MNXO.M		QNXO.Q

		M4		SOC		REO		0.0041
(2.83)		.4200
(2.51)												.0225
(2.15)						.0226
(2.50)										0.36		0.01		3		20		0.0281		0.02																						0.00		0.04										0.0001		0.02																		2.14E-06		0.01		SPOP		SPOP

		M4		TRSFTR		MVR		0.0115
(2.67)		.6197
(3.46)		-.5284
(-3.24)														.0929
(2.75)												0.47		0.00		3		20		0.0321		0.00		0.0266		0.00																										0.00		0.01																						1.84E-05		0.01		SPOP		QMVR.Q

		M4		TRSFTR		ORT		0.0167
(4.22)		.4410
(2.85)						-.4968
(-2.38)						.0967
(3.66)						.04924
(2.39)										0.43		0.00		4		19		0.0240		0.01										0.0436		0.03										0.00		0.00										0.0004		0.03																		1.58E-05		0.00		SPOP		QSS

		M4		SOC		SMO		0.0002
(0.05)		.3840
(2.25)						.3122
(1.90)												.0648
(3.05)										0.43		0.00		3		20		0.0291		0.04										0.0269		0.07																						0.0005		0.01																		7.66E-06		0.96		WMEN		WMEN

		M4		PER		DMC		0.0024
(2.94)		.9018
(10.93)		-.0656
(-1.91)		-.0709
(-6.09)																		.0012
(2.31)						0.87		0.00		4		19		0.0068		0.00		0.0012		0.07		0.0001		0.00																																		0.0000		0.03										6.43E-07		0.01		WDMS.M		WDMS.M

		M4		PER		LGR		0.0011
(064)		.3276
(2.09)		.7146
(3.41)				-.6274
(-3.65)																		-.0306
(-2.43)				0.65		0.00		4		19		0.0244		0.05		0.0438		0.00						0.0296		0.00																																		0.0002		0.03						2.80E-06		0.53		SPOP		QLGR.Q



&F
&A	&P	


&D		




Table 3-2

		Table 3-2: In-Sample Estimation of Bridging with Factor model: Compare with and without Outliers

		MODEL		S_Group		PCE        CODE		β0		t(β0)		β1		t(β1)		β2		t(β2)		β3		t(β3)		β4		t(β4)		α10		t(α10)		α11		t(α11)		α12		t(α12)		α13		t(α13)		α14		t(α14)		α20		t(α20)		α21		t(α21)		α22		t(α22)		α23		t(α23)		α24		t(α24)		Adj R2		Prob > F		DF_m		DF_r		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α10)		p(α10)		v(α11)		p(α11)		v(α12)		p(α12)		v(α13)		p(α13)		v(α14)		p(α14)		v(α20)		p(α20)		v(α21)		p(α21)		v(α22)		p(α22)		v(α23)		p(α23)		v(α24)		p(α24)		v(β0)		p(β0)		Mon_IND		QSS

		M3		COM		LOC		-0.0005		-0.17																																		-0.07		-1.98																						-61.83		0.11		3.93		0.06		1		22																																		0.00		0.06																		9.57E-06		0.87		MLOC.M		QLOC.Q

		M4		COM		LOC		0.0023		1.05																																		-0.07		-2.85														0.0304		1.72						-77.07		0.22		4.28		0.03		2		21																																		0.00		0.01														0.0003		0.10		4.88E-06		0.31		MLOC.M		QLOC.Q

		M3		PRS		GXO		0.0034		1.36		0.5692		1.78																																																						-92.08		0.09		3.18		0.09		1		22		0.1019		0.09																																																		6.23E-06		0.19		SPOP		SPOP

		M4		PRS		GXO		0.0023		2.03		0.4843		3.41																										-0.02		-1.87										-0.0144		-2.02														-127.11		0.40		6.02		0.00		3		20		0.0202		0.00																										0.00		0.08										0.0001		0.06										1.24E-06		0.06		SPOP		SPOP

		M3		SOC		MEH		0.0075		1.47		0.8069		2.36																																																		0.06		1.90		-43.17		0.28		5.55		0.01		2		21		0.1171		0.03																																														0.00		0.07		2.64E-05		0.16		WMEN		WMEN

		M4		SOC		MEH		0.0010		0.42		0.3853		2.51										0.2795		2.36																						0.0589		3.38		0.0334		1.79														-82.61		0.58		8.84		0.00		4		19		0.0236		0.02										0.0140		0.03																						0.0003		0.00		0.0003		0.09										5.73E-06		0.68		WMEN		WMEN

		M3		HLC		HIX		0.0116		3.58						0.7068		3.37						-0.6025		-2.43						0.06		3.58																		-0.0482		-2.65														-92.31		0.35		4.16		0.01		4		19						0.0440		0.00						0.0613		0.02						0.00		0.00																		0.0003		0.02										1.05E-05		0.00		MHIX.M		QHIX.Q

		M4		HLC		HIX		0.0053		1.97		0.8539		4.91						-0.3885		-2.95																																														-103.32		0.51		12.95		0.00		2		21		0.0303		0.00						0.0173		0.01																																										7.38E-06		0.06		MHIX.M		QHIX.Q

		M3		PER		DMI		0.0000		0.08		1.3210		17.32		-0.4085		-7.86		0.0989		4.55		-0.0180		-2.87																																										-256.53		0.93		80.32		0.00		4		19		0.0058		0.00		0.0027		0.00		0.0005		0.00		0.0000		0.01																																						3.97E-07		0.94		WDMS.M		WDMS.M

		M4		PER		DMI		0.0001		0.26		1.2462		19.71		-0.3071		-14.80		0.0425		7.42																																														-265.99		0.95		145.69		0.00		3		20		0.0040		0.00		0.0004		0.00		0.0000		0.00																																										2.96E-07		0.80		WDMS.M		WDMS.M



		Table 3-2: In-Sample Estimation of Bridging with Factor model: Compare with and without Outliers

		MODEL		PCE Group		PCE   CODE		β0		β1		β2		β3		β4		α10		α11		α12		α13		α14		α20		α21		α22		α23		α24		Adj R2		Prob > F		DF_m		DF_r		v(β1)		p(β1)		v(β2)		p(β2)		v(β3)		p(β3)		v(β4)		p(β4)		v(α10)		p(α10)		v(α11)		p(α11)		v(α12)		p(α12)		v(α13)		p(α13)		v(α14)		p(α14)		v(α20)		p(α20)		v(α21)		p(α21)		v(α22)		p(α22)		v(α23)		p(α23)		v(α24)		p(α24)		v(β0)		p(β0)		Mon_IND		QSS

		M3		COM		LOC		-.0005
(-.17)																		-.0669
(-1.98)												-61.83		0.11		3.93		0.06		1		22																																		0.00		0.06																		9.57E-06		0.87		MLOC.M		QLOC.Q

		M4		COM		LOC		.0023
(1.05)																		-.0734
(-2.85)								0.0304
(1.72)				-77.07		0.22		4.28		0.03		2		21																																		0.00		0.01														0.0003		0.10		4.88E-06		0.31		MLOC.M		QLOC.Q

		M3		PRS		GXO		.0034
(1.36)		.5692
(1.78)																												-92.08		0.09		3.18		0.09		1		22		0.1019		0.09																																																		6.23E-06		0.19		SPOP		SPOP

		M4		PRS		GXO		.0023
(2.03)		.4843
(3.41)														-.0152
(-1.87)						-.0144
(-2.02)								-127.11		0.40		6.02		0.00		3		20		0.0202		0.00																										0.00		0.08										0.0001		0.06										1.24E-06		0.06		SPOP		SPOP

		M3		SOC		MEH		.0075
(1.47)		.8069
(2.36)																										.0633
(1.90)		-43.17		0.28		5.55		0.01		2		21		0.1171		0.03																																														0.00		0.07		2.64E-05		0.16		WMEN		WMEN

		M4		SOC		MEH		.0010
(042)		.3853
(2.51)						.2795
(2.36)												.0589
(3.38)		.0334
(1.79)								-82.61		0.58		8.84		0.00		4		19		0.0236		0.02										0.0140		0.03																						0.0003		0.00		0.0003		0.09										5.73E-06		0.68		WMEN		WMEN

		M3		HLC		HIX		0.0116
(3.58)				.7068
(3.37)				-.6025
(-2.43)				.0557
(3.58)										-.0482
(-2.65)								-92.31		0.35		4.16		0.01		4		19						0.0440		0.00						0.0613		0.02						0.00		0.00																		0.0003		0.02										1.05E-05		0.00		MHIX.M		QHIX.Q

		M4		HLC		HIX		.0053
(1.97)		.8539
(4.91)				-.3885
(-2.95)																								-103.32		0.51		12.95		0.00		2		21		0.0303		0.00						0.0173		0.01																																										7.38E-06		0.06		MHIX.M		QHIX.Q

		M3		PER		DMI		0.0000
(.08)		1.3210
(17.32)		-.4085
(-7.86)		.0989
(4.55)		-.0180
(-2.87)																						-256.53		0.93		80.32		0.00		4		19		0.0058		0.00		0.0027		0.00		0.0005		0.00		0.0000		0.01																																						3.97E-07		0.94		WDMS.M		WDMS.M

		M4		PER		DMI		0.0001
(.26)		1.2462
(19.71		-.3071
(-14.80)		.0425
(7.42)																								-265.99		0.95		145.69		0.00		3		20		0.0040		0.00		0.0004		0.00		0.0000		0.00																																										2.96E-07		0.80		WDMS.M		WDMS.M
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Table 4

								     BE 				        BE Outlier Removed										BF 						                 BF Outliers Removed 

		 PCE Group		No. of lags		yt		x0		xt		yt		x0		xt		yt		f10		f1t		f20		f2t		yt		f10		f1t		f20		f2t

				0 (or no x0)		6		13		15		6		13		14				17		13		18		11				17		9		18		9

		HLC		1 (or w/ x0)		9		8		6		9		8		7		15		4		7		3		7		16		4		11		3		10

		21 Obs.		2		5						6						6				1				2		5								1

				3		1																				1						1				1

				4

				0 (or no x0)		10		4		10		9		4		9		7		17		7		13		9		6		16		6		12		7

		TRSFTR		1 (or w/ x0)		5		14		7		5		14		7		7		1		8		5		5		8		2		9		6		7

		18 Obs.		2		2						2				1		4				3				4		4				3				4

				3		1						2				1

				4						1

				0 (or no x0)		4		13		9		3		13		10		5		23		12		20		5		6		22		13		20		7

		RCA		1 (or w/ x0)		9		11		9		11		11		8		16		1		9		4		12		16		2		10		4		11

		24 Obs.		2		8				4		6				3		2				3				7		1				1				6

				3		2				2		3				3		1										1

				4		1						1

				0 (or no x0)		2		5		4		1		5		2		4		6		3		6		2		3		6		1		6		4

		COM		1 (or w/ x0)		3		1		2		3		1		4		2				3				2		3				5				1

		6 Obs.		2		1						1														2										1

				3								1

				4

				0 (or no x0)		5		5		5		7		5		5		2		10		5		10		3		2		10		6		10		5

		PRS		1 (or w/ x0)		5		7		4		3		7		4		10		2		7		2		7		0		2		6		2		5

		12 Obs.		2		2				2		2				2										2										2

				3						1						1

				4

				0 (or no x0)		2		6		3		3		5		4		1		12		6		12		7		1		11		6		12		7

		PERHMM		1 (or w/ x0)		5		6		7		4		7		5		4				4				5		3		1		3				5

		12 Obs.		2		2						1						2				2						3				3

				3		3				2		4				3		5										4

				4																								1

				0 (or no x0)		9		17		8		14		19		12		7		25		12		17		14		12		24		13		21		17

		SOC		1 (or w/ x0)		7		10		12		6		8		11		11		2		12		10		8		10		3		12		6		10

		27 Obs.		2		9				5		6				4		9				3				5		5				2

				3		2				2		1

				4





Table 5-1

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_HLC		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		SOH		27.94		27.94		49.63		49.63

		SPS		-29.11		-29.11		-17.88		-17.88

		SPO		-15.34		-16.61		-0.22		-0.22

		HHH		-3.72		-13.87		4.24		-3.56

		HIX		-9.30		-23.30		-7.13		-22.27

		HOX		-48.66		-48.66		-43.90		-43.90

		NPH		-19.43		-19.43		-10.22		-10.22

		FPH		30.66		30.66		37.01		37.01

		HSO		-9.05		7.66		-6.34		6.41

		NXO		37.30		37.30		84.28		84.28

		NPN		27.91		27.91		76.47		76.47

		FPN		-20.86		-20.86		-8.49		-8.49

		PHH		17.67		-11.76		-22.10		-22.10

		PSX		-51.57		-41.30		-33.18		-37.52

		DEN		33.27		33.27		6.57		6.57

		MLB		-48.95		-48.95		-44.09		-44.09

		OHH		-46.72		-47.77		-35.10		-35.30

		OPS		5.20		-9.65		-20.07		-24.18

		POX		-0.72		1.90		-2.89		-5.87

		OPO		-20.87		-22.00		-11.91		-23.54







																		k
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Table 5-2

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_COM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		CEL		-25.23		-20.70		-20.88		-20.88

		LOC		22.15		29.51		48.76		30.01

		LDT		33.83		25.93		24.87		38.85

		PST		10.20		11.41		20.43		51.15

		ODS		-28.42		-58.37		-28.30		-48.92

		INT		14.09		14.09		9.26		9.26

		PCE_PERHMM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		MSE		-8.35		-8.35		-10.32		-10.32

		FRE		-4.48		-5.40		-1.78		11.75

		ERE		3.82		9.36		23.50		23.50

		BBB		-27.53		-23.47		-14.69		-14.69

		MPC		-38.55		-38.55		8.84		8.84

		DRY		41.63		41.63		30.29		30.29

		LGR		-6.52		-6.52		7.55		7.55

		PCE_PRS		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		GAL		-48.15		-44.36		-27.64		-27.64

		GAH		-48.04		-44.10		-29.49		-29.49

		AXS		-43.62		-10.83		-25.28		-25.28

		AXO		-59.76		-47.08		-44.97		-38.90

		AOO		-74.15		-66.03		-62.21		-68.52







				k
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Table 5-3

		Change in RMSR from Bridge equation model and Bridging with factor Model 

		PCE_RCA		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		MOV		-4.86		-4.86		227.25		227.25

		MXS		-11.21		-14.74		-7.38		-7.38

		MXO		2.14		2.73		-25.12		-25.12

		MDH		0.18		1.19		11.35		21.45

		CXS		-19.08		-18.93		-3.66		-11.59

		CXO		-26.68		-34.08		-4.80		20.88

		ORH		-21.79		-21.79		-11.89		-11.89

		RTS		12.85		12.85		-2.50		-2.50

		LIH		-2.82		-2.82		17.73		17.73

		LXS		14.55		14.55		4.77		4.77

		SPE		8.22		-2.31		3.74		11.60

		CTV		-11.20		-12.96		23.57		21.77

		CAS		-22.92		-22.92		26.20		26.20

		PAR		50.04		31.91		34.51		18.87

		HOL		-5.70		-5.70		22.13		22.13

		LXO		6.07		3.62		19.37		14.72

		PCE_TRSFTR		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		IMT		-5.42		-5.42		-6.98		-6.98

		AFF		-2.79		-4.81		75.30		77.54

		AIT		-0.59		-10.20		-24.45		-36.58

		ALE		-21.43		-21.43		113.60		113.60

		IRR		-7.50		-7.50		219.90		219.90

		TLE		-9.14		-9.14		-6.94		-6.94

		VMR		-5.82		-5.82		11.78		11.78

		MVR		-63.09		-62.83		-58.74		-60.25

		TAX		10.41		14.23		0.25		0.25

		ORT		-33.98		-35.61		-48.18		-40.50

		WAT		-13.89		-20.55		17.59		-5.47

		AFU		-4.47		-4.47		9.67		20.27

		MEF		-7.46		-41.91		66.31		26.36

		EFS		26.46		38.84		58.18		91.21
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Table 5-4

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_SOC		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		SFO		-6.38		-9.49		-22.15		-19.43

		FAH		60.61		66.89		57.87		28.57

		SFS		22.12		22.12		-1.97		-1.97

		CFH		-9.69		-9.69		2.73		2.73

		SOS		-17.14		-17.14		46.49		46.49

		SOO		-7.76		-7.76		-27.95		-27.95

		VOH		65.43		76.85		53.63		53.63

		SVS		-10.68		-13.52		77.64		77.64

		SVO		-5.19		-7.44		69.65		69.65

		CHH		8.52		-8.49		112.37		50.04

		CHS		-49.93		-49.93		-43.71		-43.71

		CHO		0.39		0.39		3.62		3.62

		SAS		62.90		34.66		42.94		7.24

		SAO		75.28		75.28		19.14		21.16

		CIS		45.48		45.48		58.69		58.69

		CIO		79.40		48.45		24.94		3.60

		AOS		-27.76		-27.76		-42.20		-42.20

		GIV		2.73		2.73		-7.28		-7.28

		FXO		-25.37		-16.30		-0.63		-0.27
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Table 6-1

		Table 6-1: Summary of Diebold-Mariano Forecast Accuracy Test Results for PCE Service Components 

		                        		      		   BE Outlier Removed				  BE Outlier Not Removed				   BF Outliers Removed				  BF Outliers Not Removed

		PCE Group		No. of Series		   Series     e2bar<e1bar		   Series     Ho rejected		   Series     e2bar<e1bar		   Series     Ho rejected		   Series     e2 bar<e1bar		   Series     Ho rejected		   Series       e2 bar<e1bar		   Series     Ho rejected

		COM		6		6		2		6		1		6		1		6		1

		HLC		20		18		11		18		10		19		13		19		13

		PER		7		7		4		7		4		7		3		7		4

		PRS		5		5		5		5		5		5		5		5		5

		RCA		16		14		4		15		10		14		6		14		7

		SOC		19		16		5		14		5		18		10		17		8

		TRSFTR		12		12		3		11		3		11		4		11		4

		SUM 		85		78		34		76		38		80		42		79		42

		%				91.76		43.59

Windows User: Windows User:
%Rejection of Ho/no. of e2bae<e1bar.		89.41		50.00

Windows User: Windows User:
%Rejection of Ho/no. of e2bae<e1bar.		94.12		52.50

Windows User: Windows User:
%Rejection of Ho/no. of e2bae<e1bar.
		92.94		53.16

Windows User: Windows User:
%Rejection of Ho/no. of e2bae<e1bar.



								

Windows User: Windows User:
%Rejection of Ho/no. of e2bae<e1bar.		Note: e1bar is the mean of prediction errors using current extrapolation methods; e2bar is the squared one-step-ahead predition errors from

		estimated bridge equation and bridging with factor models. Ho: Predictions from the current extrapolation method and the estimated BE and BF 

		models are equally accuracy, ie., e1bar=e2bar. The results show that even though the one-step-ahead prediction errors of most PCE components

		are smaller than the prediction errors (revisions) using the current extrapolation method, Ho is rejected in about 50% of series where e2bar <

		e1bar.













		If e2bar<e1bar, DMA statistic > 0. If p<.05. then e2bar<e1bar is statistic at .05 significance level. 

		There are 74% ~ 75 series have e2bar<e1bar, and among these about 50% are statistically significant at .05 significance level.
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Table 6-2

		Summary: PT Test Results for Series with Directional Changes by Model



		         GB Model Outliers Note Removed								                GB Model Outliers Removed

		PCE Group		No. Series 		Ho Rejected @.05		Ho Rejected @.1		PCE Group		No. Series 		Ho Rejected @.05		Ho Rejected @.1

		COM		3				2		COM		3				2

		HLC		3						HLC		4

		PER		5		2				PER		5		3

		PRS		6		5		1		PRS		5		4		1

		RCA		21		13		1		RCA		21		13		1

		SOC		18		8		2		SOC		18		10		3

		TRSFTR		12		7		3		TRSFTR		12		7		3

		SUM 		68		35		9		SUM 		68		37		10

		%				51%		13%		%				54%		15%

		         BF Model Outliers Not Removed								            BF Model Outliers Removed

		PCE Group		No. Series 		Ho Rejected @.05		Ho Rejected @.1		PCE Group		No. Series 		Ho Rejected @.05		Ho Rejected @.1

		COM		4		1		1		COM		13		1

		HLC		3		1				HLC		4		1		1

		PER		6		2				PER		6		2

		PRS		8		3		2		PRS		8		3		2

		RCA		21		11		2		RCA		20		11		3

		SOC		14		6		2		SOC		13		6		3

		TRSFTR		11		5		3		TRSFTR		12		7		2

		SUM 		67		29		10		SUM 		76		31		10

		%				43%		15%		%				41%		13%



		Note: Ho is rejected in 58% series at up to 10% significance level.								Note: Ho is rejected in 54% series at up to 10% significance level.

		Note: Ho is rejected in 64% series at up to 10% significance level.								Note: Ho is rejected in 69% series at up to 10% significance level.
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Table 5-1 (2)

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_HLC		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		SOH		-18.54		-18.54		-41.90		-41.90

		SPS		-49.44		-49.44		-54.97		-54.97

		SPO		-42.46		-44.36		-70.36		-70.36

		HHH		-25.45		-28.28		-44.06		-31.31

		HIX		-49.93		-22.21		-61.53		-27.77

		HOX		-42.94		-42.94		-55.71		-55.71

		NPH		-43.59		-43.59		-38.24		-38.24

		FPH		-3.34		-3.34		-19.55		-19.55

		HSO		-17.52		-22.64		-20.73		-13.70

		NXO		36.58		36.58		-10.51		-10.51

		NPN		-5.33		-5.33		6.94		6.94

		FPN		-35.65		-35.65		-47.74		-47.74

		PHH		-45.98		-45.49		-44.86		-44.86

		PSX		-68.05		-64.09		-67.91		-62.27

		DEN		-9.95		-9.95		-24.90		-24.90

		MLB		-46.22		-46.22		-45.79		-45.79

		OHH		-55.18		-57.62		-63.40		-63.91

		OPS		-53.83		-37.73		-56.19		-42.90

		POX		-19.31		-45.10		-49.40		-49.83

		OPO		-48.42		-33.06		-38.54		-54.34







																		k



















&F
&A	&P	


&D &T		




Table 5-2 (2)

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_COM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		CEL		-36.91		-37.59		-51.47		-51.47

		LOC		12.17		-19.19		0.36		-5.67

		LDT		-6.97		-9.58		-25.07		-27.25

		PST		-18.01		-13.77		-47.34		-46.50

		ODS		-53.02		-69.03		-70.82		-65.33

		INT		-25.01		-25.01		-10.73		-10.73

		PCE_PERHMM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		MSE		-47.83		-47.83		-48.38		-48.38

		FRE		9.49		12.52		-20.07		6.16

		ERE		-1.55		0.05		-20.53		-20.53

		BBB		-57.76		-57.30		-39.74		-39.74

		MPC		-42.59		-42.59		-38.14		-38.14

		DRY		-16.80		-16.80		-10.75		-10.75

		LGR		-25.06		-25.06		-29.84		-29.84

		PCE_PRS		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		GAL		-48.15		-48.15		-49.67		-49.67

		GAH		-48.04		-48.04		-46.15		-46.15

		AXS		-43.62		-44.09		-46.98		-46.98

		AXO		-59.76		-55.25		-65.85		-62.62

		AOO		-74.15		-74.43		-79.11		-79.36







				k
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Table 5-3 (2)

		Change in RMSR from Bridge equation model and Bridging with factor Model 

		PCE_RCA		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		MOV		-23.14		-23.14		150.14		150.14

		MXS		-43.44		-43.44		-55.84		-55.84

		MXO		-39.07		-25.09		-64.70		-64.70

		MDH		-32.56		-26.01		-29.40		-25.15

		CXS		-29.18		-24.96		-44.65		-31.10

		CXO		-28.15		-5.14		-44.65		-7.49

		ORH		-24.17		-21.49		-30.72		-27.41

		RTS		-40.00		-40.00		-52.37		-52.37

		LIH		-17.39		-17.39		-31.81		-31.81

		LXS		-5.28		-5.28		-32.65		-32.65

		SPE		-35.89		-22.67		-25.85		-15.77

		CTV		-23.67		-31.02		1.10		-22.18

		CAS		-35.01		-35.01		-5.80		-5.80

		PAR		-9.27		-7.11		-35.44		-30.91

		HOL		-12.59		-12.59		-22.49		-22.49

		LXO		-46.87		-1.46		-37.75		-5.04

		PCE_TRSFTR		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		IMT		-11.01		10.49		-23.33		-23.33

		AFF		-1.20		-13.03		18.97		13.65

		AIT		-4.45		-32.49		-50.92		-56.88

		UST		66.65		-8.34		14.38		14.38

		ALE		-24.53		-29.46		41.77		41.77

		IRR		8.28		-15.26		156.31		156.31

		TLE		-11.42		-54.34		-44.11		-44.11

		VMR		-8.60		-49.05		-44.48		-44.48

		MVR		-60.39		-73.32		-79.88		-80.20

		TAX		2.39		-28.14		-47.07		-47.07

		ORT		-43.12		-70.33		-72.45		-78.52

		WAT		-21.41		-35.33		-36.61		-24.35

		AFU		-5.91		-20.32		-15.95		-32.87

		MEF		3.68		-40.91		-18.23		-27.95

		EFS		37.79		-6.23		-7.80		-34.21
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Table 5-4 (2)

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_SOC		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		SFO		43.26		-39.23		-44.78		-52.18

		FAH		41.75		-3.22		7.86		-11.37

		SFS		17.00		-43.91		-59.91		-59.91

		CFH		-0.10		-18.96		-52.89		-52.89

		SOS		-21.72		-33.87		-59.66		-59.66

		SOO		-9.93		-14.37		-56.21		-56.21

		VOH		75.14		7.79		-33.32		-33.32

		SVS		-3.64		-16.04		-11.57		-11.57

		SVO		-6.63		-12.99		15.73		15.73

		CHH		44.44		-26.33		-28.69		-17.53

		CHS		13.22		-45.81		-36.31		-36.31

		CHO		4.55		-29.99		-19.91		-19.91

		SAS		58.12		1.28		-8.04		-39.17

		SAO		63.01		46.59		-9.67		-10.80

		CIS		40.99		-13.34		-25.46		-25.46

		CIO		20.68		10.83		-25.00		-32.60

		AOS		-28.58		-50.80		-64.73		-64.73

		GIV		1.71		-21.40		-45.27		-45.27

		FXO		-28.89		-44.35		-55.02		-47.60
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Table 5-2 (3)

		Change in RMSR from Bridge equation model and Bridging with factor Model

		PCE_COM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		CEL		-25.23		-20.70		-20.88		-20.88

		LOC		22.15		29.51		48.76		30.01

		LDT		33.83		25.93		24.87		38.85

		PST		10.20		11.41		20.43		51.15

		ODS		-28.42		-58.37		-28.30		-48.92

		INT		14.09		14.09		9.26		9.26

		PCE_PERHMM		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		MSE		-8.35		-8.35		-10.32		-10.32

		FRE		-4.48		-5.40		-1.78		11.75

		ERE		3.82		9.36		23.50		23.50

		BBB		-27.53		-23.47		-14.69		-14.69

		MPC		-38.55		-38.55		8.84		8.84

		DRY		41.63		41.63		30.29		30.29

		LGR		-6.52		-6.52		7.55		7.55

		PCE professional services		∆RMSR_BE Model		∆RMSR_BE        Outlier Removed		∆RMSR_BF Model		∆RMSR_BF            Outliers Removed

		GAL		-48.15		-44.36		-27.64		-27.64

		GAH		-48.04		-44.10		-29.49		-29.49

		AXS		-43.62		-10.83		-25.28		-25.28

		AXO		-59.76		-47.08		-44.97		-38.90

		AOO		-74.15		-66.03		-62.21		-68.52
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