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Abstract 

 

 This project attempts to identify leading indicators of the Erie, PA economy and 

then combine them into an index of leading economic indicators.  A leading indicator is a 

variable or series that usually turns down before an economic contraction and turns up 

before an economic expansion.  A leading index is a combination of leading indicators 

that are each weighted appropriately to enable a more accurate prediction of economic 

activity.  A leading index for the Erie MSA should be able to predict turning points in the 

Erie economy.  Knowing when a turning point may occur allows planning for the coming 

expansion or contraction.   
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FOLLOW THE LEADER: 

CREATING AN INDEX OF LEADING 

ECONOMIC INDICATORS FOR  

THE ERIE MSA 

 
 

I. Introduction 

A good leading index can provide a glimpse into the future of an economy.  The 

U.S. leading index has accurately predicted the last seven recessions in the U.S.  While 

the U.S. leading index can be helpful in forecasting what is going to happen with the Erie 

economy, the index uses factors, such as the money supply (M2), that may not be leading 

indicators of the Erie economy.  Other factors, such as average weekly hours worked in 

manufacturing, may need to be weighted more heavily because Erie has a greater than 

average share of manufacturing activity. 

 A leading index for the Erie area would help local businesses be more competitive 

because they would be able to better plan for fluctuations in economic conditions.  

Should we produce more or less of our product would be a question more easily 

answered if businesses knew they were going to be operating in an expanding or 

contracting economy.   

 This project attempts to find leading indicators that are more relevant to the Erie 

economy.  These indicators will then be used to create an index of leading indicators.  To 

ensure that the index performs accurately, it will be tested against historical data before it 

is branded as a useful predictor of economic expansions and contractions. 
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II. Literature Review 

1. Methods 

 In the past, there have been various attempts to create leading indexes on the 

national, state, and local level.  The following section discusses the different methods 

used to create a leading index for each level. 

 

i. National 

Nationally there have been two significantly different methods used.  The first 

method is used by the Conference Board (CB) to create the Conference Board’s widely 

cited Index of Leading Indicators.  This method was developed by Bry and Boschan 

(1971).  The second method was developed by James H. Stock and Mark W. Watson 

(1989).   

The following are the steps used by the Conference Board to calculate their index 

of leading indicators.1 

 

1.  The one-month change in each series is calculated.  These calculations are 

all represented in percent form.  If the series is already in percentage form 

then simple subtraction is used.  If the series is not in percentage terms, the 

                                                 
1 Additional details provided at Conference Board’s “Business Cycle Indicators” website at 

http://www.globalindicators.org/methodology 
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percentage change is calculated using a symmetric percent change formula 

as seen below.2   

Xt = 200 * (Xt-Xt-1) / (Xt+Xt-1) 

 

2.  The values for each series are standardized.  This is done to prevent the 

more volatile series from having a disproportionate effect on the index.  

Weights are calculated for each series by taking the inverse of the standard 

deviations of the month-to-month percentage changes that were calculated 

in step one.  These weights are then adjusted to sum to one.  The 

previously calculated one-month change for each series is multiplied by its 

corresponding adjusted weight to get an adjusted month-to-month 

percentage change.   

 

3.  Calculate month-to-month growth rate of index.  The adjusted month-to-

month changes are summed across all series for each month to create the 

index’s month-to-month change. 

 

4.  Adjust index to reflect the trend of the coincident index.  An adjustment 

factor is added to the growth rate of the index each month.  The 

adjustment value is calculated by subtracting the average monthly growth 

                                                 
2A good example of the symmetric percent change formula is given by Crane (1993). “Consider a series 

that drops in value from 100 to 90 from one month to the next, and then rises back to 100 the following 

period.  Using standard calculations, there is a (90-100)/100 = -10% change on a base of 100.   When the 

series reverses itself and returns to 100 the next month, there is a (100-90)/90 = 11% increase on a base of 

90.  If, instead, the average base value is used for each calculation, the changes are (90-100)/95 = -10.5% 

and (100-90)/95 = 10.5%, which are symmetric” (280). 
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rate of the leading index from the average monthly growth rate of the 

coincident index. 

 

5.  Index computed using symmetric percent change formula.  The initial 

value of the index is set equal to 100 for the first month of the series (I1 = 

100).  The second month’s value I2 = I1 * (200 + i2) / (200 - i2).  This 

formula is used for each month that values are available.  

 

6.  Index is rebased to average 100 in 1996.  Every value of the index is 

multiplied by 100 and then divided by the twelve-month average of 1996. 

 

 Stock and Watson (SW) developed a new approach to creating a leading index.  

This approach is very statistical in nature and contains computations that are much more 

detailed.  Their leading index is simply a forecast of the future economy.  To prevent 

chaos and confusion a very basic explanation of this method is presented rather than all 

the grueling details. 

 

1.  Create a coincident index.  A coincident index is a measure of the current 

state of the economy.  It is similar to a leading index, but instead of 

leading the economy, it moves with the current state of the economy.3  

This is done using a time series technique known as dynamic factor 

                                                 
3 To demonstrate the difference between a leading index and a coincident index suppose that the economy 

peaks in June according to the number of people employed.  A useful leading index would peak no later 

then April giving a two month lead-time.  A very accurate coincident index would peak at the same time as 

the series that is used to measure the current state of the economy.  In this case, the coincident index should 

peak in June.  
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analysis.  The weights for each of the components are determined within 

the process of calculating the coincident index value.   

 

2.  Combine the coincident index with other leading series to create a leading 

index.  This is done by using the coincident index, as well as values from 

series that typically lead the business cycle, to calculate a six-month 

forecast of the coincident index.  The forecasted values are calculated 

using Vector Auto-regression analysis (VAR).  The forecasted values are 

the leading index.4 

 

ii. State and Local 

 State and local leading indexes tend to use the same two methods (CB and SW) as 

the national indexes, with a few exceptions.    

On the state level about half of the leading indexes created use the SW method, 

including Massachusetts (Clayton-Matthews and Stock 1998), New York (Megna and 

Qiang 2003), Pennsylvania and New Jersey (Crone 2000).  The leading indexes created 

for Texas (Kozlowski 1983), Illinois (Fay 1983), and Pennsylvania (Anderson 1992) all 

use methods similar to the CB.  However, the leading index created for Wisconsin in 

1993 is done differently, using regression, correlation analysis, and averages (Tumpach).   

Local areas seem to favor the CB approach.  Of the seven indexes that were 

reviewed, five used a method similar to the CB.  Again, there was one index created 

using a very different method.  In 1987, a leading index was created for each of Ohio’s 

                                                 
4 An overview of the SW method can be found in Crone (1996).  For the calculations and formulas see 

Stock and Watson (1989). 
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MSAs (Lesage).  Lesage’s approach may be different because it was generalized so the 

same method could be used for each area in the state.  The fact that the SW approach has 

not been used to create a local leading index is surprising.  This may be because the 

method is much more complicated in its calculation or that the method simply does not 

work well for small economic areas.   

 

2. Components 

 The choice of series to use for creating a leading index is very critical.  There 

appears to be no single series that consistently leads any national, state, or local economy.  

For this reason, different series that typically show some type of leading behavior must 

be combined to create a single series that is capable of accurately and consistently 

predicting turning points in an area’s economy.  Some basic categories of series that have 

been used include employment measures, interest rates, construction permits and 

valuation, various indexes, manufacturing data, and other miscellaneous measures. 

 

i. National 

The two leading indexes created for the national economy present two different 

ideas of which series may work the best, as seen in Table 1.  Ten series are used by the 

Conference Board and eight by Stock and Watson.  The CB index uses three measures 

that have to do with manufacturing.  Two of these measures have to do with the number 

of new orders that manufactures receive and the other is a measure of the average weekly 

hours worked in manufacturing.  The CB gives a great deal of weight to the 

manufacturing sector by having three of their ten series from that industry.  The SW 
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approach, however, only contains one measure of the manufacturing industry.  More 

interest rate measures are used in the SW approach than in the CB approach.  Nearly 80% 

of all the indexes that were reviewed at the state and local level included an 

unemployment value or the amount of hours worked in manufacturing as one of the 

series.  However, the SW approach only includes one measure of employment, using the 

amount of part time work in nonagricultural industries.   

A major difference between the two approaches occurs with the coincident index 

that is created for the SW approach.  The CB method does not include their coincident 

index, but the SW method gives a significant amount of weight to their coincident index.  

A review of the series used for the SW coincident index explains some of the 

discrepancies between the series used in the two methods.  The SW coincident index 

contains both employment and manufacturing measures.  If the coincident index contains 

these measures, then it is reasonable to exclude them from the list of series used to 

construct the SW leading index.   

 



 

8 

Table 1: Components and Weights of National Indexes of Leading Indicators 

Series Used Conference Board Stock and Watson*

Average weekly hours, manufacturing 0.1946

Average weekly initial claims for unemployment insurance 0.0268

Part-time work in nonagricultural industries because of lack of full time work X

Change of yield on 10-year Treasury bonds X

Trade weighted nominal exchange rate between U.S. dollar and U.K., West 

Germany, France, Italy, and Japan
X

Spread between interest rates on six-month commercial paper and six-month 

Treasury bills
X

Interest rate spread, 10-year Treasury bonds less federal funds 0.3364 X

Building permits, new private housing units 0.0205 X

Index of coincident indicators X

Index of consumer expectations 0.0193

Stock prices, 500 common stocks 0.0309

Manufacturer's unfilled orders for durable goods in constant dollars X

Manufacturer's new orders, consumer goods and materials 0.0504

Manufacturer's new orders, non-defense capital goods 0.0139

Vendor performance, slower deliveries diffusion index 0.0296

Money supply, M2 0.2775

Sum 1.0000

* Weights are determined within the calculations for the index and are not given by Stock and Watson

- See Appendix I for references  

ii. State 

Table 2 contains the components and weights of state leading indexes.  These 

indexes average about five separate indicators.  This is only about half the number of 

series used to create the leading indexes for the national economy.  The significant drop 

in the number of series used is more than likely due to the simple unavailability of data 

and their timeliness.  Either the data just are not there, or the data are not available on a 

frequent basis (annual vs. monthly), or they have significant time lags in their release.  

Four out of the eight indexes use the average weekly claims for unemployment insurance, 

average weekly hours in manufacturing, or the number of building permits to create their 

indexes.  This suggests that these series are very significant and useful in creating a 

leading index.  The other series used vary from state to state.   

Some states may be more closely tied to the national economy so they include 

series such as the U.S. Index of Leading Indicators.  Others focus more on what affects 

their specific area.  The Texas index created in 1988, for example, uses measures such as 
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real oil prices that represent their large oil industry (Phillips).  Overall, the states use 

measures similar to those used in the national indexes, but some also include series that 

are specific to the type of industries that are prominent in their specific areas.   

Table 2: Components and Weights of State Indexes of Leading Indicators 
IL TX TX PA WI MA PA, NJ NY

1983 1983 1988 1992 1993 1998 2000 2003

Average weekly intial claims for unemployment insurance 6 X X 1.03 0.25 X X X

Average weekly hours, manufacturing 4 X X 1.03 0.25 X

Building permits, new private housing units, state 3 X X X X

Interest rate spread, 10-year Treasury bonds less 1-year 

Treasury notes
3 X X X

U.S. index of leading indicators 3 0.98 0.25 X

State coincident Index 2 X X

State stock market index 2 1.02 X

New business incorporations 2 X X

Vendor delivery performance 1 X X

Average overtime hours in manufacturing 1 X

Total job openings received by public job services office 1 X

Construction employment 1 X

Number of oil well permits issued 1 1

Value of residential contract awards 1 0.25

S&P 500 stock index 1 X

Total deposits at commercial banks (deflated by CPI) 1 X

Index of local help-wanted ads 1 1.05

Consumer confidence in New England 1 X

Motor vehicle sales 1 X

Real retail sales 1 0.97

Real oil prices 1 0.99

Texas weighted real value of the dollar 1 0.92

# of series used 4 5 9 4 5 7 5 4

- See Appendix I for references

# of times 

usedSeries Used

 

iii. Metropolitan Statistical Areas (MSAs)5 

Table 3 contains the components and weights of local leading indexes.  It is 

interesting to note that the average number of series used for the MSA leading indexes 

actually increases from the average number used for state indexes from five to about 

eight.  Since data availability is less of a problem on the state level, this suggests that a 

smaller number of series may be sufficient when creating a state leading index.  MSAs 

are smaller areas and for that reason, a single series in these areas may be more volatile.  

                                                 
5 MSAs are local economies with a large central population and the surrounding counties that have a high 

degree of economic and social integration with the central city.  These areas are defined by the Office of 

Management and Budget (U.S. Bureau of Labor Statistics).  The Erie MSA consists solely of Erie County.  
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By using more series in an MSA leading index, the effects of a single series on the index 

would be reduced.  An MSA index may also need to include series that measure 

economic activity in that specific area as well as activity on the state and national level.  

This is another reason that may explain the need for more series when creating a leading 

index for an MSA.   

 Again, as was found in the state indexes, the average weekly hours spent in 

manufacturing and the average initial claims for unemployment insurance seem to be 

very important leading indicators.  Four of the seven indexes also use the U.S. index of 

leading indicators to tie the local economy to the national economy.  Six of the seven 

indexes use either number or value of housing permits.  The specific measurements used 

for building permits and valuation are not the same series, but this is probably due to the 

availability of data.  Each MSA also uses series that focus on the specific industries in 

their own area.  For example, New Orleans focuses on the oil industry, Ohio on the 

automobile industry, and Erie on manufacturing. 

 Creating a leading index for a metro area may be more complicated than creating 

a state or national index.  The MSA index may need to include measures of local, state, 

and national economic activity.  This can only be done by using various series for each 

level.  The problems of data availability and timeliness also become more of an issue 

when trying to create an index for a smaller region.  Some data that are available on the 

national level are simply not compiled on the state level and some data that are available 

for states are not available for the individual MSAs. 
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Table 3: Components and Weights of Local Indexes of Leading Indicators 
New 

Orleans*

Ohio 

MSAs* Milwaukee Las Vegas Flint, MI* Erie, PA**

Arkansas 

MSAs*

1986 1987 1993 1995 1998 1999 2000

Average weekly hours, manufacturing 5 X X 0.0833 X X

Average weekly initial claims for unemployment insurance, 

state
5 X 0.0833 X X X

Residential building permits 4 0.0833 1 X X

Dollar value of housing permits authorized 4 X 1 X X

U.S. Index of Leading Indicators 4 X 0.0833 X X

Trade weighted nominal exchange rate between U.S. dollar 

and U.K., West Germany, France, Italy, and Japan
2 X 0.0833

Index of local help-wanted ads 2 X 0.0833

Construction employment 1 X

Spread between interest rates on six-month commercial 

paper and six-month Treasury bills
1 0.0833

Mortgage rates 1 X

Prime interest rate 1 X

Interest rate spread, 10-year Treasury bonds less 1-year 

Treasury notes
1 0.0833

Commercial building permits 1 1

Commercial building valuation 1 1

Number of construction contracts 1 X

U.S. Index of Coincident Indicators 1 X

Stock prices, 500 common stocks 1 X

Manufacturer's new orders 1 X

New business incorporations 1 X

Passenger traffic - Bishop Airport 1 X

National domestic sales of automobiles 1 X

Money supply, M2 1 X

Purchasing managers new orders received 1 0.0833

Purchasing managers reported backlog 1 0.0833

Purchasing managers purchased material inventories 1 0.0833

Capital expenditures of purchasing managers 1 0.0833

U.S. GNP 1 X

Well-head crude oil prices 1 X

Six-month crude oil futures prices 1 X

Hughes offshore rig count 1 X

Weekly earnings 1 X

Vehicle production 1 X

Houses sold 1 X

Housing sales volume 1 X

Freight volume-Bishop Airport 1 X

Taxable sales 1 1.1

Air passengers planed and deplaned 1 1

Sales of gasoline 1 1

Gross gaming revenues 1 1.1

Visitor volume 1 1.1

Conventions held attendance 1 1

Conventions booked attendance 1 1

# of series used 10 5 12 11 9 8 6

* Weights are determined within the calculations for the index and are not given.

**Authors tried various combinations of series and weights.

- See Appendix I for references

# of times 

usedSeries Used
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3. Determining Turning Points 

 In order to compare turning points in numerous series to turning points in Erie 

total employment, we need turning point dates for Erie total employment.  To determine 

the turning points in the series we used the same method as the National Bureau of 

Economic Research (NBER) uses to date turning points in the U.S. economy.  This 

method was developed by Gerhard Bry and Charlotte Boschan specifically for the NBER 

(1971).  The basic steps to this method are outlined below.   

 

1. Look for outliers in the series and replace them 

 

2. Determine cycles in 12-month moving average 

A. Identify highest or lowest value within plus or minus 5 months of a turn 

in the moving average 

B. Enforce alternation of peaks and troughs (cannot have peak, and then 

another peak without a trough) 

 

3. Determine peaks and troughs in Spencer curve 

A. Identify highest or lowest value within plus or minus 5 months of a turn 

in the moving average 

B. Enforce minimum cycle length of 15 months by eliminating lower 

peaks and higher troughs or shorter cycles.  

 

4. Determine turns “in short-term moving average of 3 to 6 months, 

depending on months of cyclical dominance” 
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A. Identify highest or lowest value within plus or minus 5 months of 

selected turn in Spencer curve 

 

5. Determine turning points in unsmoothed series 

A. Identify “highest (or lowest) value within plus or minus 4 months, or 

month of cyclical dominance (MCD) term, whichever is larger, of 

selected turn in short-term moving average” 

B. Elimination of turns within 6 months of beginning and end of series 

C. Elimination of peaks (or troughs) at both ends of series which are lower 

(or higher) than values closer to the end 

D. Elimination of cycles whose duration is less than 15 months 

E. Elimination of phases whose duration is less than 5 months 

 

6. Output final turning points 

 

 Dr. Barry Weller of Penn State Erie, The Behrend College programmed these 

criteria into EViews 5.0 so we could easily run many series through the program and 

determine turning points in each series.  To ensure that the program was accurate Dr. 

Weller ran the program using the same data that was used by Bry and Boschan.  The 

program outputted the same values as Bry and Boschan had calculated.  This method 

works well for determining turning points in historical data, but the duration criteria and 

the elimination of any turns in the last six months of the data will not work well for 

determining turning points in an index of leading indicators.  The purpose of calculating a 
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leading index is for its predictive value.  If we must wait six months to decide that there 

is a turn in the leading index, then, by that time, knowing that there is going to be a 

change in economic activity may not be useful.  This issue will have to be addressed 

later, but for now, we will use this method to compare historical turning points.  
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III. Preliminary Analysis 

 Based on the review of previous indexes a list of possible series for the Erie 

leading index is presented below.  An analysis of each series is given along with a 

discussion of why the series should or should not be included in the index.  For each 

series, a set of questions are posed to address the prospect of the series being a leading 

indicator. 

  

 Coincident Indicator 
1. Erie Total Non-farm Employment 

 

 National Measures 

  2. U.S. Index of Leading Indicators 

  3. U.S. Index of Coincident Indicators 

  4. U.S. Average Weekly Initial Claims for Unemployment Insurance 

  5. U.S. Total Employment 

  6. U.S. Housing Permits 

  7. S&P 500 Stock Index 

  8. Real Money Supply (M2) 

  9. U.S. Manufacturer’s New Orders (Consumer and Capital Goods) 

 

 Local Measures 

  10. Erie Average Weekly Hours in Manufacturing 

  11. Erie Manufacturing Employment 

  12. Erie International Airport Enplanements 

  13. Erie Number of Residential Housing Permits 

  14. Erie Average Weekly Initial Claims for Unemployment Insurance 

  15. Erie Index of Local Help Wanted Ads 
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1. U.S. and Erie Total Non-farm Employment 

 The problem of data availability on a local level becomes evident even before we 

start trying to identify leading series.  On the national level, the amount of real gross 

domestic product (GDP) is used as the measure of the current state of the local economy.  

Since GDP is not calculated for metro areas, we must first find a measure of the current 

state of the local economy that is comparable to real GDP.  We first look at Erie total 

employment in non-farm industries as our substitute for GDP.  Employment is used as 

the measure of the current economy for the other leading indexes created for sub-national 

levels and it is a measure that is available on a monthly and timely basis.  Employment is 

a count of the number of jobs being filled and not the number of people employed.  A 

person working two jobs is counted twice according to the criteria used to collect 

employment data.  

We assumed that total employment and GDP move together and that employment 

is a sound substitute for GDP.  The graph below illustrates GDP and employment 

measures dating back to 1959 for the U.S.  The patterns seen in GDP are almost identical 

to the patterns in the employment data.  A look at Graph 1 below reveals that the patterns 

of both series are very similar.  The percentage changes of the series were calculated to 

take a closer look at the series (Graph 2).  By looking at the second graph we can easily 

see that employment and GDP increase and decrease in a very similar pattern.  Using 

employment as a measure of the current state of the Erie economy will work because 

employment and GDP tend to move together through time.  The data on total 

employment on the local level will need to be seasonally adjusted because the Bureau of 
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Labor Statistics only provides the raw data.  The seasonal adjustment was done in 

EViews using the automatic adjustment for additive seasonality.6 

 

Graph 1: U.S. Total Employment and GDP 
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Graph 2: U.S. Total Employment and GDP (Symmetric Percent Change) 
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6 When analyzing seasonal patterns, there are two types of seasonality, additive and multiplicative.  

Additive seasonality means that even if a series is growing over time the seasonal patterns are still the same 

amplitude.  For example, if the trend of a series is increasing by 100 every year, an increase of 20 in the 

series during the first December would be a consistent spike of 20 in every December even if the series is 

increasing over time.  Multiplicative seasonal patterns are proportional to the level of the series.  If the level 

of the series is increasing over time, the amplitude of any seasonal patterns will also increase. 
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 The graphs generated by the turning point program are similar to Graph 3.  The 

gray shaded areas on the graph represent recessions that were found in the series.  These 

shaded areas start where we have determined that there is a peak and they end where 

there is a trough.  For example, this graph has a peak in 1979 and a trough in late 1983 so 

the period between those dates is shaded.  Table 4 shows the dates for each of the peaks 

and troughs found in the series.  In the table, the year is shown first and then the number 

of the month.  Thus, the first peak that is found is in July 1970.  

 

 

Graph 3: Erie Total Employment (SA) 
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Table 4: Erie Total Employment Turning Point Dates 

Peaks

1970M07

1974M10

1979M06

1985M12

1990M12

2000M05

Troughs

1961M04

1971M06

1976M06

1982M12

1986M09

1991M12

2003M07  
 

2. U.S. Index of Leading Indicators 

 

Why does it make good logical and economic sense to use this series?  

 The U.S. index of leading indicators is a combination of series that tend to lead 

the U.S. economy.  By using this series, we incorporate a future measure of the U.S. 

economy into our index.  The state of the U.S. economy affects the Erie economy so we 

use this series as our national driver in combination with other local measures.  

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  

The U.S. index of leading indicators has a positive relationship with Erie total 

employment.  When we see an increasing U.S. economy, we would expect an increase in 

the Erie economy.   
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 Are the data available?  If so, are they available on a timely basis?   

The data are available from the Conference Board on a monthly basis.  The data 

are released the month after the end of the period being measured.  As an example, the 

data for the month of June are available at the end of July. 

  

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data does not need to be adjusted for seasonality or inflation.  The series that 

are used to create the index are adjusted for seasonality and inflation before they are used 

to calculate the index.   

 

How do turning points in this series and those in Erie employment compare?  

 The turning points of the U.S. Index of Leading Indicators and Erie total 

employment can be seen in Table 5 and Table 6.  The turning points were calculated with 

the criteria that a recession or recovery must have durations greater than four months to 

be considered a recession or recovery.7  In Table 6, the duration is required to be greater 

than nine months.  This change was made because of the many false signals given when 

the required duration was only greater than four months.  By increasing the required 

duration of a cycle, we hope to improve the accuracy of our preliminary analysis of the 

series. 

                                                 
7Typically, the duration of a phase is required to be equal to or greater than five months (greater than four 

months).  Later in our analysis of other series, the duration requirement is increased to greater than nine 

months because of the numerous false turning points found with a duration requirement of greater than four 

months.  Duration requirements between greater than four and greater than nine months were not tested.  

Unless otherwise noted in the text, the duration requirement used in all further analysis is greater than four 

months.   
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 The first column of each table contains the peak and trough dates of the series that 

is being tested.  The third column of each table contains the peak and trough dates of Erie 

total employment.  The center column provides a comparison of each series peak and 

trough dates.  In Table 5, the first peak for the U.S. Index of Leading Indicators is 

1966M03 or March 1966.  There is no corresponding peak in Erie employment so the 

peak is designated in the center column as a false signal.  The second peak in the index 

occurs in April 1969.  This peak corresponds to a peak in Erie employment that occurred 

in July 1970.  The months between the peaks in the index and the peaks in employment 

are then shown in the middle column.  In this case, the index peaked fifteen months 

before employment.  Negative values are lead-times meaning the series correctly turned 

before employment.  Thus, negative values are good.  Positive values mean that the series 

was late and turned after employment.  If there is a peak or trough in employment and 

there is no corresponding peak or trough found in the series being analyzed then it is a 

missed peak or trough.  In the case of the U.S. Index of Leading Indicators, Erie 

employment has a peak in December 1985 (1985M12) and there is no corresponding 

peak in the index so it is designated as missed in the center column.   

 The average at the bottom of each section of the tables is an average of the lead 

and lag-times provided in the table.  This average does not take into account false or 

missed peaks or troughs.  It is simply an average of the values provided in the center 

column.  The graphs below each table correspond to the series and turning points 

provided in the tables.  Again, the shaded areas of the graphs are recessions in the 

potential leading indicator.  Thus, the beginning of a gray area corresponds to a peak date 

in the first column of the table above the graph.   
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 Turning points in the U.S. index tend to lead turning points in Erie employment.  

The accuracy of the U.S. index is improved greatly with the longer duration requirement; 

however waiting ten months before calling a turn in the series may be too long.  We use 

the longer duration in our historical analysis to try to get more accurate peak and trough 

dates in the series for our comparisons.  

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 Looking at Table 6, the U.S. index of leading indicators has only missed one 

cycle in Erie employment.  This cycle was the second part of a double dip recession in 

the early 1980s, which is sometimes considered only a single, longer recession rather 

than two shorter recessions.  The average lead-times under both duration criteria for both 

peaks and troughs is twelve months or greater.  In Table 6, the series accurately leads five 

of the past six cycles in Erie total employment.  Five false signals are also given when 

using the duration criteria of greater than four.  These false signals are eliminated when 

using the duration criteria of greater than nine, but as was explained before waiting nine 

months to call a turn is not very useful.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 Cross-correlation analysis tests the relationship between series X at time zero (t0) 

and all periods of series Y.  For example, if Y consistently leads series X by five periods, 

cross-correlation analysis will show a significant relationship between Xt and Yt-5.  Both 

series must be mean stationary (no trend) before this analysis can be done.  A trend can 
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be removed from a series using first differencing.  This is done by subtracting last 

month’s value from this month’s value (X0 - X -1).  The analysis is then performed on the 

first differenced series.  The cross-correlation coefficient can range from +1 to -1, 

indicating a strong direct or a strong inverse relationship. 

 The cross-correlation results for this series are presented in Table 7.  This analysis 

uses a value of Erie employment and compares it to the values of the U.S. index of 

leading indicators.  Each value of Erie employment (X) is compared to all values of the 

U.S. index of leading indicators (Y).  Thus, value X1 is compared to all Y’s then X2 is 

compared to all Y’s etc. until all the values of X have been compared to the Y series.   

 In Table 7 the first value in the Lag column (-0.0301) is the average correlation 

between each X at time zero and Y at time zero.  The second value of the Lag column is 

the average correlation between Xt and Y lagged one period.  The first column, Lag, is a 

basic graph of the significant values in column three (Lag).  The second column (Lead) 

contains a basic graph of the significant values from column four (Lead).  The higher the 

correlation, the more asterisks.  The far right column (Lead) contains the average 

correlation between Xt  and Yt, Yt+1, Yt+2 etc.  For our analysis, these are the results that we 

are interested in looking at.  Say for example that, on average, there is a large correlation 

between Xt and Yt+10.  This means we should expect an average lead-time of ten months.  

In the case of the U.S. ILI series, the largest correlation is found in period seven (0.1692) 

which suggests that, on average, the best lead-time is seven months. 

 Generally, a correlation value of .1692 is considered very low.  However, to put 

the cross-correlation values into perspective, we analyzed the relationship between U.S. 

total employment and two of the more heavily weighted series of the U.S. ILI.  The 
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output from the cross-correlation analysis of these series can be found in Table 78 and 

Table 79.  This gives us a base to which we can compare our cross-correlation results.  

Average weekly hours in manufacturing and M2 are both used in the U.S. ILI so we 

would expect to find high cross-correlation values when these series are compared to 

U.S. total employment.  However, neither of these series shows very high leading 

correlations.  The highest value for average weekly hours in manufacturing, other than at 

period 0, is .1094 and highest lead value for M2 is .1314.  Therefore, for our analysis we 

will consider a value greater than .1 to be of possible significance.  We should be explicit 

in stating that this standard is different from--and less rigorous than--the actual concept of 

statistical significance.  Still, national series with relatively low cross-correlations are 

useful in the national ILI, so we will continue with this analysis." 

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, a trough leading index, or both?  

 If we look at the average lead-times calculated in Table 6, we see that the average 

lead-times were fifteen months.  Why is the cross-correlation lead-time and average lead-

time different?  The average lead-times that were created in the table were based on the 

times that the U.S. index of leading indicators led a turning point.  The average does not 

take into account the relationship between the two series across the entire period.  The 

averages in Table 6 were calculated to give us an idea of the average lead-time at turning 

points.  The cross-correlation analysis may produce a more accurate estimate of an 

average lead-time because it uses all data points and not just peak and trough points.  The 

cross-correlation analysis gives us an idea of whether or not the series we are testing 



 

25 

contains a consistent lead.  In the case of the U.S. index of leading indicators, both the 

cross-correlation analysis and our analysis of the turning points in the series indicate that 

the U.S. index of leading indicators does lead Erie total employment.  There is just a 

discrepancy in the calculated average lead-times.  Therefore, this series should be 

considered for a leading index for both peaks and troughs. 

 

Table 5: U.S. Index of Leading Indicators ( >4 month duration) 

U.S. Index of Leading 

Indicators

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M03 FALSE

1969M04 -15 1970M07

1973M02 -20 1974M10

1978M10 -8 1979M06

1980M10 FALSE

Missed 1985M12

1988M06 FALSE

1990M01 -11 1990M12

1994M10 FALSE

2000M01 -4 2000M05

2002M05 FALSE

2004M05

Avg Lead -12

Troughs

1960M03 -13 1961M04

1967M02 FALSE

1970M04 -14 1971M06

1975M02 -16 1976M06

1980M05 FALSE

1982M03 -9 1982M12

Missed 1986M09

1989M06 FALSE

1991M01 -11 1991M12

1995M05 FALSE

2001M03 FALSE

2002M10 -9 2003M07

Avg Lead -12  
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Graph 4: U.S. Index of Leading Indicators ( >4 month duration) and Erie Total Employment 
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Table 6: U.S. Index of Leading Indicators ( >9 month duration) 

U.S. Index of Leading 

Indicators

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M03 FALSE

1969M04 -15 1970M07

1973M02 -20 1974M10

1978M10 -8 1979M06

Missed 1985M12

1988M06 -30 1990M12

2000M01 -4 2000M05

2004M05

Avg Lead -15

Troughs

1960M03 -13 1961M04

1967M02 FALSE

1970M04 -14 1971M06

1975M02 -16 1976M06

1982M03 -9 1982M12

Missed 1986M09

1991M01 -11 1991M12

2001M03 -28 2003M07

Avg Lead -15  
 

 
Graph 5: U.S. Index of Leading Indicators ( >9 month duration) and Erie Total Employment 
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Table 7: Cross-correlation of U.S. Index of Leading Indicators 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 -0.0301 -0.0301 

          *|.        |           *|.        | 1 -0.1079 -0.0598 

          .|.        |           .|.        | 2 -0.0074 0.0146 

          *|.        |           .|*        | 3 -0.0926 0.0961 

          .|.        |           .|**       | 4 -0.0329 0.1620 

          *|.        |           .|*        | 5 -0.0791 0.0673 

          *|.        |           .|*        | 6 -0.1450 0.1102 

         **|.        |           .|**       | 7 -0.1741 0.1692 

          *|.        |           .|*        | 8 -0.1253 0.0725 

          *|.        |           .|**       | 9 -0.1017 0.1653 

          *|.        |           .|*        | 10 -0.1313 0.0630 

          *|.        |           .|*        | 11 -0.1078 0.0804 

          *|.        |           .|*        | 12 -0.0787 0.0846 
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3. U.S. Index of Coincident Indicators 

 

Why does it make good logical and economic sense to use this series?  

 The index of coincident indicators is used as a measure of the current state of the 

U.S. economy.  It may be the case that, on average, the Erie economy reacts slower than 

the U.S. economy to changes in economic conditions or that change in the U.S. economy 

later affect Erie.  If this were true, the U.S. index of coincident indicators would lead Erie 

total employment. 

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  This series has a positive relationship with employment.  An increase in 

the U.S. index of coincident indicators may signal an increase in Erie total employment. 

 

Are the data available?  If so, are they available on a timely basis?   

 The data are available from the Conference Board on a monthly basis.  The data 

are released the month after the end of the period being measured.  As an example, the 

data for the month of June are available in the middle of July. 

 

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data does not need to be adjusted for seasonality or inflation.  The series that 

are used to create the index are adjusted for seasonality and inflation before they are used 

to calculate the index. 
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How do turning points in this series and those in Erie employment compare?  

 Table 8 shows the turning points of the U.S. index of coincident indicators and 

Erie total employment.  The average peak and trough lead-times for the index are 

negative, but they are relatively small.  This series may be considered for leading only 

troughs and perhaps peaks.  Graph 6 shows both series with the gray areas being 

recessions found in the U.S. index of coincident indicators.  By looking at the graph, we 

see that the movements in these two series are very similar. 

   

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 This series tends to lead both peaks and troughs.  The index series has falsely 

predicted one cycle and missed another complete cycle.  Its track record is much better 

with troughs than with peaks.  The U.S. index of coincident indicators has led 3 peaks, 

missed one, falsely predicted one, and was late twice.  The index performed much better 

when it came to troughs.  It led five troughs, missed one, falsely predicted one, and 

turned at the same time as one.  The index seems to be more promising for leading 

troughs rather than peaks. 

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 In Table 9 the index is best correlated with employment values around the current 

period rather than future or past values.  There is a significant spike around lead-time 

three (.2454), which is a larger value than those found in our analysis of the U.S. ILI.  
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These results suggest that the U.S. index of coincident indicators may be a better leader 

for Erie than the U.S. ILI and that the national economy tends to lead the Erie economy 

by three months.   

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 According to the turning point analysis, the series should be considered for 

leading troughs and perhaps leading peaks.  The cross-correlation results tip the scales so 

this series will be considered for both peak and trough indexes.  

 

Table 8: U.S. Index of Coincident Indicators 

U.S. Index of Coincident 

Indicators Lead (-) or Lag (+) Times Erie Total Employment

Year & Month Months Year & Month

Peaks

1960M04

1969M10 -9 1970M07

1973M11 -11 1974M10

1980M01 7 1979M06

1981M08 FALSE

Missed 1985M12

1990M07 -5 1990M12

2000M09 4 2000M05

Avg Lead -3

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M04 -14 1976M06

1980M07 FALSE

1982M12 0 1982M12

Missed 1986M09

1991M03 -9 1991M12

2003M04 -3 2003M07

Avg Lead -6  
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Graph 6: U.S. Index of Coincident Indicators and Erie Total Employment 
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Table 9: Cross-correlation of U.S. Index of Coincident Indicators 

Lag Lead Pd.  Lag Lead 

          
          .|**       |           .|**       | 0 0.2385 0.2385 

          .|*        |           .|*        | 1 0.1090 0.1124 

          .|**       |           .|**       | 2 0.1562 0.1768 

          .|.        |           .|**       | 3 0.0444 0.2454 

          .|*        |           .|**       | 4 0.1323 0.1625 

          .|*        |           .|**       | 5 0.1152 0.1670 

          .|*        |           .|*        | 6 0.0701 0.1379 

          .|.        |           .|*        | 7 -0.0302 0.1297 

          .|.        |           .|*        | 8 0.0106 0.0846 

          .|.        |           .|*        | 9 -0.0067 0.0836 

          *|.        |           .|*        | 10 -0.0670 0.0723 

          *|.        |           .|*        | 11 -0.0696 0.0834 

          *|.        |           .|*        | 12 -0.0489 0.0936 
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4. U.S. Average Weekly Initial Claims for Unemployment Insurance 

 

Why does it make good logical and economic sense to use this series?  

 This series is used and found to be useful for thirteen of the sixteen leading 

indexes that were researched so we wanted to consider this series for our index.  Initially, 

it seems that this series would be a coincident indicator rather than a leading indicator.  If 

more claims are being made, more people are unemployed.  A person who is unemployed 

would thus be removed from the employment total.  However, there may be a time lag 

between the time a person makes a claim for unemployment insurance and the time that 

they are removed from the employment count.  Thus, the lead-time may be created by the 

promptness with which the data are collected.  The data for initial claims are simply 

collected faster than employment data. 

 

Does the series have a positive or inverse relationship with the economy (total 

employment)? 

 This series has an inverse relationship with employment.  As the number of 

claims increases, it means more people are out of work.  With more people out of work, 

employment numbers fall.  

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from the Conference Board on a monthly basis.  The data 

are released one month after the end of the period being measured. 
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Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The series was tested for seasonality using autocorrelation analysis.  There were 

no significant signs of seasonality so we did not make any seasonal adjustments.  This 

series is a count of claims so it does not need to be adjusted for inflation. 

 

How do turning points in this series and those in Erie employment compare?  

 Just looking at the average lead-times in Table 10, the series seems to be a good 

indicator of employment.  However, the series gives as many false signals as it gives 

accurate signals.  Graph 7 shows the initial claims series and Erie total employment.  In 

this case, the white areas are expected periods of recessions in Erie total employment and 

the shaded areas are expected expansions.  This is opposite from the previous graphs 

because of the inverse relationship between the two series. 

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 This series leads both peaks and troughs, but as mentioned before it gives a 

significant number of false signals.  The average lead-time for peaks is twice the lead-

time for troughs so this may be a better leader of peaks than troughs.  One problem with 

this series is its volatility, which may explain the large number of false signals.  The 

series would probably hinder the accuracy of our index of leading indicators, but the 

large lead-times may increase our average lead-time.  According to the turning point 
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analysis, this series should be considered for both the peak and trough indexes with a 

warning attached about the volatility of the series.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 The first thing we notice about the results in Table 11 is that the lead values are 

negative instead of positive.  This occurs because of the inverse relationship between 

employment and the number of claims for unemployment insurance.  As the number of 

claims increases, the amount of employment is expected to go down.  In this case, we are 

looking for large negative values.  

 The best correlation we find for this series is at three months.  The value is greater 

than .1 so it will be considered a useful possibility.   

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 The turning point analysis suggests that the series provides a large lead-time for 

both peaks and troughs, when it is correct.  The problem is that the series gives as many 

false signals as it gives true signals, most likely due to its volatility.  The cross-

correlation analysis finds the series to be a useful possibility.  We will use this series for 

our first run of both peak and trough indexes.  If volatility seems to be a problem within 

the calculated index, this series will be removed. 
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Table 10: U.S. Average Weekly Initial Claims for Unemployment Insurance 

Initial Claims

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1962M04 FALSE

1966M04 FALSE

1969M05 -14 1970M07

1973M02 -20 1974M10

1976M02 FALSE

1978M04 -14 1979M06

1981M03 FALSE

1984M02 -22 1985M12

1989M01 -23 1990M12

1994M12 FALSE

2000M03 -2 2000M05

2002M07 FALSE

Avg Lead -16

Troughs

1961M02 -2 1961M04

1962M12 FALSE

1967M04 FALSE

1970M10 -8 1971M06

1975M01 -17 1976M06

1977M02 FALSE

1980M05 FALSE

1982M09 -3 1982M12

1985M09 -12 1986M09

1991M03 -9 1991M12

1996M03 FALSE

2001M10 FALSE

2003M04 -3 2003M07

Avg Lead -8  
 

 
Graph 7: U.S. Average Weekly Initial Claims for Unemployment Insurance and Erie Total 

Employment 
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Table 11: Cross-correlation of U.S. Average Weekly Initial Claims for Unemployment Insurance 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 -0.0197 -0.0197 

          .|*        |           .|.        | 1 0.0987 -0.0291 

          *|.        |           *|.        | 2 -0.0624 -0.1399 

          .|.        |          **|.        | 3 0.0460 -0.1826 

          *|.        |           *|.        | 4 -0.0867 -0.0643 

          .|*        |           *|.        | 5 0.0817 -0.0522 

          .|*        |           *|.        | 6 0.0666 -0.1171 

          .|*        |           *|.        | 7 0.1083 -0.0871 

          .|*        |           *|.        | 8 0.0850 -0.0600 

          .|*        |           *|.        | 9 0.0649 -0.0820 

          .|*        |           *|.        | 10 0.0778 -0.0434 

          .|*        |           .|.        | 11 0.0968 0.0099 

          .|.        |           .|.        | 12 0.0345 -0.0407 
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5. U.S. Total Employment 

 

Why does it make good logical and economic sense to use this series?  

 The total employment measure for the U.S. is typically used as a coincident 

indicator of the U.S. economy.  We suspect that it may be a leading indicator for Erie 

because a change in the U.S. economy may signal a later change in the Erie economy.  

Since Erie total employment is part of U.S. total employment, we must assume that a 

change in U.S. total employment is caused by employment changes in other areas.  Thus, 

changes in the Erie economy may happen after changes in the U.S. economy.   

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  This series has a positive relationship with employment.  An increase in 

U.S. total employment would signal an increase in Erie total employment.  

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from the U.S. Bureau of Labor Statistics (BLS) on a 

monthly basis.  The data are released the month after the end of the period being 

measured, the same as the Erie data.  

 

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 Employment data need to be seasonally adjusted because of fluctuations such as 

the boom during the Christmas holiday.  The U.S. data are already seasonally adjusted by 
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the BLS.  This series is measured in number of jobs so it does not need to be adjusted for 

inflation because only data denoted in dollars needs to be adjusted for inflation. 

 

How do turning points in this series and those in Erie employment compare?  

 Table 12 shows the turning points of U.S. total employment and Erie total 

employment.  The average lead-time of U.S. total employment for peaks is a positive 

number meaning that a change in U.S. total employment occurs slightly after a change in 

Erie total employment.  The average lead-time for troughs is negative five, meaning it 

tends to lead Erie troughs by five months.  It is interesting to note that this suggests that 

Erie begins a recession before the U.S. and comes out of the recession after the U.S.  This 

series may be considered for leading only troughs and not peaks. Graph 8 plots the results 

of this series.  The gray areas are recessions found in U.S. total employment. 

   

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 This series tends to lead troughs and lag peaks.  The average lead-times for peaks 

and troughs are provided in Table 12 below.  The series has correctly led three of the six 

peaks in Erie total employment and it has lagged two and missed one.  It has correctly led 

five of the last seven troughs, missed one, and made zero false predictions.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 This series shows similar results as the U.S. index of coincident indicators.  U.S. 

employment has the highest correlation with employment at time 0.  There is also a high 
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correlation at periods three and five.  Compared to most of the values we have seen, .2 is 

on the higher end of the spectrum so we will want to consider this series.   

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 The cross-correlation analysis suggests a possible leading relationship.  The 

turning point analysis suggests using the series as a leader for only troughs.  Considering 

both analysis we will try using U.S. total employment for only our trough index.  

 

Table 12: U.S. Total Employment 
U.S. Total 

Employment

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1960M04

1970M03 -4 1970M07

1974M07 -3 1974M10

1981M07 25 1979M06

Missed 1985M12

1990M06 -6 1990M12

2001M02 9 2000M05

Avg Lead 4

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M04 -14 1976M06

1982M12 0 1982M12

Missed 1986M09

1991M05 -7 1991M12

2003M05 -2 2003M07

Avg Lead -5  
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Graph 8: U.S. Total Employment and Erie Total Employment 
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Table 13: Cross-correlation of U.S. Total Employment 

Lag Lead Pd.  Lag Lead 

          
          .|***      |           .|***      | 0 0.3148 0.3148 

          .|**       |           .|**       | 1 0.1754 0.2114 

          .|**       |           .|**       | 2 0.2281 0.2094 

          .|*        |           .|**       | 3 0.1378 0.2396 

          .|**       |           .|**       | 4 0.1893 0.1869 

          .|**       |           .|**       | 5 0.1789 0.2127 

          .|*        |           .|*        | 6 0.1182 0.1338 

          .|*        |           .|*        | 7 0.0734 0.1021 

          .|*        |           .|*        | 8 0.0886 0.1002 

          .|*        |           .|*        | 9 0.0555 0.1113 

          .|.        |           .|*        | 10 -0.0049 0.0847 

          .|.        |           .|*        | 11 -0.0108 0.0785 

          .|.        |           .|*        | 12 -0.0044 0.0689 
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6. U.S. Housing Permits 

 

Why does it make good logical and economic sense to use this series?  

 The logic of using the number of housing permits is very straightforward.  When 

people get housing permits, it means that they are planning to build in the future.  

Building a house involves many purchases such as materials, labor, furniture, etc.  An 

increase in the number of housing permits means that there is going to be an increased 

demand for other goods and labor in the future.   

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  

The number of housing permits has a positive relationship with employment.  An 

increase in the number of housing permits being issued means that more people are going 

to be needed for the production of materials and construction.  

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from the Conference Board on a monthly basis.  The data 

are released approximately two months after the end of the period being measured.  As an 

example, the data for the month of June are available in August. 
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Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data were seasonally adjusted by the Conference Board.  It is simply a count 

of the number of housing permits issued so it does not need to be adjusted for inflation.  

 

How do turning points in this series and those in Erie employment compare?  

 Table 14 shows the turning points of U.S. housing permits and Erie total 

employment.  Graph 9 corresponds to the dates in the table.  The recessions found in U.S. 

housing permits are the gray areas.  A cycle was missed in the housing permit series 

starting around 1978 that would have led a cycle in the Erie employment series.  The 

turning points in Table 14 were calculated with the criteria that a recession or recovery 

must have durations greater than nine months to be considered an official recession or 

recovery.  This change was done because of the many false signals given when the 

required duration was only greater than four months.  Comparing Graph 9 and Graph 10, 

we can see the difference of using the longer duration criteria.  The change in the 

duration criteria is why the 1978 cycle in housing permits was missed.  

 Turning points in U.S. housing permits tend to lead turning points in Erie 

employment.  The accuracy of the series is improved greatly with the longer duration 

requirement; however waiting ten months before calling a turn in the series may be too 

long.  We use the longer duration in our historical analysis to try to get more accurate 

peak and trough dates in the series for our comparisons.  
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Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 This series leads troughs better than peaks.  It has correctly signaled three of the 

last six peaks with two late and one false signal.  The trough signals are much better with 

six of the last seven troughs signaled correctly, one missed trough, and only two false 

signals.  U.S. housing permits is a series that may be used as a leading indicator for 

troughs, but perhaps not peaks. 

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 The best relationship we find with cross-correlation is at nine months.  This 

longer lead-time does seem to make sense when we consider the time between issuing a 

housing permit and the beginning of construction.  When we look at the lag values, we 

recognize a significant value at lag 8.  However, our focus is on the lead values. 

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 In this case, the cross-correlation analysis suggests a lead of nine months and the 

turning point analysis narrows the decision to using the series only for troughs. 
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Table 14: U.S. Housing Permits ( >9 month duration) 
# of U.S. Housing 

Permits

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1964M02

1969M02 -17 1970M07

1972M12 -22 1974M10

1980M09 15 1979M06

1986M04 4 1985M12

Missed 1990M12

1993M12 FALSE

1998M12 -17 2000M05

Avg Lead -7

Troughs

1960M12 -4 1961M04

1966M11 FALSE

1970M01 -17 1971M06

1975M03 -15 1976M06

1981M10 -14 1982M12

Missed 1986M09

1991M01 -11 1991M12

1995M03 FALSE

2000M07 -36 2003M07

Avg Lead -16  
 

 
Graph 9: U.S. Housing Permits ( >9 month duration) and Erie Total Employment  
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Graph 10: U.S. Housing Permits ( >4 month duration) and Erie Total Employment  
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Table 15: Cross-correlation of U.S. Housing Permits 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 -0.0339 -0.0339 

          *|.        |           .|.        | 1 -0.0854 -0.0339 

          *|.        |           *|.        | 2 -0.0443 -0.0658 

          *|.        |           .|*        | 3 -0.0818 0.0728 

          .|.        |           .|.        | 4 -0.0232 0.0118 

          .|.        |           .|.        | 5 0.0126 -0.0199 

          *|.        |           .|.        | 6 -0.1260 0.0269 

          *|.        |           .|.        | 7 -0.0908 0.0157 

         **|.        |           .|.        | 8 -0.1599 0.0424 

          .|*        |           .|*        | 9 0.0563 0.1311 

          *|.        |           .|.        | 10 -0.0658 0.0305 

          .|.        |           .|.        | 11 -0.0189 0.0010 

          .|.        |           .|*        | 12 0.0384 0.0646 
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7. S&P 500 Stock Index 

 

Why does it make good logical and economic sense to use this series?  

 The U.S. stock market is a very efficient market that reacts almost instantaneously 

to news about anything that may affect the economy.  The S&P 500 stock index is a 

gauge of 500 various stocks traded on the New York Stock Exchange.  This measure 

reacts much faster to changing economic conditions than other economic indicators.  The 

changes reflected in the S&P 500 stock index are caused by what investors feel the 

market is going to be doing in the future.  A rise in the stock index means that people 

expect the future to be good.  A rising stock market means people are investing, spending 

money, and boosting economic activity.  More economic activity means more people are 

needed to work.  

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  

This series has a positive relationship with employment.  A rising S&P 500 is a 

sign of rising economic activity, which would lead to an increase in employment.   

 

 Are the data available?  If so, are they available on a timely basis?   

The value of the S&P 500 stock index is available on a daily basis from numerous 

financial and investment websites that track stock and index prices.  The monthly average 

of the stock index can be found at the Conference Board website at the beginning of the 

month following the month being measured. 
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Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The stock index does not need to be adjusted for seasonality or inflation.  

 

How do turning points in this series and those in Erie employment compare?  

 Table 16 shows the turning points of the S&P 500 and Erie total employment.  

The graph below the table shows recessions, depicted by the light gray bars, found in the 

S&P 500 and a plot of both series.  It is difficult to see peaks and troughs in the S&P 500 

in the earlier years because the value of the index has risen so much over the last decade.  

The turning point in 2000 can be easily seen in both series.  

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 The S&P had three false predictions in the 1960s and it seems to be more accurate 

as time goes on.  Leading peaks looks to be a hit and miss proposition for the S&P.  

Three peaks were correctly predicted, but it was late twice, missed one, and was wrong 

once since the late 1960s.  It does a much more consistent job of leading troughs.  Since 

the late 1960s, it has led five of the six troughs, missed one, and was only wrong once.  

This series may or may not work for predicting peaks, but it would be good for predicting 

troughs.  
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What does cross-correlation analysis suggest about the average lead-time of this series? 

 In Table 17, the best leading relationship we find is five months.  This is not a 

large relationship, but it meets our greater than .1 rule.   

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 The S&P 500 is a hit or miss series.  The turning point analysis shows good 

average lead-times for both peaks and troughs, however, the lead-times vary significantly 

and there are a number of false and missed turns.  Our best results are found comparing 

trough dates.  The five-month lead relationship found in the cross-correlation analysis is 

not large, but it suggests that the series may be useful.  We will try using this series to 

create an index for leading troughs.  
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Table 16: S&P 500 Stock Index 

S&P 500 Stock Index

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1959M07 FALSE

1961M12 FALSE

1966M01 FALSE

1968M12 -19 1970M07

1973M01 -21 1974M10

1976M09 FALSE

1980M11 17 1979M06

1983M10 -26 1985M12

Missed 1990M12

2000M08 3 2000M05

Avg Lead -9

Troughs

1960M10 -6 1961M04

1962M06 FALSE

1966M10 FALSE

1970M06 -12 1971M06

1974M12 -18 1976M06

1978M03 FALSE

1982M07 -5 1982M12

1984M07 -26 1986M09

Missed 1991M12

2003M02 -5 2003M07

Avg Lead -12  
 

 
Graph 11: S&P 500 Stock Index and Erie Total Employment 
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Table 17: Cross-correlation of S&P 500 Stock Index 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 0.0473 0.0473 

          .|.        |           *|.        | 1 0.0167 -0.0828 

          .|*        |           *|.        | 2 0.1160 -0.0654 

          .|*        |           .|.        | 3 0.0827 0.0454 

          .|.        |           .|.        | 4 0.0044 0.0473 

          .|.        |           .|*        | 5 -0.0358 0.1179 

          *|.        |           .|.        | 6 -0.0510 0.0366 

          .|.        |           .|.        | 7 -0.0340 0.0339 

          .|.        |           .|.        | 8 0.0274 -0.0059 

          .|.        |           .|*        | 9 0.0183 0.0964 

          .|.        |           .|*        | 10 -0.0106 0.0518 

          *|.        |           .|.        | 11 -0.0480 0.0372 

          .|.        |           .|.        | 12 -0.0237 0.0431 
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8. Real Money Supply (M2) 

 

Why does it make good logical and economic sense to use this series?  

 The Federal Reserve has a lot of control over the real money supply.  The Fed 

buys and sells bonds to control the federal funds rate and thereby heavily influences other 

interest rates.  When the Fed feels that the federal funds rate needs to be higher, they sell 

bonds and take cash out of the system.  With a decrease in the money supply, money 

becomes more expensive, i.e. interest rates rise.  This is supply and demand in action.  

When the money supply is growing and interest rates are falling, businesses take 

advantage of the lower cost of borrowing money.  A fall in the real money supply causes 

a rise in interest rates and businesses and consumer do not borrow as much money.  The 

decrease in borrowing and spending slows the economy.  Thus, a decrease in the real 

money supply signals a slowing of the economy. 

 “Seasonally adjusted M2 is constructed by summing savings deposits, small-

denomination time deposits, and retail money funds, each seasonally adjusted separately, 

and adding this result to seasonally adjusted M1.  Seasonally adjusted M1 is constructed 

by summing currency, travelers checks, demand deposits, and CDs, each seasonally 

adjusted separately.”  (U.S. Federal Reserve) 
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Does the series have a positive or inverse relationship with the economy (total 

employment)?  

The real money supply (M2) has a positive relationship with employment.  A fall 

in the real money supply causes slower economic growth, which means lower 

employment levels.  

 

 Are the data available?  If so, are they available on a timely basis?   

The data are available from the Federal Reserve on a monthly basis.  The data are 

released one month after the month being measured.  For example the data for June are 

available the beginning of August and preliminary measures could be obtained in July.  

 

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data is already adjusted for seasonality and inflation by the Federal Reserve 

Board.  The real money supply is simply the nominal money supply adjusted for 

inflation.    

 

How do turning points in this series and those in Erie employment compare?  

 Table 18 shows the turning points of the real money supply (M2) and Erie total 

employment.  The graph below the table shows recessions, depicted by the light gray 

bars, found in the real money supply and a plot of both series.  The real money supply 

series turns much earlier than Erie total employment.  
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Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 The real money supply has correctly led four of the last six cycles in Erie 

employment.  The series has missed two cycles and has incorrectly predicted two cycles.  

Average lead-times for both peaks and troughs are large compared to other averages that 

we have seen.  This series would be useful for creating an index to lead both peaks and 

troughs because of such consistently large lead-times.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 There is no lead or lag relationship found between M2 and Erie total employment.  

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 The real money supply has worked well as a leading indicator during the years 

before 1990, but it has only led one cycle correctly in the past 15 years.  The cross-

correlation analysis suggests that there is no relationship between this series and Erie 

employment so we will not use this series for our index.   
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Table 18: Real Money Supply (M2) 
Real Money Supply 

(M2)

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M02 -17 1970M07

1973M01 -21 1974M10

1978M09 -9 1979M06

Missed 1985M12

1988M06 FALSE

1989M12 -12 1990M12

1991M06 FALSE

Missed 2000M05

Avg Lead -15

Troughs

Missed 1961M04

1970M04 -14 1971M06

1975M01 -17 1976M06

1981M02 -22 1982M12

Missed 1986M09

1989M05 FALSE

1990M11 -13 1991M12

1995M04 FALSE

Missed 2003M07

Avg Lead -17  
 

 
Graph 12: Real Money Supply (M2) and Erie Total Employment 
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Table 19: Cross-correlation of the Real Money Supply (M2) 

Lag Lead Pd.  Lag Lead 

          
          *|.        |           *|.        | 0 -0.0521 -0.0521 

          *|.        |           *|.        | 1 -0.1074 -0.0661 

          *|.        |           *|.        | 2 -0.1052 -0.0479 

          *|.        |           .|.        | 3 -0.0904 -0.0390 

          *|.        |           .|.        | 4 -0.0694 0.0355 

          *|.        |           .|*        | 5 -0.0775 0.0609 

          *|.        |           .|*        | 6 -0.1008 0.0562 

          *|.        |           .|.        | 7 -0.0945 0.0205 

          *|.        |           .|*        | 8 -0.1100 0.0593 

          *|.        |           .|.        | 9 -0.0517 0.0401 

          .|.        |           .|*        | 10 -0.0220 0.0735 

          *|.        |           .|.        | 11 -0.0416 0.0346 

          .|.        |           .|.        | 12 -0.0235 0.0410 
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9. U.S. Manufacturer’s New Orders (Consumer and Capital Goods) 

 

Why does it make good logical and economic sense to use this series?  

 The amount of orders for new goods is an indication of the level of production 

that will be taking place in the future.  If manufacturers are ordering more materials, then 

they are going to be making more goods in the future.  In order to increase production, 

they would also need more labor.  Consumer goods and materials are those goods and 

materials that will be ultimately used by the household sector.  Capital goods and 

materials are those goods and materials that will be used by the business sector.  We 

would like to use data on new orders for the local area, but those measures are not 

currently available.  

   

Does the series have a positive or inverse relationship with the economy (total 

employment)?  

Both series have a positive relationship with employment.  An increase in the 

amount of orders today suggests that there will be more produced in the future and that 

more labor will be needed to achieve that higher level of production.  

 

 Are the data available?  If so, are they available on a timely basis?   

The value of U.S. manufacturer’s new orders is available from the Conference 

Board on a monthly basis.  The data are released three months after the end of the period 

being measured. 
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Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data does not need to be adjusted for seasonality.  It does need to be adjusted 

for inflation because it is measured in dollars.  The data for this series are adjusted for 

inflation by the Conference Board.   

 

How do turning points in this series and those in Erie employment compare?  

 Table 20 shows the turning points for U.S. manufacturer’s new orders for 

consumer goods and Table 22 shows the turning points for U.S. manufacturer’s new 

orders for capital goods.  Both series have significant average lead-times.  By comparing 

the average lead-times of both series for peaks and troughs, we see that both series do a 

slightly better job of leading peaks.  Comparing the two series, we see that new orders for 

capital goods has fewer false signals, but shorter lead-times including one lagging peak 

and one lagging trough.  The consumer goods series has just as many false and missed 

signals as it does good signals, which drops that series out of the running.  The capital 

goods series is not fantastic, but it is more dependable than consumer goods so we will 

consider this series for now.   

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 The manufacturer’s new orders for consumer goods series has correctly led five of 

the last six cycles in Erie employment, but it also has four false cycles and one missed 

cycle.  The manufacturer’s new orders for capital goods series has correctly led five of 
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the last six peaks and four of the last six troughs in Erie employment.  It has three false 

cycles and was late for one peak and one trough.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 The cross-correlation found the best lead relationships for consumer goods at 

three and six months.  These values are small, but they do meet our criteria for 

consideration.  The capital goods series has no significant relationship with Erie 

employment. 

 

Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 There does not seem to be a large use for either series.  The cross-correlation 

results of the consumer series suggest a slight chance that the series may be useful, but 

our turning point analysis does not concur with that conclusion.  The turning point 

analysis found a slight chance that capital goods would be useful, but the cross-

correlation analysis suggests there is no statistical significance.  Therefore, neither series 

will be used for our preliminary indexes. 
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Table 20: Manufacturer’s New Orders (Consumer Goods) 

Manufacturer's New 

Orders (Consumer 

Goods)

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M03 FALSE

1969M09 -10 1970M07

1973M03 -19 1974M10

1979M03 -3 1979M06

1980M10 FALSE

Missed 1985M12

1988M12 -24 1990M12

1994M12 FALSE

2000M01 -4 2000M05

2002M07 FALSE

2004M03

Avg Lead -12

Troughs

1961M01 -3 1961M04

1967M03 FALSE

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M10 -2 1982M12

Missed 1986M09

1991M03 -9 1991M12

1995M06 FALSE

2001M09 FALSE

2003M04 -3 2003M07

Avg Lead -7  
 

 
Graph 13: U.S. Manufacturer’s New Orders (Consumer Goods) and Erie Total Employment 
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Table 21: Cross-correlation of Manufacturer’s New Orders (Consumer Goods) 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 0.0098 0.0098 

          .|.        |           .|*        | 1 0.0246 0.0835 

          .|.        |           .|*        | 2 -0.0061 0.0662 

          .|.        |           .|*        | 3 -0.0065 0.1128 

          .|.        |           .|*        | 4 0.0035 0.1013 

          .|*        |           .|.        | 5 0.0700 0.0243 

          .|.        |           .|*        | 6 -0.0399 0.1123 

          *|.        |           .|*        | 7 -0.0859 0.1101 

          *|.        |           .|.        | 8 -0.0828 0.0274 

          .|.        |           .|*        | 9 -0.0207 0.0627 

          *|.        |           .|.        | 10 -0.1213 0.0128 

          .|.        |           .|.        | 11 0.0260 0.0353 

          *|.        |           .|.        | 12 -0.1068 0.0442 
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Table 22: Manufacturer’s New Orders (Capital Goods) 
Manufacturer's New 

Orders (Capital 

Goods)

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M07 FALSE

1969M04 -15 1970M07

1974M03 -7 1974M10

1979M03 -3 1979M06

1984M05 -19 1985M12

1985M12 FALSE

1989M07 -17 1990M12

1997M11 FALSE

2000M06 1 2000M05

Avg Lead -10

Troughs

Missed 1961M04

1967M01 FALSE

1970M10 -8 1971M06

1975M12 -6 1976M06

1983M02 2 1982M12

1984M12 -21 1986M09

1986M08 FALSE

1991M06 -6 1991M12

1998M12 FALSE

Missed 2003M07

Avg Lead -8  
 

 
Graph 14: U.S. Manufacturer’s New Orders (Capital Goods) and Erie Total Employment 
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Table 23: Cross-correlation of Manufacturer’s New Orders (Capital Goods) 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 0.0330 0.0330 

          .|*        |           .|.        | 1 0.0496 0.0231 

          .|.        |           .|*        | 2 0.0088 0.0627 

          .|.        |           .|*        | 3 -0.0066 0.0651 

          .|*        |           .|.        | 4 0.1016 0.0315 

          *|.        |           .|.        | 5 -0.0464 0.0251 

          .|.        |           .|*        | 6 -0.0125 0.0511 

          .|.        |           .|.        | 7 0.0204 0.0041 

          .|.        |           .|.        | 8 0.0136 0.0387 

          .|.        |           .|.        | 9 0.0335 0.0375 

          *|.        |           .|.        | 10 -0.0569 -0.0033 

          .|.        |           .|.        | 11 0.0132 0.0337 

          *|.        |           .|.        | 12 -0.0450 -0.0289 
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10. Erie Average Weekly Hours in Manufacturing 

 

Why does it make good logical and economic sense to use this series?  

 We expect the average number of weekly hours in manufacturing to lead because 

employers will first adjust the number of hours worked before they add or remove people 

from their work force.  By using average weekly hours in manufacturing, we are 

measuring the manufacturer’s most flexible labor input.  When more goods need to be 

produced, the employer first increases the number of hours worked.  The average weekly 

hours will only rise so high before more employees are hired.  If the average weekly 

hours worked is too low, then some employees may be laid off.   

 

Does the series have a positive or inverse relationship with the economy (total 

employment)?  This series has a positive relationship with employment.  An increase in 

average weekly hours worked signals that new employees may be needed in the future to 

increase production.  

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from the Bureau of Labor Statistics on a monthly basis.  

The data are released approximately two months after the end of the period being 

measured.  The data are available under the Standard Industrial Classification (SIC) 

criteria for 1972-2002.  Data are available under The North American Industrial 

Classification System (NAICS) criteria for 2001-2004.  We transitioned from SIC to 

NAICS during 2001 so we would have a complete data series from 1972 to 2004.  We 
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chose to transition during 2001 because both series are very similar during that period so 

converting from one to the other has very little effect on the final series.  During the 

transition period, there is not a peak or trough in the two initial series so we can ensure 

that we do not miss a peak or trough in the final series.8 

The transition begins in January 2001 and finishes in December 2001.  Each 

month less weight is given to the SIC value and more weight is given to the NAICS 

value.  January's value is 11/12 SIC and 1/12 NAICS.  February is 10/12 SIC and 2/12 

NAICS.  This pattern continues until December when the value is 0/12 SIC and 12/12 

NAICS.  Thus, a smooth transition is made from SIC to NAICS.  The transition can be 

seen in Graph 15.  By transitioning over a twelve-month span, we avoid possibly creating 

a peak or trough in the series.  By transitioning to 100% NAICS, we do not have to adjust 

the NAICS values after the transition year and if there is a change in the relationship 

between SIC and NAICS, our data are unaffected.   

 

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 Autocorrelation analysis suggests that there is not a seasonal pattern in the series.9  

This series is measured in hours so it does not need to be adjusted for inflation because 

only data denoted in dollars need to be adjusted for inflation. 

 

                                                 
8 The best time to transition from SIC to NAICS would be between turning points i.e. the mid-90s.  In this 

case, both the SIC and NAICS series were only available for 2001-2002 so we had limited options.  
9 Autocorrelation analysis finds relationships between different points of time in a single series.  Before 

performing this analysis, the trends must be removed from the series.  This is done by subtracting last 

month’s value from this month’s value (t0 - t -1).  If we were to analyze a series such as retail sales, we 

would find a high correlation every twelve months.  A seasonal pattern is a recurring pattern within a year 

and autocorrelation analysis allows us to check for that pattern.  If there is a seasonal pattern in the series 

there will be a high correlation between the series at time t0 and time t -12.   
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How do turning points in this series and those in Erie employment compare?  

 Table 24 and Table 25 show the turning points of average weekly hours in 

manufacturing and Erie total employment.  The graphs below each table correspond to 

the turning points provided in the table.   

 The turning points in Table 24 were calculated with the criteria that a recession or 

recovery must have durations greater than four months to be considered an official 

recession or recovery.  In Table 25, the duration is required to be greater than nine 

months.  This change was made because of the false signals given with the smaller 

required duration of greater than four.   

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 This series does tend to lead.  Given a four-month minimum duration, the series 

has correctly led five peaks and troughs.  It has also had three false cycles.  When the 

required duration of a recession or expansion is increased to greater than nine months, the 

series does not make any false predictions, but the average lead-times are reduced by four 

months.  This series should be considered for both peak and trough indexes.   

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 This series has a significant correlation at a three-month lead, which suggests that 

the series may be useful. 
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Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

Both analyses suggest that this series could be useful for both indexes.  

 

Graph 15: Erie Average Weekly Hours in Manufacturing 
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Table 24: Erie Average Weekly Hours in Manufacturing ( >4 month duration) 
Erie Average Weekly 

Hours in 

Manufacturing

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1973M09 -13 1974M10

1978M09 -9 1979M06

1984M07 -17 1985M12

1985M12 FALSE

1989M11 -13 1990M12

1992M12 FALSE

1994M08 FALSE

1998M12 -17 2000M05

2004M03

Avg Lead -14

Troughs

1972M07 13 1971M06

1976M02 -4 1976M06

1980M08 -28 1982M12

1985M04 -17 1986M09

1987M04 FALSE

1991M04 -8 1991M12

1993M07 FALSE

1995M04 FALSE

2003M01 -6 2003M07

Avg Lead -8  
 

 
Graph 16: Erie Average Weekly Hours in Manufacturing ( >4 month duration) and Erie Total 

Employment 
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Table 25: Erie Average Weekly Hours in Manufacturing ( >9 month duration) 

Erie Average Weekly 

Hours in 

Manufacturing

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1973M09 -13 1974M10

1978M09 -9 1979M06

1985M12 0 1985M12

1989M11 -13 1990M12

1998M12 -17 2000M05

2004M03

Avg Lead -10

Troughs

1972M07 13 1971M06

1976M02 -4 1976M06

1980M08 -28 1982M12

1987M04 7 1986M09

1991M04 -8 1991M12

2003M01 -6 2003M07

Avg Lead -4  
 

 
Graph 17: Erie Average Weekly Hours in Manufacturing ( >9 month duration) and Erie Total 

Employment 
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Table 26: Cross-correlation of Erie Average Weekly Hours in Manufacturing 

Lag Lead Pd.  Lag Lead 

          
          .|*        |           .|*        | 0 0.1106 0.1106 

          .|.        |           .|.        | 1 0.0190 0.0027 

          .|.        |           .|.        | 2 0.0146 -0.0370 

          *|.        |           .|*        | 3 -0.0767 0.1428 

          .|.        |           .|.        | 4 0.0363 -0.0032 

          .|.        |           .|.        | 5 0.0163 -0.0239 

          .|.        |           .|.        | 6 0.0077 0.0330 

          *|.        |           .|.        | 7 -0.1132 0.0162 

          .|.        |           .|.        | 8 0.0133 -0.0099 

          .|.        |           .|.        | 9 -0.0396 0.0327 

          .|*        |           .|.        | 10 0.0677 -0.0190 

          *|.        |           .|.        | 11 -0.0859 -0.0328 

          .|*        |           .|.        | 12 0.1183 0.0194 
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11. Erie Manufacturing Employment 

 

Why does it make good logical and economic sense to use this series?  

 The use of manufacturing employment is based on the idea that the manufacturing 

industry is the first sector to experience a change in economic conditions.  Manufacturing 

employment is part of total employment so an increase in manufacturing employment 

must increase total employment unless other sectors of employment are falling.  Our 

focus here is on the idea that an increase in manufacturing employment signals an 

increase in employment in other sectors, which would be an even greater increase in total 

employment.   

 

Does the series have a positive or inverse relationship with the economy (total 

employment)? 

 The number of people employed in manufacturing has a positive relationship with 

total employment.  Holding employment in other industries constant, an increase in 

manufacturing employment is also an increase in total employment.   

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from the Bureau of Labor Statistics on a monthly basis.  

The data are released approximately two months after the end of the period being 

measured.  The data are available under the Standard Industrial Classification (SIC) 

criteria for 1960-2002.  Data are available under the North American Industrial 

Classification System for 1990-2004.  We transitioned from SIC to NAICS during 2000 
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so we would have a complete data series from 1972 to 2004.  We chose to transition 

during 2000 because both series are so similar that converting from one to the other has 

very little effect on the final series.  We also made sure that neither of the series had 

turning points in them during the transition period.   

The transition begins in January 2000 and finishes in December 2000.  Each 

month less weight is given to the SIC value and more weight is given to the NAICS 

value.  January's value is 11/12 SIC and 1/12 NAICS.  February is 10/12 SIC and 2/12 

NAICS.  This pattern continues until December when the value is 0/12 SIC and 12/12 

NAICS.  Thus, a smooth transition is made from SIC to NAICS.  The transition can be 

seen in Graph 18.  By transitioning over a twelve-month span, we avoid possibly creating 

a peak or trough in the series.  By transitioning to 100% NAICS, we do not have to adjust 

the NAICS values after the transition year and if there is a change in the relationship 

between SIC and NAICS, our data are unaffected.   

 

Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 Manufacturing employment does need to be seasonally adjusted.  It was adjusted 

for multiplicative seasonality using EViews.  This series is a count of jobs so it does not 

need to be adjusted for inflation.   

 

How do turning points in this series and those in Erie employment compare?  

 Table 27 shows the turning points of Erie manufacturing employment and Erie 

total employment.  This series has many false turning points and has performed poorly in 
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the recent past.  It does tend to lead peaks slightly better.  Since there were so many false 

signals, we tried increasing the required minimum phase cycle to greater than nine like 

we did for Erie average hours in manufacturing.  Graph 20 contains the results of 

increasing the duration, but the results are almost identical to the shorter duration that can 

be seen in Graph 19.  We use the shorter minimum phase cycle requirement for the rest of 

our analysis because there is not a significant difference in the results.   

 

Does this series tend to lead?  How many times has the series led correctly?  How many 

false predictions has it made?  

 It has led peaks four times and has three false cycles.  The series does a very poor 

job of leading troughs.  With three false turns and five late turns, it seems to be a better 

coincident indicator for troughs.  Even though the series has not performed well recently, 

we will consider it for a peak leading index.  

 

What does cross-correlation analysis suggest about the average lead-time of this series? 

 This series is very highly correlated at time +1, which suggests that it is a lagging 

indicator.  This matches the lag-times that are seen in the trough turning points of the 

series.  The series also shows a relationship at leads two and four that are slightly 

significant for our analysis.   
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Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 The cross-correlation analysis suggests that there may be a slight leading 

relationship, but there is a strong lagging relationship.  The turning point analysis 

suggests that there is definitely not a leading relationship at troughs and there may be a 

leading relationship with peaks.  The analysis does not make a strong case for this series, 

but we will consider it for peaks since it is one of the better local measures that we have 

available.  

 
Graph 18: Erie Manufacturing Employment 
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Table 27: Erie Manufacturing Employment 

Erie Manufacturing 

Employment (SA)

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M10 FALSE

1970M08 1 1970M07

1974M07 -3 1974M10

1979M11 5 1979M06

1984M10 -14 1985M12

1990M11 -1 1990M12

1993M06 FALSE

1995M09 FALSE

1999M05 -12 2000M05

Avg Lead -4

Troughs

1961M02 -2 1961M04

1968M02 FALSE

1972M01 7 1971M06

1977M01 7 1976M06

1983M01 1 1982M12

1987M04 7 1986M09

1992M01 1 1991M12

1994M05 FALSE

1997M03 FALSE

Missed 2003M07

Avg Lead 3  
 

 
Graph 19: Erie Manufacturing Employment ( >4 month duration) and Erie Total Employment 
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Graph 20: Erie Manufacturing Employment ( >9 month duration) and Erie Total Employment 
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Table 28: Cross-correlation of Erie Manufacturing Employment 

Lag Lead Pd.  Lag Lead 

          
          .|.        |           .|.        | 0 0.0122 0.0122 

          .|*****    |           .|*        | 1 0.4972 0.1480 

          .|*        |           .|.        | 2 0.1013 0.0397 

          .|*        |           .|*        | 3 0.1381 0.1287 

          .|*        |           .|*        | 4 0.1289 0.0530 

          .|.        |           .|*        | 5 -0.0034 0.0700 

          .|*        |           .|.        | 6 0.1014 0.0262 

          .|.        |           .|*        | 7 0.0458 0.0526 

          .|*        |           .|.        | 8 0.0493 0.0192 

          .|*        |           .|.        | 9 0.1281 -0.0119 

          .|.        |           .|.        | 10 0.0354 0.0164 

          .|.        |           .|.        | 11 -0.0076 0.0387 

          .|.        |           .|.        | 12 -0.0060 0.0352 
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12. Erie International Airport Enplanements 

 

Why does it make good logical and economic sense to use this series?  

 This series was one of the many used to create an index of leading indicators for 

Las Vegas (Gazel and Potts 1995).  It was used there because the number of people 

beginning and ending their travels at the Las Vegas airport provides a measure of how 

busy their tourism industry may be.  The series was considered for Erie simply because 

the data were available and the series has been used in other leading indexes.  

 

Does the series have a positive or inverse relationship with the economy (total 

employment)? 

 This series has a positive relationship with employment.  The more people that are 

starting their travels at Erie International Airport suggest that more people were here 

spending their money.  It may be better to use deplanements, the number of people 

ending their travel day in Erie, but the series are very similar and have identical turning 

points.  Graph 21 shows a comparison of both series.  

 

 Are the data available?  If so, are they available on a timely basis?   

 The data are available from Erie International Airport within a few months of the 

period being measured.   
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Do the data need to be adjusted for seasonality or inflation?  If so, why and how was the 

adjustment made?  

 The data need to be seasonally adjusted because of the increase in travel during 

holidays.  The adjustment was made based on an additive seasonal pattern.  It is a count 

of the number of people beginning the travel day at Erie International Airport so it does 

not need to be adjusted for inflation.  

 

How do turning points in this series and those in Erie employment compare?  

 Table 29 shows the turning points of Erie enplanements and Erie total 

employment.  The recessions found in Erie enplanements are the gray areas in the first 

graph.  The turning points for these series are not very comparable.  There are two 

problems with the enplanement series.  The first is the effect that the terrorist attacks of 

September 11, 2001 had on the series.  It is hard to tell if the enplanement series would 

have still called the upturn in Erie employment in 2003 if there had not been such a 

drastic drop in the enplanement series prior to that time.  The other problem is that only 

two recessions have occurred during the data period that the enplanement data covers.  

Since one recession is affected by September 11, that only leaves one recession to 

compare the series.  If we do compare Erie employment with the number of 

enplanements during these two recessions, the enplanement series does not lead any 

peaks, but it does a better job of leading troughs.  This comparison leads us to believe this 

series may be good for leading troughs, but we cannot be certain because of the lack of 

past data.  While this series has been ruled out for the present, it may be a series to 

consider in the future when more data are available.  
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Should this series be considered for inclusion in an index of leading indicators?  If so, for 

a peak leading index, trough leading index, or both?  

 This series should not be used for either index.  

 
Graph 21: Erie International Airport Number of Enplanements and Deplanements 
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Table 29: Erie International Airport Number of Enplanements 

Erie International # of 

Enplanements

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

Missed 1990M12

1991M09 FALSE

2001M05 12 2000M05

Troughs

1990M12 -12 1991M12

2000M12 FALSE

2002M03 -16 2003M07  
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Graph 22: Erie International Airport Number of Enplanements and Erie Total Employment 
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13. Erie Number of Residential Housing Permits 

 

 The U.S. number of housing permits series was useful for predicting troughs in 

Erie employment.  We would like to have used the number of housing permits in Erie 

County as a local driver, but there were two large problems with the series.  The data for 

Erie are only available back to 1995, which only gives us one recession during the time 

span of the series.  By simply looking at the plot of the series in the graph below, we can 

see there was no significant change in the series during the cycle in the early 2000s.  

There is also a large jump in the series beginning in 2004 possibly caused by a policy or 

criteria change for residential housing permits.  Therefore, we will not be considering this 

series for our index.  

 

Graph 23: Erie Number of New Residential Housing Permits 
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14. Erie Average Weekly Initial Claims for Unemployment Insurance 

 

 We have previously discussed the use of this series in the section on the U.S. 

Average Weekly Initial Claims for Unemployment Insurance on page 33.  It may be 

useful to use a measure of initial claims for unemployment insurance on a local level.  

This would provide a measure that is more focused on Erie employment rather than U.S. 

employment.  We would like to have used this series in our analysis, but the data were 

not easily available for the Erie area. 

 

15. Erie Index of Local Help Wanted Ads 

 

 A couple of the leading indexes for smaller areas used this series as part of their 

indexes.  The idea is that more help wanted ads in a local newspaper means more people 

are needed to work.  If more people are needed to work, then employment is going to 

increase as people respond to the ads.  When businesses need more employees, they 

advertise that need.  Eventually the ads are answered and removed from the paper.  A 

reduction in the number of ads may or may not signal a reduction in employment.  A 

falling number of want ads may only signal slower growth of employment and not a 

reduction in employment.  When businesses are thinking of laying workers off, they do 

not put an ad in the local paper asking employees to respond if they would like to be laid 

off.  Therefore, an increase in the number of help wanted ads would signal an increase in 

employment, but this series may not work as well for predicting decreases in 
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employment.  Perhaps it would only signal increases in employment and slower growth 

of employment.  Unfortunately, the data for this series are not currently available for the 

Erie area.  Hannan and Demiral (1992) have done work with help wanted ads in Erie, PA 

and their research may be used as a starting point for collecting and analyzing data for 

Erie in the future.  

 

16. Summary of Preliminary Analysis 

 

Throughout the analysis of the individual series, we found that some series are better 

at leading peaks and some are better at leading troughs.  All of the past indexes that were 

studied used a single index of leading indicators to try to predict both peaks and troughs.  

It seems logical to combine the series that lead troughs better into one index and the 

series that lead peaks better into another index.  This gives us two indexes, one for 

predicting peaks and one for predicting troughs.  Table 30 below summarizes our 

findings about which series would be useful for which index.  We do not have data for 

some of the series, but they may be useful in creating an index of leading indicators. 
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Table 30: Results from Preliminary Analysis of Data Series 
National Measures Peak Leading Index Trough Leading Index

U.S. Index of Leading Indicators X X

U.S. Index of Coincident Indicators X X

U.S. Average Weekly Initial Claims for Unemployment Ins. X X

U.S. Total Employment No X

U.S. Housing Permits No X

S&P 500 No X

Real Money Supply (M2) No No

Manufacturer's New Orders (Consumer Goods) No No

Manufacturer's New Orders (Capital Goods) No No

Local Measures

Average Weekly Hours in Manufacturing X X

Manufacturing Employment X No

Erie International Airport Enplanements No No

Number of Residential Housing Permits No No

Average Weekly Initial Claims for Unemployment Insurance Not Available Not Available

Index of Local Help Wanted Ads Not Available Not Available

Manufacturer's New Orders (Consumer Goods) Not Available Not Available

Manufacturer's New Orders (Capital Goods) Not Available Not Available  
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IV. Creating Indexes 

 

 Before we begin calculating indexes, we need two things.  The first is a method 

for creating the indexes.  The second is series to include in our calculations.  Two of the 

most commonly used methods for creating an ILI, the Bry and Boschan approach, which 

is used by the Conference Board, and the Stock and Watson approach, have been 

thoroughly discussed beginning on page 2.  For our research, we will be using a method 

almost identical to the Conference Board for a few reasons, which are listed below. 

 

 1. Weights are assigned to each series according to the calculations, rather than 

just guessing. 

 2. Adjustments are made for varying amounts of volatility in each series. 

 3. The calculations are fairly simple and easy to replicate.  

 

 The details of our method are listed below.  The one difference is that we will be 

rebasing to 1990 and not 1996.  There a couple more steps laid out in this discussion 

simply because some of the steps are broken down to ensure clarity. 

 

1.  The one-month change in each series is calculated.  These calculations are 

all represented in percent form.  If the series is already in percentage form 

then simple subtraction is used.  If the series is not in percentage terms, the 

percentage change is calculated using a symmetric percent change formula 

as seen below.   
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Xt = 200 * (Xt-Xt-1) / (Xt+Xt-1) 

 

2.  Standardize values for each series.  This is done to prevent the more volatile 

series from having a disproportionate effect on the index.  Weights are 

calculated for each series by taking the inverse of the standard deviations 

of the month-to-month percentage changes that were calculated in step 

one. 

 

3.  Adjust weights to sum to 1.  This is done so the weights are representative of 

100% of the index.  To calculate the adjusted weights we use a basic 

algebraic equation.  The weight of each series (W1, W2, W3, etc.) is 

multiplied by an adjustment value (x) and set equal to one, as seen below.  

By solving for x, we have an adjustment value.  The weight for each series 

is multiplied by the adjustment value to get the adjusted weights.   

 

(W1* x) + (W2* x) + (W3* x)…= 1 

 

4.  Calculate adjusted month-to-month change for each series.  The month-to-

month change calculated in Step 1 is multiplied by its corresponding 

adjusted weight.  This results in an adjusted month-to-month percentage 

change for each series.   
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5.  Calculate total month-to-month growth rate.  The adjusted month-to-month 

changes are summed across all series for each month to create a total one-

month change series.  

 

6.  Adjust index to reflect the trend of Erie total employment.  An adjustment 

factor is added or subtracted from the growth rate of the index each month.  

The adjustment value is calculated by subtracting the average monthly 

growth rate of the leading index from the average monthly growth rate of 

Erie total employment (SA).  If the index’s growth rate is greater than Erie 

total employment’s then the adjustment value is subtracted from the index.  

If the index’s growth rate is less than Erie total employment’s then the 

adjustment value is added to the index.  The effects of this adjustment are 

shown in Graph 24. 

 

Graph 24: Adjusted vs. Non-Adjusted Index and Erie Total Employment 
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7.  Index computed using symmetric percent change formula.  The first value 

of the adjusted total one month change series is set equal to 100 (I1 = 100).  

The second month’s value (It) is calculated using the formula below where 

It-1 is the previous month’s index value and it is the total one-month 

change value for the month being calculated.  This calculation is done for 

each month that a total one-month change value is available. 

 

It = It-1 * (200 + it) / (200 – it) 

 

8.  Index is rebased to average 100 in 1990.  Every value of the index is 

multiplied by 100 and then divided by the twelve-month average of 1990. 

 

 We have also done an analysis of various series and have come up with a list of 

series, which is provided in Table 30, to include in our calculations.  Having both the data 

and the method, we are ready to begin calculating leading indexes.  Our first model will 

include all series that were considered for either a peak or a trough index.   

 For each model that is tested, we will provide a table of the series included in the 

model with their corresponding weights.  We will then perform the same turning point 

and cross-correlation analysis that we did during the preliminary analysis.  In the turning 

point analysis, we will be looking for a small number of missed and false turns and a 

consistent lead-time.  In order to decide what kind of values we should look for in the 

cross-correlation analysis, we performed an analysis between the U.S. ILI and U.S. total 
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employment.  Table 31 contains the results of this analysis.  We see that the best 

correlation value was .2769 at lead period four.  Many of the other lead-time correlations 

are greater than .2 so we will consider .2 to be the minimum requirement before an index 

is considered to have a possibly useful leading relationship.   

 
Table 31: Cross-correlation of U.S. Index of Leading Indicators and U.S. Total Employment 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.1651 0.1651 

          *|.        |           .|*        | 1 -0.0703 0.1335 

          *|.        |           .|**       | 2 -0.1428 0.2323 

          *|.        |           .|***      | 3 -0.1367 0.2627 

         **|.        |           .|***      | 4 -0.1902 0.2769 

         **|.        |           .|**       | 5 -0.1544 0.1937 

         **|.        |           .|**       | 6 -0.1501 0.2444 

         **|.        |           .|**       | 7 -0.1615 0.2203 

         **|.        |           .|**       | 8 -0.2083 0.2372 

         **|.        |           .|**       | 9 -0.2332 0.2495 

         **|.        |           .|**       | 10 -0.2347 0.2448 

         **|.        |           .|**       | 11 -0.1888 0.2407 

         **|.        |           .|**       | 12 -0.1920 0.2171 
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1. Model 1: All Series 

 

Table 32: Model 1 Weights 

Series Included Weights

U.S. Total Employment 0.455

U.S. Index of Coincident Indicators 0.235

U.S. Index of Leading Indicators 0.171

Erie Manufacturing Employment 0.052

Erie Average Weekly Hours in Manufacturing 0.035

S&P 500 0.019

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.016

U.S. Housing Permits 0.015

Sum 1.000  
 

What does turning point analysis suggest about the index? 

 Overall, this model does an okay job of leading turning points.  It is more accurate 

with troughs than it is with peaks.  The cycle that the series missed in the mid 80s was the 

shortest recession in Erie, lasting only 9 months.  If we look at Graph 25, we see that the 

index did indeed fall during that period, but the duration of the drop in the index was not 

significant enough to register as a turning point.  With peaks, the index only leads 50% of 

the time that it catches a turn.  The results for troughs are more promising with an 

average lead-time of six months.  It would probably be more reasonable to expect an 

average lead-time of three to four months, since that has been the case since 1980.  This 

model could be a reasonable indicator for troughs, but it does not work well for peaks.  

 

What does cross-correlation suggest about the index?  

 The cross-correlation results in Table 34 show a significant relationship (>.2) at 

lead three.  This coincides with the assumption that we should expect about a three-

month lead-time for troughs.   
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Graph 25: Model 1 and Erie Total Employment 
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Table 33: Model 1 Turning Points 

Model 1

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1973M11 -11 1974M10

1979M09 3 1979M06

Missed 1985M12

1990M01 -11 1990M12

2000M08 3 2000M05

Avg Lead -6

Troughs

1975M03 -15 1976M06

1982M08 -4 1982M12

Missed 1986M09

1991M12 0 1991M12

2003M04 -3 2003M07

Avg Lead -6  
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Table 34: Cross-correlation of Model 1 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1370 0.1370 

          .|**       |           .|*        | 1 0.1753 0.0821 

          .|*        |           .|*        | 2 0.1240 0.0505 

          .|.        |           .|**       | 3 0.0319 0.2309 

          .|*        |           .|**       | 4 0.0742 0.1792 

          .|*        |           .|**       | 5 0.0672 0.1692 

          .|.        |           .|**       | 6 0.0034 0.1620 

          *|.        |           .|*        | 7 -0.0769 0.1380 

          *|.        |           .|*        | 8 -0.0514 0.0842 

          .|.        |           .|**       | 9 0.0186 0.1807 

          *|.        |           .|*        | 10 -0.0484 0.0936 

          *|.        |           .|*        | 11 -0.0920 0.0981 

          .|.        |           .|*        | 12 -0.0091 0.1368 
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2. Model 2: All Peak Series 

 

Table 35: Model 2 Weights 

Series Included Weights

U.S. Index of Coincident Indicators 0.460

U.S. Index of Leading Indicators 0.336

Erie Manufacturing Employment 0.102

Erie Average Weekly Hours in Manufacturing 0.069

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.032

Sum 1.000  
 

What does turning point analysis suggest about the index? 

 The turning point results for model 2 are better for leading peaks and worse for 

leading troughs compared to model 1.  We expect this because the purpose of this model 

is to lead peaks.  We are not concerned with how well the model leads troughs.  

Specifically, model 2 does a better job leading the 1979M03 peak.  The lead-time for the 

1990M07 peak is shorter than model 1, but a five-month lead-time seems more 

reasonable than an eleven-month lead-time.  We did improve the ability of the index to 

lead peaks by using only the series that we had designated for a peak index. 

 

What does cross-correlation suggest about the index?  

 The cross-correlation for model 2 in Table 37 is worse than model 1.  The highest 

correlation results at lag 1.  This results most likely because of the inclusion of the Erie 

manufacturing employment series.  During the preliminary analysis of the Erie 

manufacturing employment series, we found that it had a high correlation with Erie 

employment at lag 1.  This shows up more in model 2 because twice as much weight is 

given to the series in model 2.   
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Conclusions 

   The cross-correlation may not be as useful when considering indexes for only 

peaks or only troughs.  Cross-correlation analyzes the entire series, which includes both 

peaks and troughs.  When we begin to focus on only peaks or troughs, we may sacrifice 

some of the series’ overall predictability, which would cause lower cross-correlation 

results.  Erie manufacturing employment is skewing the cross-correlation results; 

however, the turning point results improved with this model. 

 

Graph 26: Model 2 and Erie Total Employment 
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Table 36: Model 2 Turning Points 

Model 2

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1973M11 -11 1974M10

1979M03 -3 1979M06

1981M08 FALSE

Missed 1985M12

1990M07 -5 1990M12

2000M08 3 2000M05

Avg Lead -4

Troughs

1975M03 -15 1976M06

1980M05 FALSE

1983M01 1 1982M12

Missed 1986M09

1992M01 1 1991M12

2003M04 -3 2003M07

Avg Lead -4  
 
 

Table 37: Cross-correlation of Model 2 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1044 0.1044 

          .|**       |           .|*        | 1 0.2468 0.0848 

          .|*        |           .|.        | 2 0.0670 0.0430 

          .|.        |           .|**       | 3 -0.0139 0.1990 

          .|*        |           .|*        | 4 0.0758 0.1473 

          .|.        |           .|*        | 5 0.0467 0.1117 

          .|.        |           .|*        | 6 0.0423 0.1264 

          *|.        |           .|*        | 7 -0.0877 0.1334 

          .|.        |           .|*        | 8 -0.0293 0.0540 

          .|.        |           .|*        | 9 -0.0270 0.0974 

          .|.        |           .|.        | 10 -0.0346 0.0363 

          *|.        |           .|*        | 11 -0.0889 0.0999 

          .|.        |           .|*        | 12 -0.0065 0.0995 
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3. Model 3: Model 2 without Erie Average Weekly Hours in Manufacturing 

 

Table 38: Model 3 Weights 

Series Included Weights

U.S. Index of Coincident Indicators 0.495

U.S. Index of Leading Indicators 0.361

Erie Manufacturing Employment 0.110

U.S. Average Weekly Initial Claims for Unemployment Ins. 0.034

Sum 1.000  
 

 The data for Erie average weekly hours in manufacturing are only available from 

1972.  The series was dropped for this model so we could test back to 1960.   

 

What does turning point analysis suggest about the index? 

 This model is a slight improvement from model 2.  The series does go back 

further in time so we see that it worked for the cycles in the 60s.  The lead-time for the 

1990M06 peak also improved by one month.  This is somewhat surprising because the 

only series that we eliminated is Erie average weekly hours in manufacturing.  By 

eliminating a measure of the Erie economy, we thought it would make the series worse, 

but in this case, it improved the series.  The series only improved by one month for the 

1990M06 turn, so it is inconclusive as to whether or not Erie average weekly hours in 

manufacturing improves or worsens the index.  

 

What does cross-correlation suggest about the index?  

 The first correlation to address is at lag 1.  Again, Erie manufacturing 

employment is skewing the cross-correlation results.  Since there is even more weight 

given to the series in this model, the correlation at lag 1 is even stronger.   
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 The other significant correlation is at lead 4.  This lead correlation is an 

improvement from model 2.  Even with manufacturing employment skewing correlation 

towards a lag of 1, the removal of Erie average weekly hours in manufacturing improves 

the cross-correlation results. 

 

Conclusions 

 So far, model 3 is our best index for peaks.  Including Erie average weekly hours 

in manufacturing into our model makes the index less accurate.  The cross-correlation 

results also suggest that it may even be beneficial to remove Erie manufacturing 

employment.  Model 6 deals with the removal of Erie manufacturing employment from 

this model.   

 

Graph 27: Model 3 and Erie Total Employment 
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Table 39: Model 3 Turning Points 

Model 3

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M09 -10 1970M07

1973M11 -11 1974M10

1979M03 -3 1979M06

1981M08 FALSE

Missed 1985M12

1990M06 -6 1990M12

2000M08 3 2000M05

Avg Lead -5

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M12 0 1982M12

Missed 1986M09

1992M01 1 1991M12

2003M04 -3 2003M07

Avg Lead -4  
 

 
Table 40: Cross-correlation of Model 3 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1065 0.1065 

          .|***      |           .|*        | 1 0.2936 0.0914 

          .|*        |           .|*        | 2 0.0894 0.0690 

          .|*        |           .|**       | 3 0.0561 0.1850 

          .|*        |           .|**       | 4 0.0728 0.2022 

          .|*        |           .|*        | 5 0.0586 0.1422 

          .|.        |           .|*        | 6 0.0285 0.1257 

          *|.        |           .|**       | 7 -0.0490 0.1688 

          .|.        |           .|*        | 8 -0.0089 0.0755 

          .|.        |           .|*        | 9 0.0284 0.1129 

          *|.        |           .|*        | 10 -0.0685 0.0600 

          *|.        |           .|*        | 11 -0.0500 0.1429 

          *|.        |           .|*        | 12 -0.0777 0.1124 
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4. Model 4: All Trough Series 

 

Table 41: Model 4 Weights 

Series Included Weights

U.S. Total Employment 0.480

U.S. Index of Coincident Indicators 0.248

U.S. Index of Leading Indicators 0.181

Erie Average Weekly Hours in Manufacturing 0.037

S&P 500 0.020

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.017

U.S. Housing Permits 0.016

Sum 1.000  
 

What does turning point analysis suggest about the index? 

 The trough turning points for this series are identical to model 1.  This is not very 

surprising because we only eliminated one series (Erie manufacturing employment), 

which carried a weight of .1 in model 1.   

 

What does cross-correlation suggest about the index?  

 The cross-correlation results show a significant relationship at lead 3, which is the 

same lead-time as model 1.   

 

Conclusions 

 No significant conclusions can be drawn from this model because it is almost 

identical to model 1.  It does give us the results from using our trough series, which we 

use to compare to later models. 
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Graph 28: Model 4 and Erie Total Employment 
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Table 42: Model 4 Turning Points 

Model 4

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1973M02 -20 1974M10

1979M09 3 1979M06

Missed 1985M12

1990M01 -11 1990M12

2000M08 3 2000M05

Avg Lead -9

Troughs

1975M03 -15 1976M06

1982M08 -4 1982M12

Missed 1986M09

1991M12 0 1991M12

2003M04 -3 2003M07

Avg Lead -6  
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Table 43: Cross-correlation of Model 4 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1344 0.1344 

          .|*        |           .|.        | 1 0.0537 0.0387 

          .|*        |           .|.        | 2 0.1220 0.0441 

          .|.        |           .|**       | 3 0.0172 0.2199 

          .|.        |           .|**       | 4 0.0361 0.1838 

          .|*        |           .|*        | 5 0.0770 0.1557 

          .|.        |           .|*        | 6 -0.0398 0.1521 

          *|.        |           .|*        | 7 -0.0981 0.1339 

          *|.        |           .|*        | 8 -0.0606 0.0772 

          .|.        |           .|**       | 9 -0.0057 0.1997 

          *|.        |           .|*        | 10 -0.0577 0.1051 

          *|.        |           .|*        | 11 -0.1066 0.0831 

          .|.        |           .|*        | 12 -0.0152 0.1323 
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5. Model 5: Model 4 without Erie Average Weekly Hours in Manufacturing 

 

Table 44: Model 5 Weights 

Series Included Weights

U.S. Total Employment 0.499

U.S. Index of Coincident Indicators 0.258

U.S. Index of Leading Indicators 0.188

S&P 500 0.021

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.018

U.S. Housing Permits 0.017

Sum 1.000  
 

 Again, the data for Erie average weekly hours in manufacturing are only available 

from 1972 so the series was dropped for this model to test back to 1960.  It is also 

interesting to note that this model contains all of the U.S. measures that we found useful 

in our preliminary analysis.   

 

What does turning point analysis suggest about the index? 

 The model performs better than model 4 by one month at the 2003M03 trough.  

This model also catches the first part of the double dip recession, which is the false cycle.  

As we explained earlier, the recession in Erie is considered one long recession rather than 

a combination of two because the upswing between them was not long enough.  Erie 

average weekly hours in manufacturing is the only series that is different between model 

4 and model 5.  This means that, for troughs, we may need to keep Erie average weekly 

hours in manufacturing to ensure that changes in the U.S. data that do not affect Erie do 

not affect our index.   
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What does cross-correlation suggest about the index?  

 This model generates a significant correlation at lead four.  This is a one-month 

improvement from the correlation lead of three months in model 4.  The value at lead 

four for model 5 is smaller than the value at lead three for model 5, but if we look at the 

values for both leads three and four for both models the average of the correlation values 

for leads three and four for both models are almost identical.  There is also a significant 

correlation at lead nine, which was not in model 4.   

 

Conclusions 

Overall, the cross-correlation results are slightly better for model 5 than model 4.  

Thus far, this is the best series we have for troughs and it does not contain a single 

measure for Erie.   

 

Graph 29: Model 5 and Erie Total Employment 
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Table 45: Model 5 Turning Points 

Model 5

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M08 -11 1970M07

1973M06 -16 1974M10

1979M08 2 1979M06

1980M11 FALSE

Missed 1985M12

1990M01 -11 1990M12

2000M08 3 2000M05

Avg Lead -7

Troughs

1960M12 -4 1961M04

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M08 -4 1982M12

Missed 1986M09

1991M12 0 1991M12

2003M03 -4 2003M07

Avg Lead -6  
 
 

Table 46: Cross-correlation of Model 5 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.1594 0.1594 

          .|*        |           .|.        | 1 0.0565 0.0410 

          .|*        |           .|*        | 2 0.1123 0.0605 

          .|.        |           .|**       | 3 0.0409 0.1906 

          .|*        |           .|**       | 4 0.0566 0.2127 

          .|*        |           .|**       | 5 0.0793 0.1769 

          *|.        |           .|*        | 6 -0.0439 0.1438 

          *|.        |           .|*        | 7 -0.0641 0.1388 

          .|.        |           .|*        | 8 -0.0333 0.1010 

          .|.        |           .|**       | 9 0.0245 0.2063 

          *|.        |           .|*        | 10 -0.0804 0.0961 

          *|.        |           .|*        | 11 -0.0573 0.1110 

          *|.        |           .|*        | 12 -0.0415 0.1260 
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6. Model 6: Model 3 without Erie Manufacturing Employment 

 

Table 47: Model 6 Weights 

Series Included Weights

U.S. Index of Coincident Indicators 0.556

U.S. Index of Leading Indicators 0.406

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.039

Sum 1.000  
 

 During the analysis of the peak series, we mentioned that the Erie manufacturing 

employment series may be hurting the index because of its’ high correlation at lag 1.  

This model will be compared to model 3 to see if removing Erie manufacturing 

employment from the index hurts or helps our results. 

 

What does turning point analysis suggest about the index? 

 The peak dates in 1969, 1973, and 1990 are all improvements from model 3.  The 

trough dates also improved compared to model 3, but model 5 still contains the best 

trough dates.   

 

What does cross-correlation suggest about the index?  

 The high correlation at a lag of one month has been removed and the correlation 

at lead four is almost .01 higher than model 3.   

 

Conclusions 

 Both the turning points and the cross-correlation results improved our peak index 

with the removal of Erie manufacturing employment.  Thus far, model 6 is our best peak 

leading index and model 5 is our best trough leading index.  Interestingly, neither of them 
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contains a single measure of the Erie economy.  It may be the case that the Erie economy 

usually lags the U.S. economy, which would explain why the U.S. series create better 

leading indexes for Erie employment. 

 

Graph 30: Model 6 and Erie Total Employment 
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Table 48: Model 6 Turning Points 

Model 6

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M08 -11 1970M07

1973M02 -20 1974M10

1979M03 -3 1979M06

1980M11 FALSE

Missed 1985M12

1990M03 -9 1990M12

2000M08 3 2000M05

Avg Lead -8

Troughs

1960M12 -4 1961M04

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M12 0 1982M12

Missed 1986M09

1991M01 -11 1991M12

2003M03 -4 2003M07

Avg Lead -7  
 
 

Table 49: Cross-correlation of Model 6 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1185 0.1185 

          .|*        |           .|.        | 1 0.0558 0.0185 

          .|*        |           .|*        | 2 0.0610 0.0600 

          .|.        |           .|*        | 3 0.0053 0.1501 

          .|.        |           .|**       | 4 0.0111 0.2116 

          .|*        |           .|*        | 5 0.0714 0.1253 

          .|.        |           .|*        | 6 -0.0350 0.1265 

          *|.        |           .|**       | 7 -0.0855 0.1703 

          .|.        |           .|*        | 8 -0.0384 0.0741 

          .|.        |           .|*        | 9 -0.0327 0.1441 

          *|.        |           .|*        | 10 -0.0996 0.0688 

          *|.        |           .|*        | 11 -0.0640 0.1360 

          *|.        |           .|*        | 12 -0.0834 0.1124 
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7. Model 7: Model 6 with U.S. Total Employment 

 

Table 50: Model 7 Weights 

Series Included Weights

U.S. Total Employment 0.518

U.S. Index of Coincident Indicators 0.268

U.S. Index of Leading Indicators 0.195

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.019

Sum 1.000  
 

 In all the models that contained U.S. total employment, the series had the highest 

weight of all the series included in the index, and the models had higher leading 

correlation results.  This model adds U.S. total employment to model 6.  This model will 

be compared to both model 6 and model 5 since they are our best indexes so far.   

 

What does turning point analysis suggest about the index? 

 These turning points are worse at peaks compared to model 6, and worse at 

troughs compared to model 5.  Compared to model 5, this model had five lead-times for 

troughs that are worse and no improvements.  Compared to model 6, it had four lead-

times for peaks that are worse and one that was better.  The only significant improvement 

for both peaks and troughs was that this model did not call a false cycle in the 80s.  This 

suggests that by adding U.S. total employment the index may be more stable and thus 

less likely to call a false turn.  We may gain stability, but we lose about an average of 

four months lead-time.   
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What does cross-correlation suggest about the index?  

 There is a correlation at lead 4 of .2431, which is the highest leading correlation 

of any of the models.  However, there is a higher correlation at time 0.  This suggests that 

the addition of the U.S. total employment series does pull the index closer to a coincident 

relationship with Erie total employment.   

 

Conclusions 

 The cross-correlation results are better than all the other models, but the turning 

points are much worse for both peaks and troughs.  The reduction of lead times, 

according to the turning point analysis, is not worth the improvement in the correlation, 

which means models 5 and 6 are still our best indexes.  U.S. total employment gives us a 

large improvement in the cross-correlation, but reduces our lead times too much.  U.S. 

total employment is heavily weighted in all the models.  Perhaps, if we weight the series 

equally or just lessen the amount of weight given to U.S. total employment, then maybe it 

will improve the correlation results without making our lead-times as bad as it did in this 

model.   
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Graph 31: Model 7 and Erie Total Employment 
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Table 51: Model 7 Turning Points 

Model 7

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M10 -9 1970M07

1974M01 -9 1974M10

1980M02 8 1979M06

Missed 1985M12

1990M06 -6 1990M12

2000M09 4 2000M05

Avg Lead -2

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M03 -15 1976M06

1982M12 0 1982M12

Missed 1986M09

1992M01 1 1991M12

2003M04 -3 2003M07

Avg Lead -4  
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Table 52: Cross-correlation of Model 7 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.2456 0.2456 

          .|*        |           .|*        | 1 0.1317 0.1250 

          .|**       |           .|*        | 2 0.1636 0.1521 

          .|*        |           .|**       | 3 0.0776 0.2280 

          .|*        |           .|**       | 4 0.1088 0.2431 

          .|*        |           .|**       | 5 0.1422 0.1974 

          .|.        |           .|**       | 6 0.0381 0.1568 

          .|.        |           .|**       | 7 -0.0178 0.1701 

          .|.        |           .|*        | 8 0.0247 0.1037 

          .|.        |           .|**       | 9 0.0071 0.1592 

          *|.        |           .|*        | 10 -0.0667 0.0919 

          *|.        |           .|*        | 11 -0.0466 0.1350 

          *|.        |           .|*        | 12 -0.0574 0.1147 
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8. Model 8: Model 7 with Equal Weights for Each Series 

 

Table 53: Model 8 Weights 

Series Included Weights

U.S. Total Employment 0.250

U.S. Index of Coincident Indicators 0.250

U.S. Index of Leading Indicators 0.250

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.250

Sum 1.000  
 

What does turning point analysis suggest about the index? 

 Giving equal weight to each series does not work at all.  The initial claims for 

unemployment insurance series is much more volatile than the other series.  When we 

give that series more weight and give the stable series like U.S. total employment less 

weight, the volatility of the index is greatly increased.   

 

What does cross-correlation suggest about the index?  

 The cross-correlation results show no significant relationships between the index 

and Erie total employment. 

 

Conclusions 

 Giving equal weights to each series does not work because it makes the index 

much more volatile.  The large amount of volatility leads to many false turns in the index.   
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Graph 32: Model 8 and Erie Total Employment 
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Table 54: Model 8 Turning Points 

Model 8

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1961M02 FALSE

1963M12 FALSE

1967M04 FALSE

Missed 1970M07

1972M06 FALSE

Missed 1974M10

1975M01 FALSE

1980M05 11 1979M06

1982M09 FALSE

Missed 1985M12

1986M08 FALSE

1991M03 3 1990M12

1996M03 FALSE

1999M01 -16 2000M05

2001M10 FALSE

2003M04 FALSE

Troughs

Missed 1961M04

1962M04 FALSE

1966M04 FALSE

1968M10 FALSE

Missed 1971M06

1973M02 FALSE

1976M02 -4 1976M06

1981M03 FALSE

1984M02 14 1982M12

Missed 1986M09

1987M10 FALSE

1993M02 14 1991M12

1997M02 FALSE

2000M03 FALSE

2002M07 -12 2003M07

2004M06 FALSE  
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Table 55: Cross-correlation of Model 8 

Lag Lead Pd. Lag Lead 

          
          .|.        |           .|.        | 0 -0.0096 -0.0096 

          .|*        |           .|.        | 1 0.1060 -0.0216 

          *|.        |           *|.        | 2 -0.0525 -0.1091 

          .|*        |           *|.        | 3 0.0594 -0.1320 

          *|.        |           .|.        | 4 -0.0848 -0.0235 

          .|*        |           .|.        | 5 0.0942 -0.0406 

          .|*        |           *|.        | 6 0.0511 -0.0786 

          .|*        |           *|.        | 7 0.0899 -0.0665 

          .|*        |           *|.        | 8 0.0722 -0.0520 

          .|*        |           *|.        | 9 0.0618 -0.0610 

          .|*        |           .|.        | 10 0.0600 -0.0378 

          .|*        |           .|.        | 11 0.0847 0.0283 

          .|.        |           .|.        | 12 0.0140 -0.0230 
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9. Model 9: Model 7 Using Various Chosen Weights 

 

Table 56: Model 9 Weights 

Series Included Weights

U.S. Total Employment 0.400

U.S. Index of Coincident Indicators 0.300

U.S. Index of Leading Indicators 0.250

U.S. Average Weekly Initial Claims for Unemployment Insurance 0.050

Sum 1.000  
 

 In model 7, using U.S. total employment greatly improved the cross-correlation 

results, but it hindered the turning point results.  In model 8, we tried equal weights, 

which were so excessive that it created a useless index.  In this model, we only slightly 

adjust the weights from model 7 instead of giving each series an equal weight.   

 

What does turning point analysis suggest about the index? 

 This model resulted in two more false cycles than model 7, one in the 80s and one 

in the 90s.  It also missed the cycle in the early 70s. 

 

What does cross-correlation suggest about the index?  

 The cross-correlation did not improve compared to model 7.  There is not even a 

significant relationship found in the cross-correlation results.   

 

Conclusions 

 Using weights that are closer to the calculated weights of the series did improve 

our results compared to the use of equal weights in model 8.  However, the results of the 

turning point and the cross-correlation analysis are still both worse than model 7.  We 
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tested another model using weights that are even closer to the weights in model 7, but the 

results are still the same so a detailed analysis of the additional model is not provided.  

The weights for the model are provided in Table 59.   

Graph 33: Model 9 and Erie Total Employment 
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Table 57: Model 9 Turning Points 

Model 9

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

Missed 1970M07

1974M01 -9 1974M10

1980M02 8 1979M06

1981M09 FALSE

Missed 1985M12

1990M06 -6 1990M12

1992M07 FALSE

2001M05 12 2000M05

Avg Lead 1

Troughs

Missed 1961M04

Missed 1971M06

1975M03 -15 1976M06

1981M03 FALSE

1982M12 0 1982M12

Missed 1986M09

1991M10 -2 1991M12

1993M03 FALSE

2003M03 -4 2003M07

Avg Lead -5  
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Table 58: Cross-correlation of Model 9 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.1645 0.1645 

          .|*        |           .|*        | 1 0.1488 0.0646 

          .|*        |           .|.        | 2 0.0799 0.0428 

          .|*        |           .|*        | 3 0.0821 0.0971 

          .|.        |           .|**       | 4 0.0171 0.1830 

          .|*        |           .|*        | 5 0.1535 0.1218 

          .|.        |           .|*        | 6 0.0396 0.0806 

          .|.        |           .|*        | 7 0.0171 0.1031 

          .|.        |           .|.        | 8 0.0443 0.0484 

          .|.        |           .|*        | 9 0.0312 0.0959 

          .|.        |           .|.        | 10 -0.0296 0.0489 

          .|.        |           .|*        | 11 0.0042 0.1284 

          *|.        |           .|*        | 12 -0.0472 0.0816 

 

 
Table 59: Weights for Additional Model 

Series Included Weights

U.S. Total Employment 0.500

U.S. Index of Coincident Indicators 0.275

U.S. Index of Leading Indicators 0.200

U.S. Average Weekly Initial Claims for Unemployment Ins. 0.025

Sum 1.000  
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10. Model 10: Three Most Heavily Weighted Series 

 

Table 60: Model 10 Weights 

Series Included Weights

U.S. Total Employment 0.528

U.S. Index of Coincident Indicators 0.273

U.S. Index of Leading Indicators 0.199

Sum 1.000  
 

 Throughout our analysis, the three series used in this model carried the most 

weight.  The other series that only carried minimal weights may not have had any real 

effect on the indexes so we are trying a model without them.   

 

What does turning point analysis suggest about the index? 

 For this analysis, we compare the peaks to model 6 and the troughs model to 5.  

For peaks, this model improves the 2000 peak lead-time by three months.  The peak lead-

times in 73 and 79 are worse by nine and three months.  The trough lead-times in 61, 82, 

and 03 are all worse, but only by about two months each.  This model may be becoming a 

better leader for peaks, but it is not for troughs.   

 

What does cross-correlation suggest about the index?  

 This model has the best leading correlation of all of the models that we have tried.   

 

Conclusions 

 For troughs, the lead times of model 10 are not very large in the recent past so we 

will stick with model 5 as our best model for troughs.  Since 1980, the peak dates of this 

model are the same as model 6 except for an improvement during the last peak.  The 
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cross-correlation results are also better than model 6 so model 10 is now our best leading 

index for peaks.   

 The only difference between this model and model 7 is that model 7 included U.S. 

average weekly initial claims for unemployment insurance.  The lead times for peaks and 

the cross-correlation results are better for this model than for model seven, which 

suggests that the U.S. initial claims series is best left out of an index for leading peaks in 

Erie total employment.   

 

 

Graph 34: Model 10 and Erie Total Employment 
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Table 61: Model 10 Turning Points 

Model 10

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M08 -11 1970M07

1973M11 -11 1974M10

1979M06 0 1979M06

1981M04 FALSE

Missed 1985M12

1990M03 -9 1990M12

2000M05 0 2000M05

Avg Lead -6

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M11 -1 1982M12

Missed 1986M09

1991M12 0 1991M12

2003M04 -3 2003M07

Avg Lead -5  
 
 

Table 62: Cross-correlation of Model 10 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.2255 0.2255 

          .|*        |           .|*        | 1 0.0779 0.1194 

          .|**       |           .|**       | 2 0.1671 0.1762 

          .|.        |           .|***      | 3 0.0442 0.2543 

          .|*        |           .|**       | 4 0.1288 0.2313 

          .|*        |           .|**       | 5 0.0916 0.1960 

          .|.        |           .|**       | 6 0.0131 0.1710 

          *|.        |           .|**       | 7 -0.0520 0.1830 

          .|.        |           .|*        | 8 -0.0062 0.1154 

          .|.        |           .|**       | 9 -0.0191 0.1698 

          *|.        |           .|*        | 10 -0.0853 0.0988 

          *|.        |           .|*        | 11 -0.0752 0.1134 

          *|.        |           .|*        | 12 -0.0579 0.1139 
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11. Model 11: Model 10 without U.S. Index of Leading Indicators 

 

Table 63: Model 11 Weights 

Series Included Weights

U.S. Total Employment 0.660

U.S. Index of Coincident Indicators 0.340

Sum 1.000  
 

 The U.S. index of leading indicators showed the least amount of promise in the 

preliminary analysis compared to the other series in model 10 so we removed it for this 

model.   

 

What does turning point analysis suggest about the index? 

 Comparing peaks to model 10 and troughs to model 5, this series does a worse job 

in both cases.  Four of the five leads for peaks are worse and five of the six leads for 

troughs are worse.  Just as before, when U.S. total employment carries more weight, it 

reduces the lead times at the turning points.   

 

What does cross-correlation suggest about the index?  

 There is a large correlation at lead three; however, there is a larger correlation at 

period zero because U.S. total employment is carrying more weight in this series.  U.S. 

total employment pulls the correlation closer to period zero.   

 

Conclusions 

 The turning points for both peaks and troughs are much worse using this series.  

Model 10 is still our best leader for peaks and model 5 is still the best leader for troughs.   
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Graph 35: Model 11 and Erie Total Employment 
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Table 64: Model 11 Turning Points 

Model 11

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1969M10 -9 1970M07

1973M12 -10 1974M10

1980M02 8 1979M06

1981M07 FALSE

Missed 1985M12

1990M03 -9 1990M12

2000M07 2 2000M05

Avg Lead -4

Troughs

1961M02 -2 1961M04

1970M11 -7 1971M06

1975M06 -12 1976M06

1980M07 FALSE

1982M12 0 1982M12

Missed 1986M09

1992M03 3 1991M12

2003M08 1 2003M07

Avg Lead -3  
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Table 65: Cross-correlation of Model 11 

Lag Lead Pd. Lag Lead 

          
          .|***      |           .|***      | 0 0.3093 0.3093 

          .|**       |           .|**       | 1 0.1632 0.1890 

          .|**       |           .|**       | 2 0.2198 0.2187 

          .|*        |           .|***      | 3 0.1101 0.2730 

          .|**       |           .|**       | 4 0.1845 0.2043 

          .|**       |           .|**       | 5 0.1639 0.2149 

          .|*        |           .|**       | 6 0.1008 0.1578 

          .|.        |           .|*        | 7 0.0323 0.1369 

          .|*        |           .|*        | 8 0.0623 0.1069 

          .|.        |           .|*        | 9 0.0321 0.1236 

          .|.        |           .|*        | 10 -0.0354 0.0915 

          .|.        |           .|*        | 11 -0.0363 0.1009 

          .|.        |           .|*        | 12 -0.0302 0.0975 
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12. Model 12: U.S. Leading and Coincident Indicators 

 

Table 66: Model 12 Weights 

Series Included Weights

U.S. Index of Coincident Indicators 0.578

U.S. Index of Leading Indicators 0.422

Sum 1.000  
 

 In model 10, it was suggested that U.S. average weekly initial claims for 

unemployment insurance be removed from a peak leading index.  If that series is 

removed from model 3 along with Erie manufacturing employment, we are left with the 

series used in this model.   

 

What does turning point analysis suggest about the index? 

 The peaks are much better than model 10, but the leads of 20 and 23 months are 

so large that is more likely a coincidence than an actual lead.  The lead-times for troughs 

are better using model 5 with the exception of the 1991 trough, which improved by 11 

months.  In addition, model 12 signals a false cycle in the mid 60s. 

 

What does cross-correlation suggest about the index?  

 The cross-correlation results show significant relationships at periods three and 

four.  These correlations are low compared to both models 10 and 5.   

 

Conclusions 

 For peaks, the lead times seem to be so large that they are unlikely to be actual 

leads.  The cross-correlation results are also better for model 10 so we will stick with 
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model 10 as our best peak leading index.  The trough dates show no real improvement 

when we use model 12 and the cross-correlation results are better for model 5 so model 5 

is still our best leading index for troughs.   

 

Graph 36: Model 12 and Erie Total Employment 
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Table 67: Model 12 Turning Points 

Model 12

Lead (-) or Lag 

(+) Times

Erie Total 

Employment

Year & Month Months Year & Month

Peaks

1966M04 FALSE

1969M04 -15 1970M07

1973M02 -20 1974M10

1979M03 -3 1979M06

1980M11 FALSE

Missed 1985M12

1989M01 -23 1990M12

2000M04 -1 2000M05

Avg Lead -12

Troughs

1961M02 -2 1961M04

1967M02 FALSE

1970M11 -7 1971M06

1975M03 -15 1976M06

1980M05 FALSE

1982M08 -4 1982M12

Missed 1986M09

1991M01 -11 1991M12

2003M04 -3 2003M07

Avg Lead -7  
 
 

Table 68: Cross-correlation of Model 12 

Lag Lead Pd. Lag Lead 

          
          .|*        |           .|*        | 0 0.1185 0.1185 

          .|.        |           .|.        | 1 -0.0045 0.0331 

          .|*        |           .|*        | 2 0.0885 0.1142 

          .|.        |           .|**       | 3 -0.0275 0.2067 

          .|*        |           .|**       | 4 0.0598 0.2044 

          .|.        |           .|*        | 5 0.0146 0.1400 

          *|.        |           .|*        | 6 -0.0567 0.1555 

          *|.        |           .|**       | 7 -0.1216 0.1923 

          *|.        |           .|*        | 8 -0.0701 0.0990 

          *|.        |           .|**       | 9 -0.0634 0.1652 

          *|.        |           .|*        | 10 -0.1215 0.0849 

          *|.        |           .|*        | 11 -0.1025 0.1073 

          *|.        |           .|*        | 12 -0.0800 0.1141 
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13. Summary of Models 

 

 After going through all twelve models, we found that model 5 is our best leading 

index for troughs and model 10 is our best leading index for peaks.  Table 69 and Table 

70 contain summaries of our results.  Table 69 contains the peak dates found by each 

model and Table 70 contains the trough dates.  The bold dates correspond to a peak or 

trough in Erie total employment.  The blue negative values are lead times and the red 

positive numbers are lag times.  In Table 69, the first peak in Erie total employment is 

July 1970 (1970M07), which is bold.  Moving from left to right across the table, model 

three has a lead time of ten months (-10 in blue), which occurred in September 1969 

(1969M09).   

 It is important to keep in mind that the number of months between each date 

shown in these two tables varies dramatically.  However, the tables still allow us to 

compare all twelve models rather quickly.  The models that perform the best have values 

closer to the top of each section (longer leads).  The models that perform the worse have 

values closer to the bottom of each section (shorter leads or lags).  The next task is to 

decide how and when to call turning points in the models.   
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Table 69: Summary Table of Model Peak Dates 
Peaks** Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8* Model 9 Model 10 Model 11 Model 12

1966M04 FALSE

1969M04 -15

1969M08 -11 -11 -11

1969M09 -10

1969M10 -9 -9

1970M07 Missed Missed

1973M02 -20 -20 -20

1973M06 -16

1973M11 -11 -11 -11 -11

1973M12 -10

1974M01 -9 -9

1974M10 Missed

1979M03 -3 -3 -3 -3

1979M06 0

1979M08 2

1979M09 3 3

1980M02 8 8 8

1980M05 11

1980M11 FALSE FALSE FALSE

1981M04 FALSE

1981M07 FALSE

1981M08 FALSE FALSE

1981M09 FALSE

1985M12 Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed

1989M01 -23

1990M01 -11 -11 -11

1990M03 -9 -9 -9

1990M06 -6 -6 -6

1990M07 -5

1990M12

1991M03 3

1992M07 FALSE

1999M01 -16

2000M04 -1

2000M05 0

2000M07 2

2000M08 3 3 3 3 3 3

2000M09 4

2001M05 12

*There is a large number of false turns in Model 8, ten false peaks, so they are excluded from the table.

** The bold dates are turning points in Erie total employment.  
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Table 70: Summary Table of Model Trough Dates 
Troughs** Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8* Model 9 Model 10 Model 11 Model 12

1960M12 -4 -4

1961M02 -2 -2 -2 -2 -2

1961M04 Missed Missed

1967M02 FALSE

1970M11 -7 -7 -7 -7 -7 -7 -7

1971M06 Missed Missed

1975M03 -15 -15 -15 -15 -15 -15 -15 -15 -15 -15

1975M06 -12

1976M02 -4

1976M06

1980M05 FALSE FALSE FALSE FALSE FALSE FALSE

1980M07 FALSE

1981M03 FALSE

1982M08 -4 -4 -4 -4

1982M11 -1

1982M12 0 0 0 0 0

1983M01 1

1984M02 14

1986M09 Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed Missed

1991M01 -11 -11

1991M10 -2

1991M12 0 0 0 0

1992M01 1 1 1

1992M03 3

1993M02 14

1993M03 FALSE

2002M07 -12

2003M03 -4 -4 -4 -4

2003M04 -3 -3 -3 -3 -3 -3

2003M07

2003M08 1

*There is a large number of false turns in Model 8, nine false troughs, so they are excluded from the table.

** The bold dates are turning points in Erie total employment.  
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V. Calling Turning Points 

1. Preliminary Discussion 

 The computer program that was used to determine turning points for our 

preliminary analysis and for our models cannot be used to call turns in real time because 

it discards turning points that occur within six months of the end of the series.10  This 

would not be a problem if our index had a consistent lead-time of ten months because we 

would still have a four-month lead-time, after the turn had been called.  However, the 

average lead-time for both models five and ten is about six months and the cross-

correlation analysis suggests a lead-time of only three or four months. 

 This means that we have to devise another way to call turning points.  We went 

back to the Conference Board to see how they decided when to call a turn in the U.S. 

Index of Leading Indicators.  The Conference Board only reports their index.  They do 

not issue any statements about what they expect the U.S. economy to do in the future.  

Other indexes that are currently being released, such as the one for Las Vegas, also do not 

try to call turning points in economic activity.  The values for leading indexes are 

released to the public usually with an explanation of why the index did what it did, but 

without any inferences about what may happen in the future.  That is left for the 

individual to decide for him or herself.   

 It is logical not to try to call turning points because of the high stakes involved.  

Say, for example, that our index series currently looks like the series in Graph 37.  The 

question is whether the index has just experienced a peak at period 70.  Assume that the 

index were going to follow path A in Graph 38 if we say nothing.  If, at our current 

                                                 
10 A more thorough discussion of the turning point program is provided beginning on page 12.   
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position in Graph 37, we announce a peak in our index, then the economy will expect a 

recession in the near future so they slow production and batten down the hatches.  It 

becomes a self-fulfilling prophecy and we just caused a recession when the economy was 

only experiencing a brief slow-down.  If, on the other hand, the index were going to 

follow path B if we say nothing, if again we announce a peak in our index, then, again, 

the economy expects and prepares for a recession.  In this case, we would have lessened 

the severity of the recession, but this time correctly.  If we wait until period 80 to decide 

if there was a peak at point 70 then we know for sure if it was indeed a peak.  We would 

have waited ten months to make a decision.  Either the recession has already started and 

people already know it (path B), or our economy is still experiencing growth (path A).  In 

either case, the index does not provide information useful in planning.   

 Since we cannot use our turning point program to call turns until at least six 

months after the fact, we are going to test a couple of possible procedures for calling 

turning points, using the first differenced values of models 5 and 10.  By using the first 

differenced data, we can more easily spot positive and negative changes in the series. 
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Graph 37: Hypothetical Index 
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Graph 38: Possible Events in Hypothetical Index 
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2. Various Tests and Their Results  

 

 All of the models that we will be trying follow two rules.  The first is that the 

series must alternate peaks and troughs.  The second rule is that a complete cycle must be 

at least fifteen months in duration.  These rules are the same for our turning point 

program, which is based on the calculations used by the Conference Board.   

 The method we tested for calling turns is fairly simple.  Our first test requires 

three consecutive months of growth or decline in the series to call a peak or trough.  In an 

Excel spreadsheet, we look at a range of three months (Range = 3) with a required 

number of months of decline or growth equal to three (Required # = 3).  In later tests, we 

vary the range and the required number of months of decline or growth.   

 Table 71 contains the various peak dates using five different tests on model 10, 

our best peak index.  In the first column, a peak is called when the first three consecutive 

months of growth occur after a trough.  The first peak occurs using this test in January 

1970 (1970M01).  Moving down the table, the next peak in Erie total employment occurs 

in October 1974, but our model misses the peak using the given criteria.  Similar to Table 

69 and Table 70, the peak/trough dates of Erie total employment are bolded in Table 

71/Table 72.  The lead times are also blue and the lag times red.   

 The last column provides the results of the turning point program.  These peak 

dates are not the same dates used in the analysis of model ten because the program 

requires at least six months of data after a turn to call the turn.  The program finds a peak 

in model 10 in August of 1969 (1969M08); however, this turn would not be found until 

February of 1970 (1970M02) so the lead-time is only five months instead of eleven.  This 
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adjustment did not have to be made in our earlier analysis because we were comparing 

actual peak and trough dates.  This analysis compares the months that an announcement 

about a peak or trough would be made.  Since the turning point program would not call a 

peak or trough until six months after the fact, we have to make the six-month adjustment.   

 The first model we ran was model 10 in Table 71.  We begin with the three-three 

rule as the standard.  When we look at the four-four rule results, we see that in almost 

every instance the three-three rule was more accurate.  Moving over to the five-five rule, 

the only improvement was the 1974 peak so the three-three rule is still our best.  The 

four-five rule shows improvements compared to the three-three rule during the 74 and 90 

peaks, however it has two additional false peaks.  The three-four rule improves on the 

three-three rule on four out of the six peaks.  It does give an additional false signal in the 

mid 90s, but we will call this our best test thus far.  The last test to compare our three-

four rule to is the turning point program.  The turning point program improves the lead 

for the 2000 peak and catches the 1974 peak that the three-four rule missed.  The turning 

point program is worse during the 1970, 79, and 90 peaks.  Both tests have at least one 

false and one missed turn.  Both tests seem to work very well.  If we want to use an ad 

hoc rule then the three-four rule would be the way to go.  If we do not minding waiting a 

little longer, then we could use the turning point program.     

 The tests on model 5 in Table 72 yielded some good results.  The four-five rule 

consistently beats the turning point program.  The rule only misses the trough in the mid 

80s, which none of the models caught, and has no false signals.  While the dates that a 

trough is called using this rule are close to the actual dates and sometimes they even lag, 
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the call would still be made before we could identify a decisive trough in Erie total 

employment, using the current methods.   

 

Table 71: Model 10 Peak Dates Using Various Criteria 
Required # = 3 4 5 4 3

Range = 3 4 5 5 4

1969M12 -7

1970M01 -6 -6

1970M02 -5 -5

1970M03 -4

1970M07

1974M04 -6

1974M05 -5

1974M08 -2

1974M09 -1

1974M10 Missed Missed

1979M06 Missed

1979M10 4

1979M11 5 5

1979M12 6 6

1981M10 FALSE

1981M12 FALSE FALSE

1982M01 FALSE

1985M12 Missed Missed Missed Missed Missed Missed

1989M05 -19

1989M06 -18

1989M07 -17

1990M09 -3 -3

1990M10 -2

1990M12

1991M12 FALSE

1995M04 FALSE

1995M05 FALSE

2000M05

2000M06 1

2000M08 3

2000M12 7 7

2001M01 8

2001M02 9

2004M08 X

2004M09 X X

- The bold dates are peaks in Erie total employment

Turning Point 

Program
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Table 72: Model 5 Trough Dates Using Various Criteria 
Required # = 3 4 5 4 3

Range = 3 4 5 5 4

1961M04 0

1961M05 1 1

1961M06 2 2

1961M07 3

1966M12 FALSE

1971M03 -3

1971M04 -2

1971M05 -1 -1

1971M06 Missed

1971M10

1972M02 8

1975M06 -12 -12

1975M07 -11 -11

1975M08 -10

1975M09 -9

1976M06

1980M08 FALSE

1980M11 FALSE

1982M05 -7

1982M12 Missed

1983M01 1

1983M02 2

1983M04 4

1983M05 5

1986M09 Missed Missed Missed Missed Missed Missed

1988M11 FALSE

1991M12 Missed Missed

1992M02 2 2

1992M04 4

1992M06 6

1993M07 FALSE

1993M08 FALSE

1998M12 FALSE

1999M12 FALSE

2003M06 -1

2003M07 0 0 Missed

2003M08 1

2003M09 2

2004M10 FALSE

- The bold dates are troughs in Erie total employment

Turning Point 

Program
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VI. Conclusions 

 

- One series alone cannot be used as a leading indicator. 

 An individual series does not lead Erie total employment as correctly and 

consistently as our indexes.  Combining a few series into an index gave the best results.  

By combining different series, we track a broader range of economic activity rather than 

relying on only one measure of economic activity.   

 

- An MSA index of leading indicators may not have to include a measure of local 

economic activity. 

 During the review of the literature on leading indexes, the idea of using measures 

of economic activity both on the national and local levels was evident in the various 

series that local indexes used.  Local leading indexes used measures of local economic 

activity that were a large part of their area’s economies.  For example, Flint, Michigan, an 

area that relies heavily on vehicle manufacturing, uses a measure of the level of vehicle 

production in their index of leading indicators (Perry).  The idea of using measures of 

economic activity from various levels was not actually stated in the literature, but it 

seems to be how local leading indexes have been created. 

Our findings conflict with the idea that local measures are necessary when 

creating an index of leading indicators for an MSA.  In the case of Erie, our economy 

seems to lag the U.S. economy so using measures of the local economy may actually 

hinder an index of leading indicators.  We can see the lagging relationship Erie has with 

the U.S. if we examine the turning points for both economic areas in Table 73.  The U.S. 
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leads three of Erie’s six peaks and six of the seven troughs.  Similar to most of the series 

that we analyzed the U.S. signals a false cycle in the early 80s and misses the Erie cycle 

in the late 80s.   

 

Table 73: U.S. and Erie Turning Points 

U.S. Official Dates

Lead (-) or Lag (+) 

Times

Erie Total 

Employment

Peaks Peaks

1960M04

1969M12 -8 1970M07

1973M11 -11 1974M10

1980M01 7 1979M06

1981M07 FALSE

Missed 1985M12

1990M07 -5 1990M12

2001M03 10 2000M05

Troughs Troughs

1961M02 -2 1961M04

1970M11 -8 1971M06

1975M03 -15 1976M06

1980M07 FALSE

1982M11 -1 1982M12

Missed 1986M09

1991M03 -9 1991M12

2001M11 -20 2003M07  
 

- Location quotients can be used to determine which industries have a greater effect on a 

local economy compared to the U.S. 

 Manufacturing is a large part of the Erie economy so we focused on measures of 

that industry for possible leading indicators.  However, not all MSAs are alike and other 

industries would undoubtedly be more appropriate for other places.  The use of location 

quotients can help identify the important industries in an MSA and would give someone 

trying to create an index of leading indicators a place to start when looking for leading 

indicators. 
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- It may be useful to create separate series for predicting peaks and troughs. 

 Throughout the analysis of the individual series, we found that some series are 

better at leading peaks and some are better at leading troughs.  All of the past indexes that 

were studied used a single index of leading indicators to try to predict both peaks and 

troughs.  It seems logical to combine the series that lead troughs better into one index and 

the series that lead peaks better into another index.  This gives us two indexes, one for 

predicting peaks and one for predicting troughs.  We did indeed find one index that is a 

better leader of troughs and one that is a better leader of peaks for Erie.   

 

- The best way to weight each series in a model is to use the calculated weights instead of 

assigning weights. 

 When we were testing our models, we tried manually assigning weights to our 

models rather than using the calculated weights.  This analysis began with model 7 and 

ended with model 9.  The weights are calculated for each series by taking the inverse of 

the standard deviations of the month-to-month percentage changes of each series and then 

adjusting the weights to sum to one.  A more detailed description of the calculations is 

provided on page 85.  The calculated weights for model 7 are provided in Table 74.  

When we slightly changed the calculated weights to the weights in Table 75, both the 

turning point and cross-correlation results were worse.  Weller and Kurre also showed no 

vast improvements in their models when they assigned ad hoc weights (1999).   
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Table 74: Model 7 Weights 

Series Included Weights

U.S. Total Employment 0.518

U.S. Index of Coincident Indicators 0.268

U.S. Index of Leading Indicators 0.195

U.S. Average Weekly Initial Claims for Unemployment Ins. 0.019

Sum 1.000  
 

Table 75: Manually Assigned Weights 

Series Included Weights

U.S. Total Employment 0.500

U.S. Index of Coincident Indicators 0.275

U.S. Index of Leading Indicators 0.200

U.S. Average Weekly Initial Claims for Unemployment Ins. 0.025

Sum 1.000  
 

- We found two indexes that led the Erie economy reasonably well, Model 10 for peaks 

and Model 5 for troughs.  

 The ad hoc rules that were tested on model 10 and model 5 resulted in the 

possible use of a three-four rule and four-five rule for calling turns, rather than using the 

turning point program.  While calling turning points can create a sticky situation, it may 

be useful to have these indexes available as gauges of economic activity in Erie.  The 

series included in our two indexes and their corresponding weights are presented in Table 

76 and Table 77.  Model 10 was designed for calling peaks and model 5 for calling 

troughs.   
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Table 76: Leading Index to Erie Peaks 

Series Included Weights

U.S. Total Employment 0.528

U.S. Index of Coincident Indicators 0.273

U.S. Index of Leading Indicators 0.199

Sum 1.000  
 

 
Table 77: Leading Index to Erie Troughs 

Series Included Weights

U.S. Total Employment 0.499

U.S. Index of Coincident Indicators 0.258

U.S. Index of Leading Indicators 0.188

S&P 500 0.021

U.S. Average Weekly Initial Claims for Unemployment Ins. 0.018

U.S. Housing Permits 0.017

Sum 1.000  
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VII. Future Research 

 

 While this project has been successful in finding some leading indicators for the 

Erie economy, we certainly have not answered all the possible questions on the issue.  

Some promising directions for future research include the following.  

 

- Different local input series 

 There are some series that are not currently available that might be useful for this 

project.  The value of manufacturer’s new orders, an index of local help wanted ads, and 

the average weekly initial claims for unemployment insurance are some series that could 

be incorporated into the index if they were available.  Since collecting some of the data 

mentioned above might be a project in itself, we focused on the data that were easily 

available for the Erie area.   

 

- Breakdown the U.S. index of coincident indicators for leading series 

 The U.S. index of coincident indicators was found to have a better leading 

relationship with Erie total employment than the U.S. index of leading indicators.  We 

tested some of the components of the U.S. index of leading indicators, but we did not test 

any components of the U.S. index of coincident indicators.  If the U.S. index of 

coincident indicators has a better leading relationship than the leading index then that 

relationship has to come from one or more of the series that are used to comprise the U.S. 

index of coincident indicators. 
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- Other ways to call turning points in a series quickly and accurately 

 The turning point calculations designed by Bry and Boschan and used by the 

Conference Board are very accurate and useful; however, they have a six-month 

handicap.  We tried a few simple models for calling turns in section V, Calling Turning 

Points.  One test worked well for our index model 5, but none worked for our index 

model 10.  There may or may not be a better method for quickly and accurately calling 

turns. 

 

- Decomposition of a series to identify turning points 

 A series is comprised of four components, which include a trend component, 

cyclical components, seasonal component, and an error term.  Since we are trying to 

analyze cyclical turns, it may be useful to remove both the trend and the seasonal pattern 

from each series.  We had adjusted our series for seasonality, but did not try removing 

any trend in our series when we analyzed them for turning points.  Ideally, we would like 

to remove the error term as well, but by nature the error term is a random variable so it 

can not be removed from the series.   

 

- Do Metropolitan Statistical Areas (MSAs) tend to lead or lag the U.S.?  

 When we compared the turning points in Erie total employment to the turning 

points in the U.S. (Table 73), we found that the U.S. tends to lead Erie.  It may be 

interesting to compare the timing of all MSAs to the U.S. and see if some typically lead 

and some typically lag.  If that were the case, then the next question would be why does 
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that occur.  We also note that it may be possible to identify some MSAs that may act as 

leading indicators for the U.S. economy.   
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Appendix I: References for Leading Indexes Found in Table 1 - Table 3 

 

 

National Indexes 
 

1. The Conference Board Inc. (2005) 

2. Stock, James H. and Watson, Mark W. (1989, 1991, 1993) 

 

 State Indexes 

 

4. Illinois ....................Fay, Susan (1983) 

1. Texas ......................Kozlowski, Paul J. (1983) 

2. Texas ......................Phillips, Keith R. (1988, 1990, 1994, 2004) 

3. Pennsylvania  .........Anderson, William D. (1992) 

6. Wisconsin ...............Tumpach, Joe (1993) 

5. Massachusetts ........Clayton-Matthews, Alan and Stock, James H. (1998/1999) 

7. PA/NJ .....................Crone, Theodore M. (1994, 1996, 2000) 

8. New York ...............Megna, Robert and Xu, Qiang (2003) 

 

Local Indexes 

 

1. New Orleans...........Conte, Michael A. (1986) 

2. Ohio MSAs ............Lesage, James P. and Magura, Michael (1987) 

3. Milwaukee..............Crane, Stephen E. (1993) 

4. Las Vegas ...............Gazel, Ricardo C. and Potts, Robert D. (1995) 

5. Flint ........................Perry, Mark. (1998) 

6. Erie .........................Weller, Barry R. and Kurre, James A. (1999) 

7. Arkansas MSAs .....Shbikat, Gazi (2000) 
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Appendix II: Examples of Cross-correlation Results 

 

 To put the results from our cross-correlation analysis into perspective we 

analyzed the relationship between U.S. total employment and two of the more heavily 

weighted series of the U.S. Index of Leading Indicators.  The output from that analysis 

can be seen in Table 78 and Table 79.  These values give us a base to which we can 

compare our cross-correlation results.  Average weekly hours in manufacturing and the 

M2 money supply are both used in the U.S. ILI so we would expect to find high cross-

correlation values when these series are compared to U.S. total employment.  However, 

neither of these series shows very high leading correlations.  The highest lead value for 

M2 is .1314 and the highest value for average weekly hours in manufacturing, other than 

at period 0, is .1094.  Therefore, for our analysis we consider a value greater than .1 to be 

of possible significance. 
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Table 78: Cross-correlation of Money Supply (M2) and U.S. Total Employment 

Lag Lead Pd. Lag Lead 

          
          *|.        |           *|.        | 0 -0.0602 -0.0602 

          *|.        |           *|.        | 1 -0.0458 -0.0576 

          *|.        |           .|.        | 2 -0.1446 0.0073 

         **|.        |           .|*        | 3 -0.1497 0.0585 

          *|.        |           .|*        | 4 -0.1191 0.0896 

          *|.        |           .|*        | 5 -0.1132 0.0817 

          *|.        |           .|*        | 6 -0.0831 0.0977 

          *|.        |           .|*        | 7 -0.0930 0.0784 

          *|.        |           .|*        | 8 -0.0978 0.1232 

          *|.        |           .|*        | 9 -0.0683 0.1308 

          *|.        |           .|*        | 10 -0.1012 0.1243 

          *|.        |           .|*        | 11 -0.1155 0.1314 

          *|.        |           .|*        | 12 -0.0639 0.1035 

 

 
Table 79: Cross-correlation of U.S. Average Weekly Hours in Manufacturing and U.S. Total 

Employment 

Lag Lead Pd. Lag Lead 

          
          .|**       |           .|**       | 0 0.2357 0.2357 

          .|.        |           .|*        | 1 -0.0000 0.0869 

          .|.        |           .|*        | 2 -0.0084 0.0922 

          .|.        |           .|*        | 3 -0.0021 0.0862 

          *|.        |           .|*        | 4 -0.0432 0.1094 

          *|.        |           .|.        | 5 -0.0665 0.0355 

          *|.        |           .|*        | 6 -0.0700 0.0719 

          .|.        |           .|*        | 7 -0.0284 0.0693 

          *|.        |           .|*        | 8 -0.1203 0.0865 

          *|.        |           .|*        | 9 -0.0729 0.0889 

          *|.        |           .|*        | 10 -0.0907 0.0662 

          *|.        |           .|*        | 11 -0.0831 0.0752 

          *|.        |           .|.        | 12 -0.1358 0.0326 
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