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Early in the 1980s a consortium of local leaders in Tacoma (Pierce County, WA) wanted a local forecasting to offer some short-term estimates of local area conditions and to provide businesses in the area with a tool to help them plan.  The problem, we quickly found out, was that no economic forecasting models existed for smaller and medium sized cities.  

Our literature review found no models, econometric or otherwise, that could be used to provide quick and cost-effective forecasts of economic conditions for small or medium sized cities.  Forecasting results that were reported were based on idiosyncratic or locally-specific descriptive models.  Almost all were either based on modified national forecast models or were fundamentally judgmental in nature.  None that we found was designed for annual forecasting using local data.

Models did exist for large metropolitan areas and for regional economies.  These were frequently multi-sector econometric models.  Others were essentially structured on input-output techniques.  These types of models are not suited for smaller economies – they are too costly, the data needs are almost insurmountable, and the forecasts can take too long to be useful.

Our requirements for a model were fairly straight forward.  We wanted a model that would produce short-term forecasts (about eighteen months) in a cost-effective manner.  The model should forecast not just overall economic conditions but also activity for major components of the local economy.  Finally, the cost (and time) of each annual set of forecasts should be reasonable.


Our approach was to begin de novo, based on basic macroeconomic and urban theoretical frameworks.  Our objective was to construct a model capable of forecasting total economic activity, labor market variables, retail sales, housing activity, and local income.  The forecast horizon is six quarters – from fall of one year through the fourth quarter of the following year.

Obviously, to create an econometric forecasting model we needed some measure of local aggregate activity.  Our first problem was the lack of this measure for a dependent variable since no measure of total local economic activity was available.  

The Bureau of Economic Analysis (Department of Commerce) occasionally reported Gross State Product, and even less frequently estimated local or state product. County Business Pattern data (U.S. Bureau of the Census) produced, with a long lag, employment information for many two and three digit SIC (now NAICS) level industries.  However, reporting was often limited by disclosure regulations and did not include any measure of total output by industry.  Decennial Housing and Population Census data were more useful, but not timely.  The state did not offer comprehensive output or total product data.  State reports did give taxable retail sales activity and employment conditions in local labor markets (employment, unemployment, and labor force size) at the county and metropolitan level.  While useful, however, none allowed for measuring total economic activity on a quarterly basis.

Our solution was to construct our own measure of economic activity for Pierce County.  Based on our observations and experiences, local economic activity had moved through a business cycle during the period of mid-1970 through mid-1980.  There was a period of regional decline, recovery, and expansion.  The local economy followed the national and state economic cyclical movements during the period.  Since we believed that local activity would be influenced by state and national conditions, this reinforced our belief that the conditions from 1975 to 1985 would provide a good “backcasting” environment for our model.

To create a starting point, we surveyed about a dozen people who were knowledgeable about the Pierce County economy.  This group included local officials, consultants, and private sector economists.  We asked each one to provide their assessment of how the economy performed during the 1960s.  In particular, we asked them to indicate the years of the peak and trough for the economy.

The responses were consistent.  The average timing of the cycle corresponded to data on local income movements.  Estimates of the recovery period accorded with declining unemployment;  the downturn period was consistent with increasing rates of unemployment.  We, therefore, aggregated the responses, using the average estimates over the period to construct a ten year pattern of aggregate output movement for the Pierce County economy.


We modified the consensus estimate based on our prior analyses of the local economy.  These modifications were minor, mostly moving the timing of turning points by a few months.  The adjusted consensus estimate then provided us with forty quarter observations for a dependent variable, total economic activity in Pierce County.  This dependent variable was expressed in index form, not as a dollar measure.

Our theoretical forecasting framework was based on from standard macroeconomic theory and local urban growth models.  From prior work we had a information about the export industries in the local economy.  These included lumber and wood products, international trade, primary metal manufacturing, military spending, and regional retail and services.  In addition, we believed that basic national economic variables related to monetary conditions, fiscal policy impacts, and the general level of national economic activity should be included.

While economic theory informed our choice about what types of variables to include, practicality added constraints on our modeling.  For a variable to be included it had to be available on a timely basis, either monthly or quarterly.  Data sources had to be reliable and reputable.  In addition, there had to be a high likelihood that the data series would continue in a consistent fashion.  Finally, the data had to be reasonably easy to access.

We had hoped to rely primarily on web-based, established data series.  However, due to the local nature of our model we had to initially construct some variables.  We developed a survey for estimating local bank deposits, a stock index for important local industries, a help-wanted measure from the local newspaper, and a local housing vacancy survey.  Ultimately, these variable were deleted from the model, either because they were inconsistent, too costly to obtain, or were replaced by better measures.

Our initial model included 27 independent variables (see the Appendix for a listing).  Our dependent variable was labeled the Pierce County Economic Index (PCEI).  It was based, as noted above, on survey responses and our judgment about the condition of the economy over the prior ten year period, expressed in quarterly form.  Thus, we had 40 dependent variable data points to fit our Index model.  We arbitrarily selected 1978 as the base year, and calibrated the index to be 100. 

Clearly 27 independent variables and only 40 observations presented a problem for estimating.  In addition, many of the independent variables were highly correlated.  Our solution was to use factor analysis to reduce the number of independent variables.  We used the standard eigenvalue criterion to identify factors to include.


Our factor analysis results were very encouraging.  We identified three factors that were significant.  Moreover, based on the factor loading scores each factor told a story.  One factor represented general (national) economic conditions with heavy loadings for real gross domestic product, money supply, and interest rate measures.  A second factor was clearly related to local labor market conditions with heavy loadings for variables related to the local unemployment rate, growth in the local labor force, and sub-sector employment conditions.  The third factor related to unique local conditions with heavy weightings for variables related to regional trade, lumber and wood product markets, and retailing.


Our first model, then, used the three factors as independent variables to explain the variation in our PCEI dependent variable.  Our regressions for the period from 1975 to 1986 indicated good explanatory power and all three factors had significant estimated coefficients.  The most important (largest coefficient) was the general economic conditions factor followed by the labor market factor and then the unique forces effect.  This was as we hypothesized, since the basic export industries in the local economy were tied to national (and international) markets and Pierce County was a significant exporter of labor to the larger Seattle market.  The labor market factor captured deviations in local performance relative to the national economy.  The unique effects contributed mostly a “commonality” effect.  That is, the unique factor explained the base-line level of performance while the other two factors explained deviations from the base-line.  For a small local economy that is integrated with national and international markets, this is not an unexpected result.

This three factor model provided a way to forecast the PCEI.  The twenty plus independent variable were used to construct the three factors.  The three factors, given the coefficients from the “backcasting” model, were then used to construct a six quarter forecast for the local economy.  We tested our forecasts (and backcasted values) against income data for the local economy, based on the theory that any series purporting to measure total economic activity should exhibit a high degree of correlation with the area’s total and per capita incomes.  A regression of incomes against the PCEI produced high R-square values and a positive (significant) coefficient near one.

A final developmental test was based on a visual inspection for “backcasted” turning points.  We found the model reliably (although not exact) identified business cycle turning points.


The basic three factor model was then used to forecast (and construct) the Pierce County Economic Index, a measure of overall activity (and an indicator of economic well-being) for the county.  The model, following an iterative procedure based on the PCEI forecast levels, was then used to forecast a series of local variables:  civilian labor force, total nonagricultural employment, the local unemployment rate, retail sales in the County (both in nominal and real dollars), per capital and total personal income, and a housing activity index.  Each sub-forecast equation was based on the general PCEI structure and added relevant specific variables.  The housing index was constructed as a weighted average of pending sales and new inventory.  This index, then, measures activity in the single family real estate market, not value or price patterns.  


The forecast horizon was six quarters.  Data were collected at the end of the second quarter and into the early part of the third.  Using the current available and historical data, the model was estimated to find current weights of the factors.  The weights were then used to specify the forecasting equation.  The equation provided quarterly forecasts for the remaining two quarters of the current year and for the four quarters of the following year.

This procedure and technique remained constant through the early 1990s.  Our analysis indicated that the three factor model was no longer providing consistent and reliable forecasts.  The signs on the factors changed from year to year, and the underlying factor loadings were unstable.  Our analysis was that the structure of the local economy had changed significantly.  The traditional export sectors had become much less important as the wood product industry left the area and the manufacturing sector contracted.  At the same time the business service sector became quite important (especially non-depository financial institutions), the health care sector expanded and represented a major export industry, the size of the military increased, and increased activity at the Port of Tacoma made international trade an important element in the local economy.

A new specification of the model indicated that national and regional forces were now the primary explanatory paths for economic activity in Pierce County.  The primary export sectors were now driven by national and international forces, not unique local ones.  The employment base of the economy increased, so exporting labor to the region was less significant.

The new forecasting model, reflecting the new reality, uses a much smaller set of independent variables.  Variables that now provide for a stable and reliable model are primarily related to local conditions (labor market, income, and sales) and to national economic measures (real gross domestic product, money supply, interest rates, and trade activity).  There is no need to reduce the set of independent variables, and the set exhibits less multi-collinearity, so the independent variables are now used directly rather than employing factor analysis.


The current specification of our model is:

PCEI = f(MALABORINDEX, MANWSTOCKINDEX, MARGDP, MA3YRINTRATE, MA3YRINTRATE(-1), DUMMY1990, MACONSTEMP)

where: MA in the variable name means moving average over the prior four quarter.  The independent variables are defined as:

	Variable
	Description

	PCEI
	Pierce County Economic Index

	MALABORINDEX
	Weighted average of civilian labor force and nonagricultural employed, indexed

	MANWSTOCKINDEX
	Davidson 99 stock index (Northwest Stocks)

	MARGDP
	U.S. real gross domestic product

	MA3YRINTRATE
	U.S. Treasury three year bond rate

	MA3YRINTRATE(-1)
	U.S. Treasury three year bond rate, lagged one quarter

	DUMMY1990
	Dummy variable equal to 1 for 1990 and later, 0 otherwise

	MACONSTEMP
	Employment in contract construction


All variables have positive (and significant) coefficients except for the interest rate (MA3YRINTRATE) and contract construction employment (MACONSTEMP).  Even though the lagged interest rate (MA3YRINTRATE(-1)) has a positive sign, it is smaller in magnitude than the unlagged interest rate variable, so the net effect of interest rates is negative.  The 1990 Dummy variable captures what we believe is time a the structural change in the local economy – the change from manufacturing based export economy to one with service based exports and regional trade.

The unexpected sign and effect is for the contract construction variable.  Our working argument is that much contract construction activity is driven by the local public sector (roads, streets, public buildings, bridges, etc.) and changes in the employment level have been immune to local economic conditions.  Indeed, public infrastructure spending has been counter-cyclical for long time period.

Each independent variable is forecasted using a separate recursive linear model.  The particular forms for each recursive regression are dependent on the historical path of the variable and unique features.


The forecasted (estimated) and historical values for the independent variables are entered into the PCEI estimating equation.  The quarterly PCEI estimates are then aggregated to provide the annual values.  PCEI forecasts are presented in percentage change format, since the index levels are arbitrary.


Since this model is used essentially for forecasting purposes, the real measure of success is determined by the relative magnitude of forecasting errors.  The charts below provide annual and quarterly forecasts and actual values over the period from1997 to 2007.  For the PCEI series the base year is 1985 (PCEI = 100).
Pierce County Economic Index

Annual Actual and Forecast Values
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Actual = -22.20 + 1.18* Forecast 


        (t)   (2.61)     (21.45)

 

R2 = .98
F  = 460.1 (p = .00)

The annual PCEI forecasting model works very well, as measured by the both the fit of the equation between forecast and actual values (F statistic) and the amount of variance explained (R2).  The mean absolute percentage error is 0.28%.

The coefficient on the Forecast variable is not statistically different from 1, so the forecast variable tracks Actual as expected.

Pierce County Economic Index

Quarterly Actual and Forecast Values
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Actual = 20.04+ .91* Forecast 


        (t)   (1.41)     (9.89)

 

R2 = .70
F  = 97.9 (p = .00)

While not as good a fit as for the annual values, the quarterly forecast model is quite good.  The coefficient on the Forecast variable is close to 1.  Since the forecasts are built in the third quarter of each year, it is not surprising that the largest errors occur in the first and second quarters of the next year.  The Pierce County economy had been growing quite strongly from 1997 through 2007, so the forecast values have tended to underestimate the actual values, for both the annual and quarterly series.  When the economy grows more slowly, or experiences a downturn, the forecast overestimates the actual.  This problem of error bias is inherent, to some extent, for any model dependent on historical data.

From a theoretical perspective, overall economic activity (heavily dependent on production) and total income should be highly correlated.  The correlation will not be perfect since some income is earned outside of the local economy and some comes from non-earned sources (retirement and transfer payments, primarily).  Nonetheless, we check our forecasts for total economic activity, PCEI, against movements in total and per capita local personal income.  The income data are only available with, at best, a two year lag, so this test is not completely contemporaneous.
Growth in Total Personal income, Per Capita Personal Income and 
Pierce County Economic Index

1997-2006
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Over this time period total personal income grew at an average annual rate of 3.7%, per capita income grew at an annual average rate of 2.1%, and the PCEI grew at an annual average rate of 2.9%.  In only two of the eleven years since 1997 did the PCEI rate of growth fall outside the bounds of per capita and total income growth.  

Past and forecast values of the PCEI variable are used to explore and forecast activity in some major sectors of the local economy.  The dependent variable for each sector is estimated, based on past values, using a recursive regression model.  When appropriate, additional independent variables are entered into specific models.  The output from the sector forecasts are then judged against the forecast values of the PCEI.  We use judgmental adjustments when a forecast variable does not appear to accord with overall direction of the economy.


One of the most important uses and values of a local forecasting model is predicting changes in direction of the economic activity.  The PCEI forecasts are used to predict percent changes in activity.  When the percent change increases, the economy is experiencing accelerating growth; and, when the percent change falls, the activity level is moderating.  The charts below show the predicted and actual changes in the PCEI on an annual and quarterly basis for the period from 1997 through 2007.

Pierce County Economic Index

Quarterly Forecast and Actual Growth Rates
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Of the 43 quarterly rate changes, the model predicted 26 (60%) correctly.  The model does slightly better when growth increases, 13 of 20 (65%) predicted correctly, than when growth decelerates, 13 of 23 (57%) predicted correctly.  Incorrect directional change predictions are not very persistent, with only two runs of three missed predictions, two runs of two quarter sequential missed predictions, and seven single quarter errors in predicted directional change.

Pierce County Economic Index

Annual Forecast and Actual Growth Rates
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The forecasted annual directional changes in growth fit the actual data more closely than the quarterly forecasts.  This is not unexpected, since the quarterly rates are subject to more noise in the data.  At the annual level, errors in forecasting directional change do not appear to exhibit any particular pattern.

One sector subject to forecasting is the local labor market.  We forecast total civilian labor force (not reported here) and nonagricultural employment for the local economy, as well as the local unemployment rate.  The charts below provide annual and quarterly forecast and actual values over the period from1997 to 2007.
Nonagricultural Employment Growth

Quarterly Forecast and Actual
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Nonagricultural employment forecasts were generated from a Box-Jenkins multiplicative, seasonal ARIMA (0,1,0)*(1,1,1) structure.  The fit between the quarterly forecast and actual values is quite good.  The regression equation between forecast and actual is:
Actual = -.82 + 1.12* Forecast 

        (t)   (1.77)     (4.06)


R2 = .85

F  = 105.7 (p = .00) 
The mean absolute percentage error is 0.59%.

The annual forecasts for nonagricultural employment changes also fit the actual values quite well.  The regression equation between forecast and actual is:

Actual = -0.91 +1.14* Forecast 


        (t)   (.75)     (5.52)


R2 = .77
F  = 30.4 (p = .0) 

Nonagricultural Employment Growth

Annual Forecast and Actual
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In the quarterly and annual models, the coefficients for the forecast variable are not significantly different from one and the intercepts are not significantly different from zero.  Both models capture a large percent of the variation in the dependent variable.

The unemployment rate forecasts were generated from a multiplicative, seasonal Box-Jenkins ARIMA (1,1,0)*(1,0,1) structure.  The fit between the quarterly forecast and actual values is quite good.  The regression equation between forecast and actual is:

Actual = -.82 + 1.12* Forecast 


        (t)   (1.77)     (4.06)


R2 = .85
F  = 105.7 (p = .00) 

The mean absolute percentage error is 5.15%.  The constant is not significantly different from zero and the coefficient is not significantly different from one.

Unemployment Rate

Quarterly Actual and Forecast
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The fit between the forecast and actual at the annual level is also very robust.

Unemployment Rate
Annual Actual and Forecast
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The regression equation between forecast and actual is:

Actual = -0.91 +1.14* Forecast 

        (t)   (.75)     (5.52)

 

R2 = .77

F  = 30.4 (p = .00)

The constant is not significantly different from zero and the coefficient is not significantly different from one.


One of the most difficult sectors to forecast is retail sales.  Problems arise due to changing definitions of what is included in the state’s reports on local retail activity.  In part this is due to the fact that the data are based on taxable retail sales, and what is taxable changes over time.  A structural problem occurred when the accounting framework changed from SIC to NAICS designations.  What was included in the retail sector, say compared to the service sector, changed.  The sector itself has undergone significant change:  discount retailer activity has grown in importance, shopping by mail and on the internet has effected local sales, and the changing physical structure and location of stores moves sales into and out of the area.  Not surprisingly, then, these forecasts are not as “good” as for other more stable sectors.  As the charts below indicate, annual forecasts were more accurate than the quarterly values.

The retail sales forecasts were generated from a multiplicative, seasonal Box-Jenkins ARIMA (0,1,1)*(0,1,1) structure.  The fit between the quarterly forecast and actual values is weak.  The regression equation between forecast and actual is:

Actual = 7.45 - .17* Forecast 

        (t)   (4.94)     (.62)


R2 = .01

F  = .39 (p = .54) 

The mean absolute percentage error is 2.71%.

Retail Sales Growth

Quarterly Forecast and Actual
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Although somewhat better, the results from the annual forecast model are also disappointing.  The regression equation between forecast and actual is:

Actual = 9.32 - .53* Forecast 


        (t)   (4.12)     (1.28)


R2 = .15
F  = 1.63 (p = .23) 

Retail Sales Growth

Annual Forecast and Actual

[image: image11]
CONCLUSIONS

While in general aggregate measures of local economic activity, ones similar to national gross domestic product, do not exist, it is possible to create a proxy measure for total local economic activity.  This can be done by integrating judgment and available measures of local sectoral activity into a standard urban model structure.  The biggest challenge will be creating an index series of past activity to use as the basis for forecasting.

Local economies are more often subject to structural change than is the national economy.  Thus, any local aggregate model of local activity needs to be constantly re-evaluated and modified to reflect fundamental changes in structure.  The standard export base and shift-share models can be used to identify needed changes.


Our experience with the Pierce County Economic Index indicates that a model of aggregate local economic activity can be successfully used for short term forecasting.  Especially important at the local level is the ability to predict changes in the direction of local economic activity.  Our model, while not perfect, did provide a relatively robust framework for identifying changes in direction.


Finally, a model of local aggregate activity can then be used to augment sub-sector models.  Many local sub-sector forecasting models can be based on ARIMA type structures.  Easily accessible econometric software makes it possible to estimate these sub-sector models efficaciously.


Our experience indicates that the local business community, governments, and media find local forecasts valuable and informative.  With improvements in computer software and more reliable econometric techniques it should be possible for many smaller urban areas to develop useful forecasting models.
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