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A Simulation Model of the Tayside Macroeconomy in Seven Equations

The TESM Project

Our objective is to construct a mathematical model of Scotland’s economy and produce forecasts within two years. To this end, we propose first to build, calibrate and test a Tayside Economy Simulation Model (TESM), then use it to forecast production, employment growth, etc. for the settlements and rural districts of Angus, Dundee City and Perth & Kinross. During simulation, our forecasts will appear as a moving ‘weather-map’ style display, with user-controlled ‘flyover’ of the region. The system will be suitable for display on interactive websites and in television news programmes. At least six research papers will be produced.

Tayside economy simulation system (prototype for the Scotland economy)

     
                                                                                                              




Using PEST, the Sectors Module will be

calibrated first.

Next, both modules (TESM = Sectors + Areas)

will be calibrated together.

Following critical feedback, TESM will be modified

as needed and a final calibration performed.


TESM will be a dynamic, nonlinear, recursive, computer simulation model of the Tayside regional economy. It will comprise two modules. The first will be ‘Sectors’ to forecast production, employment, investment, etc. initially for up to 17 industries and nine occupations (utilising profitability gap theory). The second will be ‘Areas’ to distribute these totals – and associated populations – across Tayside (utilising competitive strengths theory). The model will be calibrated against historical data using an advanced parameter optimisation algorithm called PEST.

Operation of TESM in day-to-day service then should help to lever funding from sponsors such as the Economic & Social Research Council for the further research and development required to convert this prototype into a Scotland Economy Simulation Model for use in forecasting and policy analysis tasks. Once SESM is built, it will be the only economy-wide model that integrates Scotland’s locational mosaic of demography and business activity (‘Areas’) with the equations simulating her macro- and micro-economic performance (‘Sectors’)

Project Resources

DBS has provided funding to release Colin Richardson from normal SER duties for 1.5 days per week, with Finlay Martin as his Research Assistant for 2.5 days per week. DBS is also seeking two fully-funded M.Phil. candidates supported by a European Social Fund grant. Their thesis research over two years will be keyed directly into helping create TESM/SESM and their ‘White Space’ studentships will pay all fees and carry a modest stipend of £55 per week. UAD/DBS will provide the necessary space, furniture, cabling, computers, network resources, software, and other overheads.

At the University of Abertay Dundee, IC-CAVE is available for advice on creating TESM’s computer visualisation front-end, and Embreonix is available in the event that SESM has sufficiently low forecasting errors to become a viable commercial product. The Scotecon Network (12 Scottish university economics departments) will ‘fast-publish’ the TESM working papers on their website as our results emerge. Several Scottish and Australian academics and university-based institutions have kindly agreed to provide expert comments and criticism as necessary, including the Fraser of Allander Institute (University of Strathclyde), Professor Emeritus Douglas Mair (Heriot-Watt University) and Dr John Doherty (University of Queensland), who created the PEST model calibration software.
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Expected Profit Rate
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Normal Profit Rate
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Profitability Gap
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Investment
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Capital Stock

[image: image6.wmf](1)

o

KKI

d

º-+


(1.6)

Realised Profit Rate
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Interest Bill
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Net Profit
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Debt Stock
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Debt-Equity Ratio

[image: image11.wmf]D

d

KD

º

-


(1.11)

Wage Bill
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Wage Rate
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Employment
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Income
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Income Growth

[image: image16.wmf]1

o

Y

gY

Y

º-


(1.16)

World Oil Price Growth
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Exchange Rate Growth
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Imports
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Consumption
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Real Capital Stock
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Real Capital Stock Growth
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(1.22)

Real Capital Stock per Employee

[image: image23.wmf]r

K

k

L

º


(1.23)

Real Capital Stock per Employee Growth
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Labour Productivity
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Real Income
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Price Index
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Unemployment
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Unemployment Rate
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Productivity Growth
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Price Inflation
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Employment Growth
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Economic Growth
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The names of the seven endogenous variables determined by the Seven Equations are shown in bold type. All barred variables are exogenous. All other variables are defined by identities; these enforce accounting discipline and create compound variables that conventionally appear in macroeconomic cyclical growth models. In economics, identities play a role similar to the conservation laws and equivalence principles of physics. The values of all variables without subscripts are understood to be measured in the current year 
[image: image34.wmf]t

. Those variables having an o-subscript are understood to have been predetermined in year 
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Equilibrium Condition

In order to ensure the model’s logical consistency and mathematical integrity, it must be capable of reaching the classic stationary state equilibrium of a constant capital stock. This is achieved by (a) keeping all nine exogenous variables constant at their initial values as year follows simulated year while (b) forcing the profitability gap to be always zero by adding the dynamic equilibrium condition

Profitability Gap
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to the above list of seven equations and 26 identities. Once the model displays a ‘flatline’ graph of every endogenous variable, indicating that it is mired in a stationary state, equation 1.34 will be removed from the system. Our toy economy then will be free to grow and cycle as it will, just as real-world economies do. (A classic steady state of growth then can be brought on by keeping all nine exogenous variables growing at constant rates for 100 simulated years.)

Equations
The system is ‘just-determined’ as there are equal numbers of equations and unknowns.

The Profit equation shows that the total gross operating surplus available to be shared between all business owners is high (low) when investment, government, export, and visitor expenditures are high (low).

The Expected Profit Rate equation shows that this year’s expectation of profitability by all business owners is higher when recently realised profit rates were high, but lower when recent debt-equity ratios, business taxes and the world price of oil were high … and vice versa.

The Investment equation shows that only replacement investment (
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) will occur when business owners expect a profit rate that merely covers the opportunity cost of expanding their capital stock. If the profitability gap is positive (negative), they will invest more (less) than is needed to keep their capital stock constant.

The Wage Bill equation reflects the empirical fact that total labour income always is a (roughly) constant multiple of total non-labour income (aka gross operating surplus or profit).

The Wage Rate equation shows that when business owners and labour negotiators get together, their starting point is last year’s average wage, which they adjust in the light of the latest available data on price inflation and productivity growth. If last year’s unemployment rate is low (high) and profitability gap is positive (negative), then this year’s wage rate will be larger (smaller) than inflation and productivity together suggest.

The Imports equation [within the square brackets] shows that the value of imports is higher (lower) when Tayside’s aggregate income and/or the world oil price are higher (lower). Also, when the exchange rate depreciates (i.e. a Pound Stirling buys fewer Euros), imports will fall. Conversely, imports rise whenever the currency appreciates. The 
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 parameter [outwith the square

brackets] is the multiple by which total imports exceed international imports, this being due to the preponderance of domestic imports from Rest of UK.

The Labour Productivity equation shows that workers will be more (less) productive the more (less) real capital investment – incorporating the latest technologies – is made by their employers. Also, the mere passage of time means that learning-by-doing and an accumulation of small improvements in organisation, methods, etc. contributes to the growth of labour productivity.
Until the functional forms 
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 are finalised, there are 23 parameters (aka coefficients) and nine exogenous variables in the model.

Parameters
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 is the depreciation rate, whose approximate value range implies an economic life of 5 to 10 years for capital equipment;
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 is the risk premium, part of the opportunity cost of capital that must be recovered (along with interest and depreciation costs) annually over the economic life of any new investment;
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 is the reaction coefficient, a measure of how sensitive entrepreneurs are to changes in the profitability gap that drives their investment expenditure; and
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 is the income shares constant: it is an empirical ‘stylised fact’ that the wage and profit shares of GDP remain roughly constant over all phases of the business cycle, though there is not yet any accepted theory as to why this should be so.


[image: image45.wmf]m

»

3.0 is the multiple of international imports that transforms this number into the value of total (i.e. international plus domestic) imports.

There are a further 18 parameters, one per explanatory variable enclosed by parentheses in the functional forms 
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It is possible that 
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 and/or 
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 will have to be modelled as functions of endogenous variables, or else have their own year subscripts (
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) to allow for small variations in their values over time.

Exogenous Variables
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 is all government expenditures by EU, UK, Scotland, and Councils within Tayside;
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is all Tayside’s ‘domestic exports’, i.e. those destined for Rest of UK;
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is all Tayside’s ‘international exports’, i.e. those destined for Rest of World;
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 is all visitor expenditures within Tayside (including by day-trippers and in-commuters);
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 is all taxes on business within Tayside;
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 is the world price of Brent crude oil;
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 is the ruling commercial interest rate in Tayside;
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 is the working age population plus habitual in-commuters minus habitual out-commuters, aka

          Tayside’s ‘workforce’; and
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 is the ruling UK exchange rate in Euros per Pound Sterling.

Note that 
[image: image59.wmf]2

di

XX

»

, indicating that domestic exports are of great importance to the Tayside economy.

Other Considerations

This model will be realised as an Excel spreadsheet, and the ‘economy’ will operate over a century of simulated historical time to reveal the pattern of recurring business cycles. Because the system is dynamic, nonlinear and recursive it is unlikely that an analytical solution will be found … though that should not stop anyone trying! Because it is a complex systems model, we may find that there is ‘sensitive dependence on initial conditions’, which can lead our toy economy onto chaotic (instead of merely complex) attractors. If so, the ‘cure’ is to confine the most sensitive parameters within safe limits … provided they remain at economically plausible values.

This is only a first draft. Criticisms and other comments are invited, after which the five missing functional forms will be finalised and the Excel realisation of this simulation model programmed. Once it runs successfully using test data, all unknown parameters will be identified using PEST. This software will perform hundreds (perhaps thousands) of model runs, making slight adjustments to our initial guesses at the values of the equation coefficients until it hits a ‘stopping rule’ such as: ‘Stop only when you have minimised the sum of squared differences between the model’s simulated time series and Tayside’s actual outcomes for every year over the 1989 through 2001 calibration period.’ At this point, the model’s optimal parameter set will have been identified, after which forecasts can be made and policy analyses undertaken.

During the forecast period four years of simulated outputs will be matched against real-world data from 2002 through 2005. Forecasting errors will be calculated and compared with those published for competing macroeconomic models.

The Tayside Economy Simulation Model (TESM) may start as a one-commodity toy economy, but our next step will be to expand it into a four-sector model. After that, we plan to progress down through the one-, two-, three-, and perhaps ultimately reach the four-digit level of the Standard Industrial Classification and the Standard Occupational Classification. Thus TESM’s (or, more likely SESM’s) occupation-by-industry matrices may expand from 9x17 to 25x62 to 81x225 to 353x517! This is likely to require modelling software and workstations that are faster and way more sophisticated than the initial Excel/Wintel combination. These will become available when the LifeLab ‘Hive’ is operational. In fact, they are available now in SIMBIOS.

The ‘Areas’ module of TESM will incorporate a geographical information system (GIS) holding a stack of maps representing various important characteristics of Tayside. These will include topological, geological, biological, meteorological, demographic, infrastructural, historic, and cultural features, using polygonal areas in different colour shadings. When the GIS software ‘drills down’ through the mapstack at the co-ordinates of Tayside’s urban settlements and rural districts, each area will be found to be characterised by a different vector of hue-saturation-intensity (HSI) index numbers. These ‘area signature vectors’ will be used to allocate the forecast Tayside totals of economic and demographic variables across the region, with PEST again being used to optimise the parameters of the HSI-based allocation equations. Reallocations across Tayside will occur automatically, each time an updated map version is substituted for the existing version in the digital mapstack.

This treatment is in line with the theory of competitive strengths. No human community can sustain itself economically by the people ‘taking in each other’s washing’. There must be something that initially attracts, then continues to hold, a core population to that particular area. This ‘magnet’ or ‘glue’ is whatever portfolio of competitive strengths is specific to that location, and these can be mapped. The export income generated by core workers typically is spent locally, thus supporting an even larger number of fringe workers and their families in such necessarily local economic activities as retail, schooling, real estate, petrol stations, personal services, and entertainment. If the export-generating power of any locality’s competitive strengths portfolio is reduced, core employment and population will contract and, with it, the fringe as well. (This process seems to be under way in Aberdeen at present, as North Sea oil and gas production winds down.)

Finally, a computer visualisation front-end will be fitted to the model. This will comprise a 3-D base map of Tayside, upon which any user-selected combination of forecast variables can be displayed. For example, as the year-counter increments, one may observe city boundaries widening, villages being depopulated, employment levels increasing, and the geographical pattern of unemployment rates changing. The dynamic and colourful ‘look-and-feel’ will be similar to that of a television weather forecast map as the hour-counter increments.

Geographic Information System (GIS) 





TAYSIDE ECONOMY SIMULATION MODEL





PEST Model Calibration Software





Parameters, exogenous variables, digitised OS maps, etc








� The TESM Project is the Dundee Business School’s initial participation in Abertay’s university-wide complex systems research umbrella, known as “LifeLab”.


� In connection with this TESM Project, my thanks are due to the Carnegie Trust for awarding me a Smaller Grant of £1,300 towards the cost of an economic research visit to Australia, and to the Dundee Business School in the University of Abertay for granting me study leave during January and February 2005.
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