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Abstract
Information about current and forecast levels of tourism and its contribution to the economy is important for policy making by businesses and governments.  Traditional forecasting methods can provide reasonable forecasts in the context of predictable changes.  However, forecasting becomes problematic in the context of both predictable changes and less predictable domestic or international shocks. This paper demonstrates the ways in which an integrated model, combining traditional forecasting methods and quantifiable forecasts from a computable general equilibrium model, can be used to examine combinations of events. The model is applied to Scotland and combines tourism indicators with structural time series forecasting and CGE impact analysis.  Results are provided for changes in exchange rates, income of major origin countries and a positive shock to tourism demand, to demonstrate the integrated model's ability to take account of the multiple events that affect tourism destinations.
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INTEGRATING FORECASTING AND CGE  MODELS:

THE CASE OF TOURISM IN SCOTLAND

1.  Introduction
National tourism organisations can assist tourists and businesses in their decision-making by providing a wide range of information, which they can use to determine their current and future actions. Such information covers the past and current performance of the destination and predicted future trends, which individual businesses might otherwise be unable to obtain (Page and Hall, 2003: 278-9).  The information can help tourism businesses to target high growth markets and to cope with shocks, such as foot and mouth disease or large changes in exchange rates between the domestic and key international markets.  However, easily accessible information about past, current or predicted future tourism activity has not always been available.  For example, as Prideaux et al. (2003) have shown, the information obtained from traditional tourism forecasting methods is of limited reliability in the context of major shocks or multiple changes that occur concurrently. The implication is that a broader approach to tourism analysis and forecasting is required, bringing together different methods of examining the future.

The aim of this paper is to build on the suggestions made by Prideaux et al. by providing a broader, integrated approach for examining and forecasting tourism.  This paper will provide a model that combines analysis of the current situation of tourism in the economy with approaches for examining and forecasting the future.  A comprehensive set of tourism indicators is developed to depict the current situation.  Major tourism drivers, included in the indicators, are also included in a structural time series model for forecasting the future.  The forecasts are, in turn, fed into a computable general equilibrium (CGE) model that can take account of a broad range of variables and events that impact on tourism and the wider economy.  Hence, the model integrates different methodologies in order to provide information about the current situation of tourism in the economy, along with forecasts relating to alternative future scenarios.

The integrated model has been developed and applied to the case of tourism in Scotland (Blake et al., 2004).  It is used for tourism analysis and policy making by VisitScotland, the organisation responsible for advising the Scottish Executive (government) about strategic tourism policy formation and for informing and engaging with private businesses. It is important that the information available to VisitScotland is as accurate, timely and easy to interpret as possible, as both businesses and government organisations incorporate the information into their own plans.  The model was, therefore, developed to facilitate ease of use, as well as to provide comprehensive information relating to past trends, the current situation and future forecasts, which users can access via the internet.  

The following sections of the paper will explain the different components of the integrated model and the ways in which it can be used for tourism analysis and forecasting.  Section two of the paper will examine the tourism indicators that have been developed to provide a comprehensive context of tourism in Scotland.  These include the past trends and current and predicted performance of tourism in Scotland.  Section three will explain the structural time series model that is used to forecast tourism demand from the domestic and international markets.  Section four will explain the CGE model that is used for examining the impacts of the changes in tourism demand, as well as of different types of policies and shocks, on all sectors of the Scottish economy.  Each of the sections will include key references that are pertinent to the type of modelling under consideration.  Section five will demonstrate the ways in which the integrated model can be used for both forecasting and scenario modelling by providing a range of results for tourism in Scotland.  Section six will conclude.

2. Explaining the Context of Tourism in Scotland - Tourism Indicators

National tourism organisations have become aware of the need for comprehensive and easily accessible information about the context of tourism, including current and past performance and future forecasts.  The information can assist businesses and government bodies to update plans and strategies regularly, without needing undertake individual searches for the required data.  Thus, national tourism organisations in a range of countries now publish indicators of tourism activity.  Perhaps the most well known are the National Tourism Indicators provided by the Canadian Tourism Commission and Statistics Canada.
 Additional information is provided in Canadian Tourism Facts and Figures, which cover the volume and value of tourism in the economy, the origins and destinations of tourists and the activities in which they participate. Tourism indicators are also provided for other countries, including Australia and New Zealand, as well as a range of sub-national states, such as British Columbia, Nova Scotia, Vancouver, Florida and Mississippi.

The National Tourism Indicators for Canada constitute an important basis for the development of the set of tourism indicators for Scotland. They are in book format, with around 30 pages of tables, graphs and text. Data are mainly time series, on a quarterly and annual basis, and cover tourism demand by domestic residents and non-residents, tourism supply, prices, gross domestic product (GDP), employment, receipts and payments on the travel account of the balance of payments. The indicators provide a large and useful source of data about tourism but have not included results obtained from modelling or policy scenarios for the future, which can be important for business strategy formulation. Moreover, they are particularly useful as a source of reference, rather than a rapidly digested overview of tourism and related activities in Canada. The indicators provided by other tourism organisations across the world generally cover subsets of the detailed information provided for Canada and do not include results obtained from tourism modelling or policy scenarios for the future
.

The tourism indicators developed for Scotland and discussed in this paper provide a broad range of information about tourism and related activities, including the past and current context and also predicted future values, in a concise and quickly interpretable form.  The process of developing the indicators commenced in 2003, when the availability and reliability of a wide range of possible indicators of tourism in Scotland were examined.  After detailed examination, tourism indicators were developed under five categories: Scottish tourism indicators, domestic tourism indicators, domestic market trends, international tourism indicators and tourism sector indicators.  The set of indicators for each of the categories is provided as a page of text, numbers, graphs and charts, as illustrated in Figure 1.

The first of the five sets of tourism indicators for Scotland, depicted in Figure 1, is concerned with painting the current picture of tourism in Scotland, along with the recent past.  The data show the contribution of tourism in terms of the income and employment that it generates, as well as other indicators such as expenditure, inflation, visits to attractions and the weather.  The accompanying software that has been developed allows for easy updating, so that when new data are entered, the numbers in the tables, text and graphs update automatically.  
The second set of indicators, for domestic tourism, includes a table of data for domestic tourism expenditure and its drivers, disposable income, the base rate of interest and house prices.  Graphs are also provided to illustrate the growth of domestic expenditure and trips over time, and domestic trips by purpose of visit.  The third set of indicators, for domestic market trends, include a table of data for trips to Scotland by age group, over time, as well as figures depicting Scotland’s share of total UK spending and the origins of domestic tourism in Scotland by region.  The fourth set of indicators, relating to international tourism, include spending on tourism, the numbers of trips, their yield and the major drivers of international tourism demand – exchange rates for major origins, GDP growth in major origins, inflation rates and the growth of air traffic. The fifth set is concerned with tourist spending on major tourism-related sectors: accommodation, restaurants, recreation and attractions, transport, retail services and other goods and services.  The income and employment that such spending generates is also provided.  The latter results are derived from economic modelling and are presented in a format that is compatible with the provision of Tourism Satellite Accounts for Scotland.  The indicators are accompanied by textual commentary and some forecasts of the future.  Underpinning the indicators is a large and easily accessible set of tables including longer time series of data for each of the variables included in the indicators, which VisitScotland uses for additional research purposes.

The indicators clearly show that despite terrorism and the changes in the world economy, total tourism receipts in Scotland have been increasing over recent years, with a growth rate of 9% in 2002 and around 3.5% in 2003.  The data also show that tourism makes an important contribution to the Scottish economy of around 4.6% of total GDP and 1.3% of total employment in 2003.  Accommodation and transport are the most important sectors in terms of revenue generation, with contributions of 21% and 22%, respectively.  However, in terms of employment generation, hotels and restaurants are the second most important sector with a contribution of 25%, after accommodation which provides 35%.  The main purpose of visits is leisure trips, with 66% of the total number of trips. Visits to friends and relatives account for 17% of trips in 2003, while business trips and trips for other purposes account for 15% and 2.2%, respectively.   

Tourism in Scotland is fuelled mainly by domestic tourism, which provided 82% of total tourism receipts in 2003. Scotland itself is the largest source of domestic tourism, representing 49% of domestic tourism.  Northern England and the rest of England account for 19% and 32% of domestic tourism respectively. The USA is the major source of international tourism, with 29% of international tourism receipts. The main sources of European tourists are Germany (7%) and France (5%).  A broad range of other information is also available in the indicators, which will be publicly available on the web and are updated by VisitScotland on a quarterly basis. 

A key point about the indicators is that unlike tourism indicators for other countries, they form part of a larger, integrated model for tourism, as depicted in Figure 2.  Thus, key drivers of tourism that are included in the indicators are included in a linked structural equations tourism forecasting model.  The results from the forecasting model are then fed into a CGE model that quantifies the effects of the tourism forecasts on a range of macroeconomic variables for Scotland, as well as on every sector of the economy. The results for the income and employment generated by the modelling are included in the indicators.  By this means, each component of the overall model is fully integrated with the others.  The forecasting component of the model will be discussed in the following section.

3.  Tourism Forecasting using Structural Time Series Modelling 
Previous approaches to tourism forecasting can be divided into two main categories.  The first involves qualitative approaches, such as the Delphi technique and scenario models, reviewed at an early stage by Archer (1976).  The second involves the quantitative approaches that can be sub-divided into econometric models and time series models (Witt and Martin, 1989a). In the former case, the forecasts are defined by economic relationships between the forecast variable and the variables upon which it depends, such as exchange rates, relative prices and the income levels of origin markets.  In the latter case, the models involve some type of time series forecasting method, such as moving average, exponential or adaptive trend curve analysis, or the Box-Jenkins univariate method.  Econometric forecasting models have the advantage of demonstrating the extent to which forecasts change as a result of changes in the variables that act as economic drivers of tourism (Lim, 1997; Song and Witt, 2000; Song et al., 2003). 

Econometric models are useful for providing forecasts based on relatively stable and predictable long run relationships between tourism demand and its drivers.  An econometric model was used to forecast tourism demand for Scotland as policy makers are interested in the extent to which tourism demand changes as the result of changes in the destination's competitiveness relative to other countries and also as the result of changes in income levels in key origin countries. In addition, after the forecasting equation has been estimated, policy makers can use the model to examine 'what if?' scenarios by including alternative values for the price, exchange rate and income variables included in the equation and estimating the value of tourism demand that would occur under a range of alternative circumstances. Non-econometric types of model were not used as they do not provide this option for assisting policy formation.
The type of econometric model that was used was structural time series modelling. This type of modelling has an established tradition of providing forecasts of tourism demand at both the sub-national and national levels (for example, Clewer et al., 1990; González and Moral, 1996; Greenidge, 2001; Papatheodorou and Song, 2003).  In his pioneering work, Harvey (1989:93-95) pointed out that it is well suited to forecasting based on time series data involving both trend and seasonality. It takes account of the effects on tourism demand of the key economic drivers of demand, seasonal changes in demand and intervention variables for one-off events such as major unanticipated changes in exchange rates, political changes or sporting events.  It allows for fixed or stochastic components for seasonality and also permits alternative error specifications to be tested. The model allows for decomposition of the error components of the trend into the level and slope components, providing insights into the degree to which changes occur over time. The model also allows the level and slope components to be fixed or to change stochastically, according to the circumstances under consideration. Thus the structural equations forecasting model that was used provides the flexibility of options that was relevant to the case under consideration.
The general form of the equation that was used to forecast tourism demand in Scotland includes standard explanatory variables for income, prices and exchange rates (for example, González and Moral, 1995; Greenidge, 2001) and is given by:
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Tourism contributed 38,000 jobs, in terms of full-time equivalents, in the same period.

Total expenditure by domestic and international tourists amounted to £1,608 million.
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where 
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 is the endogenous variable that may be either the log of the number of arrivals or  the log of tourism spending depending on the purpose of the model, 
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 represents the autoregressive process of the model, allowing the regression to explain changes from the trend, so long as 
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 are the logs of the real effective exchange rate
 of the currency of the incoming tourist with respect to domestic currency (sterling in the case of Scotland) and with respect to the currency of the competing destination respectively. The real exchange rates are included to take account of the changes in the nominal exchange rates and the changes in relative prices between different origins and Scotland, as well as for competing destinations.  Transport costs were not included owing to the multiple nature of the costs and lack of availability of the relevant data. The term 
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 represents the seasonal component, for which alternative specifications were considered, such as seasonal dummies, fixed trigonometric and stochastic trigonometric. Proietti (2000) shows that the specification of the seasonal component is likely to affect the predictive performance of the model and should be chosen depending on the degree of smoothness of the seasonal pattern. In the case of Scotland, in terms of the prediction error variance, the specification that showed systematically better results for all the countries was the fixed trigonometric seasonal specification where, for quarterly data, 
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.  Kim and Moosa (2001) also found that models based on deterministic seasonal components generate forecasts superior to those in which seasonality is treated as stochastic. The terms 
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Structural time series models can take account of the intercept and trend considering stochastic or fixed levels and stochastic or fixed slope components:
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where  
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 is the stochastic level component and 
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 is the slope component. In the presence of level and slope components, substituting equation (3) into equation (2) we obtain that 
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 and substituting the latter equation into equation (1), the model can be rewritten as: 
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After testing alternative specifications, as explained below, it was found that neither the slope nor the level was appropriate for forecasting for Scotland. Therefore, the final model specification remained as:
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The decision whether to include each of the components in the model for Scotland was based on a range of criteria.  The effects of the components were examined, for a range of model specifications, in terms of tests for normality (using the Bowman-Shenton statistic), homoskedasticity (the ratio of the squares of the last h residuals to the squares of the first h residuals, where h is set to the closest integer of T/3 and follows an F distribution with (h,h) degrees of freedom) and serial correlation (using Box-Ljung Q-statistic), the significance of the component (t-test) and its contribution towards error specification in relative terms with respect to existing components (q-ratio). The goodness of fit and the accuracy of the forecasting were also considered. Variations in the goodness of fit were measured using the prediction error variance and two different ratios with respect to alternative models, one relating to a random walk plus drift (Rd2) and the other relating to a random walk plus drift and fixed seasonal components (Rs2).  From the set of models that passed the previous step, the final model selection was undertaken according to the accuracy of the prediction of the last five years (using the
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post-sample predictive test).

The possible inclusion of slope and level components was investigated. The results showed that the slope components were not significant for any of the major origin countries considered.  The level components were significant for some countries and passed the first step, while the results showed that the stochastic level component failed the prediction tests.  The fixed level component had reasonable predictive power.  However, the constant rate of growth for the time series which it imposes because of the past growth behaviour of the series resulted in forecasts that were unrealistically high, especially over long-run. Consequently, the model selected (equation 5) omitted slope and level components. This model was estimated using STAMP 6.0 software (Koopman et al., 2000,  reviewed by Hallahan, 2003). The results of the estimation are shown in Tables 1 and 2.
The results in the tables were estimated using 99 quarterly observations for each origin country, for the period from the first quarter of 1979 until the third quarter of 2003 (except for Italy and Spain, for which the period was from the first quarter of 1980 until the third quarter of 2003).  The results show that most of the coefficients of the variables are significant and of the expected signs. In most of the cases where the signs are contrary to expectations, the variable is insignificant. The most significant explanatory variable for all the countries considered is the level of GDP, whereas in terms of price, the two countries that display most sensitivity are Canada and France. The diagnostic tests of normality, heteroskedasticity and autocorrelation provide general support for the model specification. These tests, together with appropriate values of goodness of fit, provide support for the models. The out of sample forecasting performance of the models, using the predicted future values of the explanatory variables provided by the Royal Bank of Scotland and the OECD, seemed superior to those of the other specifications of the structural time series model that were tested. 
The model is used to provide forecasts of tourism demand in Scotland from domestic residents and from the main international markets for Scotland, namely France, Germany, Italy, the Netherlands, Spain, Canada and the USA.  Both arrivals and expenditure are considered, as each has somewhat different impacts on and implications for the destination, so that information about both is useful.  The forecasts are based on long runs of quarterly data and can be provided for periods ranging from the following quarter to periods of up to 30 years ahead, although the confidence limits relating to longer run periods are notably wider than those for the short run. The types of results that the forecasting component of the integrated model provides are given in section 5, following the explanation of the CGE component of the integrated model.

4.  Quantifying Tourism Scenarios for Scotland - the CGE Model
A further model was developed to provide additional forecasts of possible but, in some cases, less predictable events that cannot be taken into account by more traditional forecasting models. Typically, scenario models have been used as qualitative forecasting methods (Schwartz, 1991).  However, businesses and government departments also require information about the magnitudes of the changes that may result from alternative scenarios, as well as their impacts on different sectors of the economy.  For this reason, a computable general equilibrium (CGE) model of tourism in the Scottish economy was developed.  CGE models have a well established record of providing detailed estimates of the effects of a range of actual or possible tourism-related events on economies (for example, Adams and Parmenter, 1995; Dwyer et al, 2000).  They are also well suited to examining the effects on tourism of major shocks such as terrorism (Blake and Sinclair, 2003) or foot and mouth disease (Blake et al., 2003). They can quantify the effects of policy changes, such as changes in value added tax or air passenger duty, as well as of a range of optimistic and pessimistic scenarios relating to the future of the economy. 

CGE models include the entire range of sectors in the economy, covering primary and secondary activities as well as services, and are able to take full account of the interrelationships that occur between all of the sectors.  They are able to trace the effects of changes in non-tourism activities on tourism-related sectors, as well as the effects of changes in tourism on the remainder of the economy.  They quantify the macroeconomic impacts of alternative scenarios on income, employment, welfare, the balance of trade and government revenue, as well as on individual sectors of the economy. 

The CGE model that was developed for Scotland includes 82 industries and 82 corresponding commodities.  These include the tourism-related sectors of large hotels, small hotels, bed and breakfast establishments and guesthouses, self-catering accommodation, caravans and camping, restaurants and catering, transport, recreational services and retail distribution. Within the model, industries pay factors of production in return for factor services, pay taxes and purchase intermediate inputs. Labour is mobile between sectors but capital is specific to the sector in which it is employed. Labour (in total) and capital in each sector is not fixed in supply, as the ‘open’ nature of the Scottish economy allows changes in wages (and rental rates of capital) to induce changes in the supply of factors in Scotland. Exports and imports occur for each of the 82 commodities (except where data show these flows to be zero) and are modelled separately for trade with the rest of the UK and the rest of the world. Scotland faces exogenous world prices and imported products are differentiated according to region of origin. Exports are differentiated from goods produced for domestic use. 
Particular attention is paid to the accurate representation of tourism demand and different types of tourism expenditure are considered - by tourists originating within Scotland, from the rest of the UK, international tourists and day visitors. Domestic tourism and tourism from the rest of the UK can be modelled independently, in total, by purpose of visit, by type of transport used or by type of accommodation used. International tourism can be modelled in total, by purpose of visit, by type of transport used, by country of origin or by region of origin. The (over 50) equations that were used in the CGE model are given in Blake (2004) and a summary of the model is provided in Appendix 1.  The way in which the integrated model can be used in practice will be considered in the following section.

5.  Using the Integrated Model – Changes in Exchange Rates, Income and a Positive Shock to Tourism Demand
In complex real world situations, a range of 'predictable' and 'unpredictable' events affecting tourism destinations can occur within the same short run period, as Prideaux et al. (2003) have shown.  For example, tourism demand may be affected by both changes in exchange rates and terrorist actions. Such changes are exemplified by the changes in exchange rates and income that have occurred in Scotland's major international markets, the USA and EU countries. During 2003, the dollar depreciated by 21% relative to sterling, while the exchange rate between sterling and the euro altered by only 1%.  At the same time, income levels in both markets have continued to grow. The ‘predictable’ component of tourism demand can be forecast using estimates of future exchange rates, relative price levels and income in the forecasting model. The CGE model can be used, in conjunction, to estimate the effects of ‘unpredictable’ events on tourism-related sectors in Scotland, as well as on the rest of the economy. The following analysis will show the ways in which the integrated model can be used to do this.

The initial stage of the analysis involves the use of the structural equations forecasting model to estimate the effects on tourism demand of predicted changes in income, relative prices and exchange rates between Scotland and its major origin markets. A benchmark is, first, established against which such effects can be measured.  In the case of Scotland, the benchmark for 2005 was established by forecasting the values of tourist arrivals and spending that would occur if there were zero changes in GDP and real effective exchange rates (the nominal exchange rate divided by relative prices) and no internal or external shocks to tourism demand. The tourism forecasts generated using the structural time series model are, first, the benchmark forecasts which only show the effects of time trends and seasonal variables; second, forecasts based on predicted changes in the income (gross domestic product) of the origin countries; third, forecasts based on changes in the effective exchange rates between Scotland and the origin countries; fourth, forecasts based on changes in the effective exchange rate between Scotland and the Eurozone; and, finally, forecasts generated by including the changes in the effective exchange rates and income (termed combined forecasts).  Income and price forecasts are available for 2003-05 from the OECD (2003) and exchange rate forecasts are from the Royal Bank of Scotland (2004). The results in Table 3 show the benchmark forecasts and the combined forecasts for arrivals and expenditure by international tourists in Scotland (with further detailed forecasts provided in Table 4 below).

The results in the table clearly show the importance of considering the markets for tourism in Scotland on a country-by-country basis, as residents of different countries display significant differences in behaviour.  For example, for Germany, falls of 0.7% in arrivals and 2.3% in expenditure are forecast, compared with respective increases of 5.5% and 6.1% in France and 2.6% and 2.4% in the Netherlands. Spain demonstrates high increases, partly relating to the high growth of Spanish GDP. Expenditure by Italian tourists is forecast to rise by more than arrivals in percentage terms, while the opposite occurs in the case of the US tourists, as tourist arrivals show positive growth of 4.7% while expenditure remains approximately constant. 

The forecasts of tourist arrivals and expenditure in the different countries, given in Table 3, can be explained further by decomposing the combined effects into the separate effects arising from the changes in income, prices and nominal exchange rates for the countries.  These are illustrated for the cases of the US and France in Table 4. In the benchmark case of zero changes in income and effective exchange rates, arrivals from the US are forecast to grow by an average 5.7% per annum and expenditure by 7.6% per annum. Changes in US GDP that are forecast by the OECD would increase arrivals by 8.6% and expenditure by 13% above the benchmark. Changes in the effective exchange rate between the dollar and sterling (termed own prices in the table) would lead to falls in arrivals of 4.5% and expenditure of 14%, largely because sterling is expected to continue to appreciate against the dollar. Changes in the effective exchange rate between the dollar and the euro (termed substitute prices in the table) would, on their own, increase arrivals by 1% and expenditure by 3.2% above benchmark values, largely because of the expectation of the continued fall of the dollar relative to the euro during 2004. The effect of the benchmark plus all three of these effects, labelled “Forecast 2005”, is the forecast used in the integrated model. This has an average annual growth rate of 7.3% in arrivals and 7.6% in expenditure. The combined increase in arrivals relative to the benchmark is 4.7% and expenditure is approximately constant.

In the case of France, tourist arrivals (expenditure) are forecast to increase by 3.7% (3.4%) in the benchmark case. Increases in French GDP would increase demand by a further 3.8% (3.4%), while appreciation of sterling relative to the euro would reduce demand by 4.5% (4.7%) and appreciation of the exchange rate of the substitute destination, Spain, would increase demand for Scotland by 6.2% (7.7%). The annual growth rate in arrivals is 5.8%, with expenditure growing by 5.5%. The changes relative to the benchmark are 5.5% and 6.1% respectively. 

The decomposition of the forecast into the benchmark values, the forecasts resulting from the additional effects of the changes in GDP and the forecasts resulting from the changes in the effective exchange rates is useful in explaining the underlying causes of the combined forecasts of tourism demand. For example, in the case of the US, it is clear that the increase in GDP is the main driver of the increases in demand in percentage terms.  Moreover, expenditure increases more than arrivals, as US residents gain more income.  The appreciation of the exchange rate of the substitute destination, represented by the euro, also generates considerable increases in the numbers of arrivals and an even greater increase in the value of expenditure in Scotland. However, the depreciation of the dollar relative to sterling results in considerable offsetting decreases in arrivals and expenditure, in both percentage and absolute terms. This indicates that US tourists are likely to continue to visit Scotland but to spend less if the dollar is weak against sterling, rather than being deterred from visiting Scotland. The fact that the forecasts show growth in both arrivals and expenditure in a period in which sterling is expected to continue to appreciate against the dollar demonstrates the importance of considering the effects of both the growth of the US economy and the changes in exchange rates.  The case of France differs from that of the US in that the changes in GDP in France result in changes in arrivals and expenditure that are similar in percentage terms, as do the changes in effective exchange rates.

In the next stage of the integrated modelling process, the forecasts of tourism demand are fed into the CGE model for Scotland.  The results show the impacts of each of the forecast changes in demand on macroeconomic variables and on different sectors of the Scottish economy, notably on tourism-related sectors. The effects of the benchmark and combined forecasts of total international tourist expenditure are provided in Tables 5 and 6. The results for the US forecasts with the same decomposition used in Table 4 are shown in Tables 7 and 8. The forecast changes in spending by international tourists would increase GDP to £34.3 million and would lead to 3,737 additional full-time equivalent (FTE) jobs.  The UK government would receive £58.3 million in tax revenues, a figure that is not included in (Scottish) GDP or welfare in these tables.

The additional spending by US visitors that is forecast would increase GDP to £6.3 million and would lead to 677 additional full-time equivalent (FTE) jobs. The results in Tables 7 and 8 demonstrate that the model can be used to examine the macroeconomic and sector impacts of each component of the forecast. The effects of the benchmark plus own price effects (third column) can be compared with the effects of the benchmark to obtain the effects on GDP, welfare, employment and government revenues of the dollar’s appreciation against sterling.  The forecast levels of exchange rate appreciation would lead to the reduction of Scottish GDP of £4.4 million (6.3 minus 1.9). Table 8 allows the impacts of the components to be estimated by sector. 

The CGE model can also measure macroeconomic effects of exogenous shocks in tourism demand under different sets of assumptions regarding the likely time scale of such impacts. These assumptions (short-run, medium-run and long-run) rely primarily on different assumptions of labour market adjustment, in terms of, first, the ability for labour to move between sectors (sluggish in the short-run, but mobile in the medium- and long-run), second, the change in unemployment in response to real wage changes (a Phillips curve relationship in the short-run, but fixed levels of unemployment in the medium- and long-run) and, third, the response of labour migration between Scotland and the rest of the UK (unresponsive in the short- and medium-run, changes in migration in the long-run). In addition, capital is more mobile between Scotland and the rest of the UK in the medium- and long-run set of assumptions than in the short-run, and consumers and producers are more able to change their consumption and use of goods in the longer-run assumptions.

Tables 9 and 10 illustrate the effects of a positive shock that increases total tourism demand for Scotland by 10% (£449 million, based on 2002 values). This additional spending would raise GDP by between £25.3 to £53.1 million, lead to 3,326 to 4,455 more FTE jobs and an additional £76 to £83 million in tax revenue for the UK government. The changes in welfare indicate how much better off Scotland would be from this demand rise, and show that the additional tourism demand is equivalent to giving Scotland between £29 to £40 million. 

As a final point, it is useful to note that the integrated model is operationalised by newly developed software that prioritises the provision of user-friendly interfaces. For example, the interface provides for easy selection of the markets and time periods for which the structural equations forecasts are provided, as well as for changes in relative prices, exchange rates and income. Similarly, the interface for the CGE component of the model permits the user to select alternative values for the changes in tourism demand, for different types of tourists from different origins, using different forms of transportation or accommodation and for different time periods. A Microsoft Excel interface allows scenarios to be solved using specialist software (Brooke et al. 1988, Rutherford 1994) without specialist programming knowledge. This enables both specialists and non-specialists to use the model to estimate the effects of their differing hypotheses about the range of alternative scenarios that may occur.

6.  Conclusions

This paper has shown that different modelling approaches for explaining and forecasting tourism demand and tourism-related shocks can be complementary. Indeed, different approaches can be combined within a larger integrated model, as in the case of the integrated indicators, forecasting and CGE model for Scotland. The wide range of information provided by different modelling approaches within the integrated model is useful for businesses which have diverse needs, as well as for government departments which have differing remits. Thus, businesses and government organisations need not be limited to a single approach for providing the information that they require, but can take advantage of an integrated model.

The structural equations forecasting component of the integrated model is useful for quantifying the separate effects of changes in key drivers of tourism demand – relative prices, exchange rates and income – as well as of their combined effect. Thus, although other types of forecasting model could have been used, the structural equations forecasting approach provides policy makers with a practical tool. In particular, it enables users to estimate the effects on tourism demand of different assumptions about the possible future values of these variables, helping them to gauge whether the likely magnitude of such effects is sufficiently large to merit a policy response.  The CGE model is particularly useful for quantifying the macroeconomic and sector effects of changes in tourism demand, or of alternative possible scenarios for the economy. By examining tourism in the context of other economic sectors, the model indicates the central role that tourism plays in the economy.  A by-product is, therefore, to raise the profile of tourism within government.  


The type of integrated modelling and forecasting of tourism that has been discussed in this paper is not limited to Scotland but can be applied to other destinations.  It is a useful tool for tourism management, providing a wide range of information for private businesses and the public sector, relating to the multitude of events that occur in complex real world situations.  
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Appendix 1.  CGE Model Structure

The model structure is a single-country CGE model. The defining factor of any CGE model is that of simultaneous market clearing; 82 product and 83 factor markets are identified and modelled, and prices adjust in each market to ensure that demand equals supply. This means that interactions between markets lead to the need for simultaneous solution of the entire economic system. The model is solved in the Mathematical Programming System for General Equilibrium (MPSGE) language (Rutherford 1994) using Generalised Algebraic Modelling System (GAMS) software (Brooke et al. 1998).

Model equations consist of two general types: accounting relationships such as market equilibrium equations for each commodity and factor of production and income-expenditure equations for each production sector, private consumers and the government; and behavioural equations such as production functions and utility functions. These behavioural functions are drawn from the constant elasticity of substitution (CES) family of equations that allow a parameter to control the degree of substitution possibilities between inputs. Second order equations (not shown here) are derived from these relationships that ensure that producers are profit maximizing and that consumers are utility maximizing.
Production Sectors

Production functions are defined as
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Equation 1 shows that output 
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 is a Leontief fixed-coefficient function of value added and intermediate inputs of each good 
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, each of which are in turn CES functions of inputs. Value added uses labour inputs 
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 govern the production behaviour of industries. The elasticity of substitution between labour and capital is given by the elasticity 
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, which is the percentage change in relative quantities of labour and capital demanded by firms as a response to a 1% change in relative wage rates. 
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 is a similar elasticity of substitution between different sources of intermediate inputs. 
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Each industry has a constraint (equation 2) that shows that post-tax revenues must equal total costs, where normal operating profits are accounted for in returns to capital 
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Factor Markets

Equations 3 and 4 describe equilibrium in the two factor markets, equating total supply with demand. Total labour supply 
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 equals the sum of labour demand across all sectors 
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. In the case of capital, which is sector specific, the supply of capital 
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Equations 5 and 6 describe the supply conditions for the factors of production. Labour supply 
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 changes in response to the real wage rate 
[image: image72.wmf](

)

cpi

w

 according to a fixed elasticity of supply 
[image: image73.wmf]L

l

, which can be set to different values depending on the time-horizon envisaged in the scenario. Similarly, the elasticity of capital supply in each sector 
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Note that 
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 and 
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 are the benchmark level of labour and sector-specific capital supply. It is possible to change these parameters to examine the impacts of supply shifts, for instance, the impact of an expansion in capital in accommodation sectors.
Export and Domestic Markets

Domestic production is allocated to export and domestic markets according to a CET function:
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 is a calibrated share coefficient. Under conditions where the revenue received for all production equals the revenue from each market,
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Tourism Demand

Equation 9 uses a constant elasticity of demand function to give tourism demand:
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where 
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 is the price elasticity of demand for tourism by category. 
[image: image93.wmf]i

C

 is a parameter equal to the base level of tourism demand, except where tourism demand shocks are introduced into the modelling system by means of changing this parameter. 
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 is a composite price of goods and services used by each type of tourism. Domestic tourists are concerned with how this price changes relative to a general consumer price index 
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. Foreign tourists are concerned with how their composite price changes relative to a real exchange rate 
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. Note that although tourists from the rest of the UK do not need to change currencies, a real exchange rate exists between Scotland and the rest of the UK.

Model Closure – the 'regional' Economy

The equations shown above do not completely define the CGE model. Other equations that are not shown here account for household and government incomes, private consumption behaviour, as well as the operation of investment, imports and exports and the balance of payments. 
A group of further assumptions that are often grouped under the term ‘model closure’ must be defined in any CGE model, and have been chosen to reflect the 'regional' nature of the Scottish economy. These include: (i) the government’s demand for goods and services in Scotland is fixed in real terms; (ii) any change in government revenue minus the cost of its spending in Scotland accrues to the UK government; (iii) all other transfers, savings and investment with the rest of the world and the rest of the UK are fixed; the trade balance of Scotland must, therefore, change whenever government revenues change. (iv) apart from tourism exports, Scotland is a small economy in relation to its export markets, facing fixed world prices both outside and within the UK; (v) private savings are a fixed proportion of private household income; and (vi) investment is driven by the level of savings.

	Table 1: Results for Tourist Arrivals using the Structural Equations Forecasting Model


	
	
	
	
	
	
	
	

	
	Canada
	France
	Germany
	Italy
	Netherlands
	Spain
	USA

	
	
	
	
	
	
	
	

	Estimated coefficients of explanatory variables
	
	
	

	ln GDP
	0.7519
	0.7997
	0.8238
	0.7202
	0.8380
	0.7297
	0.7133

	
	(0.004)
	(0.007)
	(0.008)
	(0.016)
	(0.009)
	(0.017)
	(0.003)

	ln RER
	-0.6675
	-1.2827
	-0.8612
	-0.2396
	0.1856
	1.0400
	-0.4887

	
	(0.273)
	(0.425)
	(0.356)
	(0.588)
	(0.437)
	(0.842)
	(0.325)

	ln RERCD
	0.7592
	1.6952
	-1.3855
	-0.5795
	0.3210
	-2.7280
	0.2476

	
	(0.269)
	(0.691)
	(1.170)
	(0.900)
	(1.455)
	(1.387)
	(0.241)

	
	
	
	
	
	
	
	

	Estimated coefficients of final state vector
	
	
	
	

	AR(1)
	-0.4686
	-0.2959
	0.1537
	-0.5958
	0.0754
	0.1345
	-0.1095

	
	(0.064)
	(0.101)
	(0.072)
	(0.123)
	(0.145)
	(0.140)
	(0.053)

	Seasonal1
	-0.7194
	-0.4410
	-0.6482
	-0.8805
	-0.5667
	-0.3940
	-0.8400

	
	(0.050)
	(0.074)
	(0.045)
	(0.078)
	(0.070)
	(0.084)
	(0.035)

	Seasonal2
	0.3234
	0.0593
	0.1849
	-0.2916
	0.1142
	-0.3830
	0.2653

	
	(0.050)
	(0.074)
	(0.045)
	(0.078)
	(0.070)
	(0.084)
	(0.035)

	Seasonal3
	0.7068
	0.8606
	1.0132
	1.6560
	0.9735
	1.2151
	0.8095

	
	(0.050)
	(0.074)
	(0.045)
	(0.078)
	(0.070)
	(0.083)
	(0.035)

	
	
	
	
	
	
	
	

	Diagnostic tests
	
	
	
	
	
	

	Normality
	7.7075
	1.6759
	2.4986
	0.1719
	16.067
	9.8583
	14.233

	H(33)
	1.0094
	0.6312
	0.7802
	1.0179
	0.8676
	0.4203
	0.5726

	DW
	2.0117
	2.0019
	2.1767
	2.1162
	2.05
	2.2087
	2.0144

	
	
	
	
	
	
	
	

	Goodness of fit
	
	
	
	
	
	

	Prediction error variance
	0.0792
	0.1825
	0.0811
	0.2194
	0.1697
	0.2902
	0.0456

	Rd2
	0.8974
	0.8198
	0.9241
	0.9149
	0.8535
	0.8307
	0.9437

	Rs2
	0.5025
	0.4561
	0.3556
	0.3773
	0.4433
	0.2975
	0.3981

	
	
	
	
	
	
	
	

	Note: Standard errors shown in parentheses


	Table 2: Results for Tourist Expenditure using the Structural Equations Forecasting Model

	
	
	
	
	
	
	
	

	
	Canada
	France
	Germany
	Italy
	Netherlands
	Spain
	USA

	
	
	
	
	
	
	
	

	Estimated coefficients of explanatory variables
	
	
	

	ln GDP
	0.6929
	0.6909
	0.7410
	0.6298
	0.7218
	0.6393
	0.7133

	
	(0.009)
	(0.007)
	(0.014)
	(0.028)
	(0.013)
	(0.019)
	(0.003)

	ln RER
	   -1.2514
	-1.3729
	-0.8670
	-1.0674
	0.2803
	0.2813
	-0.4887

	
	(0.547)
	(0.412)
	(0.615)
	(1.019)
	(0.625)
	(0.979)
	(0.325)

	ln RERCD
	1.1075
	2.0582
	-4.4826
	-0.6841
	0.1372
	-3.734
	0.2475

	
	(0.536)
	(0.670)
	(2.028)
	(1.546)
	(2.092)
	(1.640)
	(0.241)

	
	
	
	
	
	
	
	

	Estimated coefficients of final state vector
	
	
	
	

	AR(1)
	-0.5066
	-0.0332
	0.7430
	-0.8747
	0.3393
	0.3138
	-0.1095

	
	(0.112)
	(0.104)
	(0.120)
	(0.200)
	(0.217)
	(0.180)
	(0.053)

	Seasonal1
	-0.8130
	-0.5535
	-0.8654
	-0.9846
	-0.7806
	-0.5637
	-0.8400

	
	(0.075)
	(0.080)
	(0.068)
	(0.112)
	(0.116)
	(0.128)
	(0.035)

	Seasonal2
	0.3285
	-0.0442
	0.2626
	-0.2710
	0.2120
	-0.3846
	0.2653

	
	(0.075)
	(0.080)
	(0.068)
	(0.113)
	(0.117)
	(0.129)
	(0.035)

	Seasonal3
	  0.7769
	0.9998
	1.1637
	1.7152
	1.0658
	1.3195
	0.8095

	
	(0.075)
	(0.080)
	(0.068)
	(0.112)
	(0.116)
	(0.128)
	(0.035)

	
	
	
	
	
	
	
	

	Diagnostic tests
	
	
	
	
	
	

	Normality
	3.117
	0.043
	1.056
	3.576
	35.739
	19.909
	14.233

	H(33)
	 0.658
	0.798
	0.955
	0.977
	0.661
	0.668
	0.572

	DW
	   2.043
	2.030
	2.155
	2.202
	2.038
	2.143
	2.014

	
	
	
	
	
	
	
	

	Goodness of fit
	
	
	
	
	
	

	Prediction error variance
	   0.204
	0.201
	0.196
	0.493
	0.431
	0.597
	0.045

	Rd2
	0.810
	0.840
	0.871
	0.841
	0.774
	0.749
	0.943

	Rs2
	0.394
	0.524
	0.282
	0.324
	0.500
	0.367
	0.398

	
	
	
	
	
	
	
	

	Note: Standard errors shown in parentheses


Table 3: Forecasting Model Results
	
	Arrivals (‘000)
	
	Expenditure (£million)

	
	Benchmark
(no changes)
	Forecast
	
	Benchmark
(no changes)
	Forecast

	
	
	
	
	
	

	France
	126.5
	133.5
	
	43.9
	46.6

	
	
	5.5%
	
	
	6.1%

	
	
	
	
	
	

	Germany
	184.9
	183.5
	
	80.6
	78.8

	
	
	-0.7%
	
	
	-2.3%

	
	
	
	
	
	

	Italy
	70.8
	73.1
	
	34.5
	37.9

	
	
	3.2%
	
	
	9.9%

	
	
	
	
	
	

	Netherlands 
	80.8
	83.0
	
	34.3
	35.2

	
	
	2.6%
	
	
	2.4%

	
	
	
	
	
	

	Spain
	89.3
	106.1
	
	52.6
	69.1

	
	
	18.8%
	
	
	31.2%

	
	
	
	
	
	

	USA
	455.8
	477.2
	
	293.6
	293.0

	
	
	4.7%
	
	
	-0.2%

	
	
	
	
	
	

	Total 
	1,924.9
	2,044.6
	
	952.1
	101.6

	International
	
	6.2%
	
	
	6.7%

	
	
	
	
	
	


Table 4: Forecasting Model Results with Compositional Detail (USA and France)

	
	United States
	
	France

	
	Arrivals (‘000)
	Expenditure (£million)
	
	Arrivals (‘000)
	Expenditure (£million)

	Total 2002
	386.5
	236.2
	
	124.4
	40.2

	Benchmark 2005 (no changes)
	455.8
	293.6
	
	126.6
	43.9

	2002-2005 annual growth rate


	5.7%


	7.6%


	
	3.7%
	3.4%



	Only GDP changes

Change from benchmark


	495.2

8.6%
	332.0

13.0%
	
	131.4

3.8%
	45.4

3.4%

	Only own price changes

Change from benchmark


	435.1

-4.5%
	252.5

-14.0%
	
	120.9

-4.5%
	41.8

-4.7%

	Only substitute price changes

Change from benchmark


	460.4

1.0%
	302.9

3.2%
	
	134.5

6.2%
	47.3

7.7%

	Forecast 2005

Change from benchmark

2002-2005 annual growth rate


	477.2

4.7%

7.3%
	293.0

-0.2%

7.6%
	
	133.5

5.5%

5.8%
	46.6

6.1%

5.5%


Table 5: Macroeconomic Effects of Forecasted Changes to International Tourism Demand 

	
	
	Benchmark
	Forecast

	GDP
	(£ million)
	29.7
	34.3

	Welfare
	(£ million)
	23.1
	26.7

	Employment (FTE jobs)
	(FTE jobs)
	3,240
	3,737

	Government revenue
	(£ million)
	50.5
	58.3

	
	
	
	

	International Tourism expenditure
	(£ million)
	272.5
	314.2

	Total Tourism expenditure
	(£ million)
	272.5
	314.2


Table 6: Changes in Employment in Tourism Related Sectors (FTE jobs)

	
	All Countries Benchmark
	All Countries  Forecast

	Large Hotels
	1,021
	1,177

	Small Hotels
	422
	487

	B&B and Guest Houses
	387
	447

	Self Catering
	195
	225

	Caravan And Camping
	224
	258

	Restaurants Etc
	1,614
	1,861

	Railways
	29
	34

	Other Land Transport
	185
	214

	Sea and Air transport
	-21
	-24

	Transport Services
	9
	11

	Recreational Services
	154
	178

	Retail Distribution
	682
	786

	All accommodation sectors
	2,249
	2,594

	All tourism-related sectors
	4,901
	5,654

	Total whole economy
	3,240
	3,737


Table 7: Macroeconomic Effects of U.S. Forecasts and Components

	
	
	U.S. bench-mark (BM)
	BM plus GDP
	BM plus own price
	BM plus subst-itute price
	U.S. Fore-cast

	GDP
	(£ million)
	6.3
	10.4
	1.9
	7.3
	6.3

	Welfare
	(£ million)
	4.9
	8.1
	1.5
	5.7
	4.9

	Employment (FTE jobs)
	(FTE jobs)
	684
	1,139
	198
	795
	677

	Government revenue
	(£ million)
	10.7
	17.8
	3.1
	12.4
	10.6

	International Tourism expenditure
	(£ million)
	57.4
	95.8
	16.3
	66.7
	56.8


Table 8: Changes in FTE Employment in Tourism-Related Sectors (FTE jobs)

	
	U.S. benchmark (BM)
	BM plus GDP
	BM plus own price
	BM plus substitute price
	U.S. Forecast

	Large Hotels
	215
	359
	61
	250
	213

	Small Hotels
	89
	148
	25
	103
	88

	B&B and Guest Houses
	82
	136
	23
	95
	81

	Self Catering
	41
	68
	12
	48
	41

	Caravan And Camping
	47
	79
	14
	55
	47

	Restaurants Etc
	340
	567
	97
	395
	336

	Railways
	6
	10
	2
	7
	6

	Other Land Transport
	39
	65
	11
	45
	39

	Sea and Air transport
	-4
	-7
	-1
	-5
	-4

	Transport Services
	2
	3
	1
	2
	2

	Recreational Services
	33
	54
	9
	38
	32

	Retail Distribution
	144
	240
	41
	167
	142

	All accommodation sectors
	474
	790
	135
	551
	470

	All tourism-related sectors
	1,034
	1,722
	295
	1,200
	1,023

	Total whole economy
	684
	1139
	198
	795
	677


Table 9: Macroeconomic Effects of a 10% Increase in Tourism Spending

	
	
	Short-run
	Medium-run
	Long-run

	GDP
	(£ million)
	25.3
	53.1
	42.6

	Welfare
	(£ million)
	28.7
	40.5
	30.9

	Employment (FTE jobs)
	(FTE jobs)
	3,326
	4,455
	4,266

	Government revenue
	(£ million)
	83.2
	82.4
	76.1

	Domestic Tourism expenditure
	(£ million)
	137.6
	137.6
	137.6

	Rest of UK Tourism expenditure
	(£ million)
	230.7
	230.7
	230.7

	International Tourism expenditure
	(£ million)
	80.6
	80.6
	80.6

	Domestic plus Rest of UK Tourism expenditure
	(£ million)
	368.3
	368.3
	368.3

	Total Tourism expenditure
	(£ million)
	448.9
	448.9
	448.9


Table 10: Effects of a 10% Increase in Tourism Spending on FTE Employment by Sector

	
	Short-run
	Medium-run
	Long-run

	Large Hotels
	1,190
	1,248
	1,252

	Small Hotels
	480
	514
	518

	B&B and Guest Houses
	441
	471
	475

	Self Catering
	229
	239
	240

	Caravan And Camping
	251
	272
	275

	Restaurants Etc
	1,939
	2,081
	2,101

	Railways
	121
	125
	125

	Other Land Transport
	777
	851
	866

	Sea and Air transport
	7
	15
	16

	Transport Services
	321
	335
	331

	Recreational Services
	596
	672
	689

	Retail Distribution
	373
	495
	483

	All accommodation sectors
	2,591
	2,744
	2,760

	All tourism-related sectors
	6,725
	7,318
	7,371

	Total whole economy
	3,326
	4,455
	4,266


Figure 1: Example of Scottish Tourism Indicators Output
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Figure 2: The Integrated Model
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� The views expressed in this paper are those of the authors and do not necessarily reflect the views and policies of the Asian Development Bank, or the Board of Governors or the governments they represent.


� See http://www.statcan.ca/english/sdds/1910.htm.


� See for example, British Columbia (� HYPERLINK "http://www.hellobc.com" ��http://www.hellobc.com�), Australian Bureau of Statistics (� HYPERLINK "http://www.abs.gov.au/" ��http://www.abs.gov.au/�) and New Zealand (� HYPERLINK "http://www.trcnz.govt.nz" ��http://www.trcnz.govt.nz�).


� The real effective exchange rate is the nominal exchange rate deflated by relative prices. For example, the effective exchange rate for sterling in terms of US dollars per pound is (CPIUK. ERUK)/CPIUSA.
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