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Abstract

This paper is concerned with the road and rail freight rates in the South African Transport Industry. Rates are a difficult subject. There is more frankness about the costing procedures that underlie the rates and about the kind of percentage mark-ups that are involved in different types of movement. A based 1998 “Social Accounting Matrix (SAM)”was constructed and ORANI-JL, a General Equilibrium Model of the South African Economy was developed based on the generic ver​sion of the model, ORANI-G, which is designed for expository purposes and for adaptation to other countries. ORANI applied general equilibrium (AGE) model of the Australian economy was preferred because it has been widely used by academics and by economists in the government and private sectors. 

Our description of the model's equa​tions and database is closely integrated with an explanation of how the model is solved using the GEMPACK system to discover the influence of the road and rail freight in the South African Economy. The result of modeling impacts of a 5% general tax decrease is presented in this paper.

JEL Classifications: C68, D58, L92

Keywords: Simulating, general taxes, freight rates, freight forwarders, rail and road freight, Computable General Equilibrium modeling.

1. INTRODUCTION

Rates are the most important single factor influencing companies’ decisions on choice of transport mode. In order to study the effects of rates on corporate freight movements, it is necessary to discuss transport operations with numbers of industry. A general study of what the latter require from transport services, similar to that produced by the British Ministry of Transport,
 would be very interesting but impossible in the time available. A number of individual firms was interviewed and we did investigate what their transport needs are, how well they are served and to what extent rate structures affect their freight movements.

The organizations have been drawn from a variety of industries in an attempt to obtain a broad view of the situation. Although some companies based in rural areas are included, there is a strong blast towards the province of Gauteng ones due to the obvious reasons of time and convenience. However, as many of the organizations studied are national distributors, the location of their Head Offices should not influence their transport requirements unduly.

Investigating a number of companies in the same industry would highlight any differences due to location, but would reduce the scope of this research. It has therefore been assumed that companies of similar size in the same industry are influenced by virtually identical factors.

Most of these findings were collected by personal interview of a very unstructured nature. A certain amount of direct questioning was necessary to obtain information on company operations and transport arrangements, but by encouraging company personnel to talk freely on the thinking behind the latter, important factors came to light. The use of a more formal research method, such as a questionnaire, would limit the information received because questions relevant to one company may not be to another and there is little scope for the informant to offer personal views or company philosophy.

The number of cases investigated was also limited by the time available and also by the sometimes prolonged efforts needed to obtain information. 

Generally speaking, companies approached were willing to discuss their transport needs, but some shyed away from making specific data public. Unless sufficient background is available, there is little point in publishing findings as others cannot benefit without being able to compare their situation with that of the company under discussion. The industries covered are far from exhaustive, but hopefully cover a reasonable range. There is perhaps a slight bias towards domestic retailing, but this is a very interesting area because of the effects that the trend towards larger stores and fewer companies has had on distribution in general and transport in particular.

It seems likely that freight forwarders will be of increasing importance in transport operations. Their move into the distribution field has relieved several companies of problems in this area, so there is no reason that the trend should not continue. To carry the concept of total distribution to its logical conclusion, the freight forwarders should be able to offer a door-to-door service anywhere in South Africa.

The paper is structured as follows.  Section 2 introduces the case study in the context of the paper, followed by the setting up of the model in Section 3. Section 4 contains the treatment of the tax in the model and its simulation. Section 5 discusses results, and Section 6 offers conclusions.
2. CASE OF MOTOR FORD COMPANY IN SOUTH AFRICA

2.1. INTRODUCTION

In the majority of cases, rate is the most important single factor influencing companies’ decisions on choice of transport mode. However, there are occasions when other considerations carry more weight, of these, incidence of damage is probably the most important, which road having considerable advantage over rail in the area. In the case of Ford Motor company in South Africa, the mode offering the lowest rates will not necessarily give the lowest total distribution cost because of differences in handling requirements, inventory levels and packaging. Although there are some problems in using total distribution cost, a detailed calculation can only be made with the aid of a computer. Large companies that are able to negotiate rates with the transport industry obtain a considerable advantage over their smaller competitors. Among some companies, Ford South Africa is able to dictate its own terms.

Because of this, companies are very secretive about the rates they pay for transport. Due to the size of the South African market, it is difficult to reap maximum plant economies of scale, so transport become an important area where costs can be pared by large organizations
.

2.2. GOODS’ MOVEMENTS

Since Ford is generally a larger user than its suppliers are manufacturers, it has a better bargaining base for transport. It therefore undertakes to arrange all transport of components from suppliers as well as moving nationally manufactured item and completed vehicle. Thus Ford’s goods’ movements fall into two categories: material movements from suppliers and manufacturing plant to the assembly plants and the shipment of built-up vehicles from the latter to customers. The approximate volumes of those movements are shown in Table 1. The small amount of material moved to Eastern Cape province is to supply a reactivation plant, which replaces any parts damaged whilst completed vehicles are in transit from the Eastern Cape.

2.3. METHOD OF TRANSPORT 

Volume moving by each of road, rail and air are shown in Table 1. An accurate breakdown by mode of goods moving between two provinces is not possible because of fluctuations due to specific requirements.

In general, about 70 rail trucks per day are moved between the manufacturing and assembly plants, but varying amounts are carried by road in Ford’s own vehicles. The latter are also used within other metropolitan areas. In most cases, the company negotiates its rates with the South African Railways or carriers; its only commitment to freight forwarders at present is the moving of between five and eight containers a day between Eastern Cape and Gauteng. Air freight is occasionally used if components are required urgently.

2.4. CHOICE OF MODE
Ford’s choice of mode is made on the basis of total distribution cost. For each mode, the company costs the whole physical distribution system from point of manufacture until the goods are loaded ready for line haul.  

Table 1: Ford Motor Company- Full year 1998 of Built-up Vehicles

DESTINATION

	       Eastern Cape Plant
  
	Gauteng


	Other Provinces
	TOTAL



	Road                        

Rail                      

Air                       

Total                    
	2, 512

6, 584

   526


9, 622
	43,448

42,074

   6,391


91,913
	45,960

48,658

   6,917


101,535


Source: Motor Ford SA

Figure 1: Freight by destination from the Eastern Cape Plant to Gauteng and other provinces
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Quotations are then obtained from railways and road operators and added to the above to obtain total distribution costs for each mode. The cheaper one is then selected. Thus the lower line haul rate is not necessarily the mode chosen. For example, rail is usually cheaper than road for line haul, but may require sufficient extra packaging or handling to erase this advantage.

The regularity of the service is also taken into account, as the more services there are, the smaller the stock that has to be held. With this in mind, Ford also calculates the optimum frequency of service and the quantities required in each order. Into these is also added a safety margin to cover fluctuations in demand and any other unexpected contingencies. Thus the total cost in required inventory becomes very significant in the choice of transport mode.

However, there are certain factors that may over-ride these calculations in decision-making. For example, one advantage of road is that goods may be sent at any size lots. Thus, even though the bulk of plants movements are by rail, considerable volumes also travel by road. Because of the economies of production runs, it is not always possible for the exact part needed to be ready when the train leaves, so road transport has to be used if delivery is urgent. Some seeming anomalies in vehicle shipments can be similarly explained. Although the majority of movements are by rail, road is extensively utilized for the reverse journey. The reason for this is that Ford employ road carriers to move completed vehicles from plants to all provinces of South Africa because they are cheaper than rail, but have to send them on into Gauteng to collect vehicles for back loading. In general, rail is the better mode where back loading is not available, as users do not have to pay for the return of empty wagons.

It is interesting to note that the vast majority of movements within a province are by road, despite the fact that from Ford’s point of view door-to-door delivery of a vehicle with no intermediate handling has obvious advantages.

The choice of mode can be affected by the availability of suitable railway rolling stock. At present, old, open-top wagons are used, but Ford is hoping to persuade the railways to introduce new, enclosed, high-cube wagons, 75 feet long and able to stack three pallets high instead of the present two. Three savings would accrue from this: forklift trucks instead of the present two could do investment flexibility, loading and unloading by forklifts would be quicker; packaging costs would be reduced – there would be less risk of damage with enclosed wagons, particularly as rust caused by rail would be eliminated. Such wagons would initially be used between Eastern Cape and KwaZulu-Natal, but in future, all movements out of Eastern Cape could be rail instead of road and Ford would not have to employ freight forwarder for its Pietermarisburg deliveries. Although road is at present used more than rail, the introduction of such rolling stock could shift the balance considerably.

Regarding the transport costs, when the sums being spent on moving significant volumes are considerable, the company is able to negotiate contracts with the railways and road operators, which would be likely to offer very favorable rates.

2.5. ANALYSIS

Theoretically Ford approaches its transport arrangements in a highly scientific way and should be attaining optimal allocation of resources. However, there are several problems in this approach, of which the company is no doubt aware. The most significant of these is the measurement of costs required in the calculation of total distribution cost. It is difficult to understand the concept of a plant closure “costing R8, 000 to R12,000 per minute”, and on a more basic level, exactly what does warehousing, for example, “cost” a company? Although it is probably highly impractical, factors such as alternative uses of funds should be considered. If rail is used, it is likely that larger inventories will be held. As discussed above, this would have been considered in the calculation of total distribution cots, so that by having a larger investment in stocks, savings could be made in distribution costs. However, if the capital so employed could be invested elsewhere at a return high enough to cancel out the transportation cost differential, then suing the more expensive mode of transport would give better allocation of total resources. Such calculations are not being proposed as feasible alternative to the present method because their obvious practical difficulties, but the theory does emphasize that complete reliance on a concept such as total distribution cost is not advisable. There may be circumstances where exogenous factors outweigh the result of theoretical calculations.

Ford is a good example of the power a large company wields in the transport industry. The company is almost able to dictate its own terms, even to the extent of suggesting new types of rolling stock to the railways. It would be one of the few companies that arranges transport from its suppliers, but considerable cost savings can obviously be realized. Such arrangements also allow Ford a greater degree of control over their component manufactures which is necessary in a fast-moving, production line operation which faces huge losses if work is interrupted because of stock shortages.

3. SETTING OF THE MODEL

A CGE model is an economy-wide model that includes feedback between demand, income and production structure, and where all prices adjust until decisions made in production are consistent with decisions made in demand (Naudé & Brixen, 1993a). It considers the economy as a complete system of interdependent components (industries, investors, households, governments, importers and exporters). It explicitly recognizes that economic shocks impacting on any one component can have repercussions throughout the system and that accounting for these repercussions may be essential in assessing the shocks – even on the components upon which they impact initially (Naudé & Brixen, 1993b).

The ORANI-JL adapted from the ORANI-G model is a static computable general equilibrium model of the South African economy based closely on the Australian ORANI-G model
. It is a model of the economy in a single period, designed for comparative static analysis of the effect of the policy changes on the economy in that period. ORANI-JL disaggregates the economy into:

· 15 single commodity producing industries;

· 15 related industries;

· 2 household categories; 

· 3 labour occupations; and

· 4 margin commodities

Due to the size of ORANI-JL, a complete description falls outside the scope of the present paper. However, for a more complete description
, see Horidge (1997). Because of our focus on tax issues, some comments on the modelling of taxes in the ORANI-JL may be appropriate.

4. SIMULATING A 5% REDUCTION IN GENERAL TAXES

In order to simulate a tax decrease in the ORANI-G framework we need to investigate and understand the tax equations of the model as well as identify the relevant variable to apply the shock to. For this purpose we revert to the documentation of Mark Horridge, “ORANI-G: A Generic Single-Country Computable General Equilibrium Model”, Centre of Policy Studies and Impact Project, Monash University, Australia, 1997.

Excerpt 23 from the ORANI-G (Horridge, 1999) contains default rules for setting sales-tax rates for pro​ducers, investors, households, and government. Sales taxes are treated as ad valorem on basic values, with the sales-tax variables in the linearised model being percentage changes in the powers of the taxes. Each equation allows the changes in the relevant tax rates to be commodity-specific or user-specific. To simulate more complex patterns of tax changes, we would omit or modify these equations.


! Excerpt 23 of TABLO input file: !

! Tax rate equations !

Variable

f1tax_csi    # Uniform % change in powers of taxes on intermediate usage #;

f2tax_csi    # Uniform % change in powers of taxes on investment #;

f3tax_cs     # Uniform % change in powers of taxes on household usage #;

f4tax_ntrad  # Uniform % change in powers of taxes on nontradtnl exports #;

f4tax_trad   # Uniform % change in powers of taxes on tradtnl exports #;

f5tax_cs     # Uniform % change in powers of taxes on government usage #;

(all,c,COM)  f0tax_s(c)      # General sales tax shifter #;

Equation

E_t1  # Power of tax on sales to intermediate #

  (all,c,COM)(all,s,SRC)(all,i,IND)  t1(c,s,i)  = f0tax_s(c) + f1tax_csi;

E_t2  # Power of tax on sales to investment #

  (all,c,COM)(all,s,SRC)(all,i,IND)  t2(c,s,i)  = f0tax_s(c) + f2tax_csi;

E_t3  # Power of tax on sales to households #

  (all,c,COM)(all,s,SRC)             t3(c,s)    = f0tax_s(c) + f3tax_cs;

E_t4A # Power of tax on sales to individual exports #

  (all,c,TRADEXP)                    t4(c)      = f0tax_s(c) + f4tax_trad;

E_t4B # Power of tax on sales to Collective exports #

  (all,c,NTRADEXP)                   t4(c)      = f0tax_s(c) + f4tax_ntrad;

E_t5  # Power of tax on sales to government #

  (all,c,COM)(all,s,SRC)             t5(c,s)    = f0tax_s(c) + f5tax_cs;



4.1 CLOSURE

We used a short-run closure: capital and land usage in each industry are fixed while labour is everywhere in elastic supply at fixed real wages. Constant real wages in the short-run closure determine employment. 

On the national expenditure side, real consumption, real aggregate investment, and real government consumption are fixed. Also it allocates fixed national investment across industries following endogenously determined rates of return (ROR). 

Foreign currency prices of imports are naturally exogenous and the exchange rate is fixed as numeraire. Population is also held constant. There are other exogenous variables in this closure such as changes in rate of production tax, technology, price and quantity shift variables. 

4.2 SHOCK 

We shocked the variable f3tax_cs by –5% which allows us to simulate the effects of a 5% reduction in tax rates of households, and the economy-wide effects thereof
. 

4.3 MODELLING IMPACTS OF A 5% GENERAL TAX DECREASE

The main mechanism, through which the effect of the tax increase will be transmitted for the purpose of this simulation is the variable that allows a shock to be applied as a uniform % change in powers of taxes on household usage (f3tax_cs). In normal simulations this variable is exogenous, and can therefore be shocked with changing the standard closure. This allows us to simulate the effects of a 5% reduction in tax rates of households, and the economy-wide effects thereof.
The other relevant variable to keep in mind in a simulation like this would be real private consumption expenditure (x3toth), as any gains or losses due to a tax increase / decrease would influence this variable directly. Based on the current closure applied (DPSV shortrun closure) real private consumption expenditure is treated as exogenous for the short run – implying that nominal private consumption expenditure would just adjust with the inflation changes in order to have no real effect.
5. RESULTS INTERPRETATION
It would be informative to obtain a prior expectation of the macroeconomic effects of the road and rail freight rates before examining the simulation results. A stylized model proposed by Adams (2003) is used for this purpose. The stylized model represents a single- country and allows for exogenous changes in the position of foreign demand schedules for exports and foreign supply schedules for imports and allows changes in the global rate of return on capital. This model is representative of a model such as ORANI (Adams, 2003) as described by De Wet (2003). 

Decrease in tax on household usage should decrease the cost of skilled and informal sector labour (variable factors of production) if the terms of the trade remain unchanged or decreases. This result also follows from the assumption that real wages are fixed in the short run. Simulation results indicate that the balance of trade is indeed positive. It is therefore clear that the price of the variable factor of production will decrease as a result of the tax reduction.

The decrease in the price ratio between the price of the variable factor of production and that of the fixed factor of production implies that the quantity of the variable factor that is employed will increase. 

The increase in the use of variable factors of production will result in an increase in gross domestic product (GDP) at factor costs. The effect of the rise in GDP at market prices on the demand side aggregates is a function of the closure assumptions and the terms of trade. The nominal exchange rate is fixed by assumption, therefore the fall in terms of trade will result in an increase in the trade balance. 

The prior expectations are confirmed by the simulations results. Table 2 reflects the actual results from the CGE simulation. As expected, gross domestic product, exports and employment increase. Because skilled labour is fixed by assumption, the increase in employment represents an increase in the use of unskilled and informal sector labour in the production process. The prices of capital, land, and skilled labour fall. The terms of trade decreases, which is the result of a fall in the price of exports. The fall in the terms of trade results in an increase in exports. The increase in exports allows the trade balance to increase. The impacts of this simulation on various macro-economic variables are listed in the table 2.
Table 2: Impact on selected macro-economic variables
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Real GDP 1.4341

Total Employment 2.7245

Average Real Wage Rates 0.0000

Real Domestic Consumption 0.0000

Consumer Price Effect -6.2682

Government Consumption 0.0000

Export Volumes (FOB) 5.1457

Export Price Index -0.9985

Import Volumes (CIF) -0.2781

Import Price Index 0.0000

Balance of Trade as % of GDP (Nominal) 0.0123

Real Exchange Rate 0.0000


Suppose the initial level of GDP is X and the initial growth rate g percent. The new level of GDP without the intervention would have been X(1+g). Assume that in terms of GDP, the CGE result is g. The new level of GDP after the implementation of the Transport restructuring productivity increase is thus X(1+g)(1+g). The new growth rate can then be determined as:
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Essentially, the new GDP growth rate is the sum of the initial growth and the change in the growth rate plus their product. In other words, instead of for example GDP growth of say 2.5 percent over a period of 3 years we can now expect GDP growth of 
2.5% + (1.4341%) + 2.5% x (1.04341%) = 3.97%.
Intuitively one would expect a positive impact on both GDP and employment, as is the case in the above results (GDP increased by 1.43 % and employment by 2.7%). However, the fact that import volumes decline while consumer products become relatively cheaper and households effectively can spend more while employment increases and general price levels (CPI) decreases, is counter-intuitive. Historical econometric analysis shows that the South African economy is very import intensive, and one would therefore expect imports to increase in the event that consumer. The comment remains that this result is probably due to Armington elasticities in the model’s database that have been set to 2 for all sectors due to lack of data from the first source. These (and other coefficients) in the model need to be calibrated based on existing and further research before this model’s results can be applied in an applied policy environment.
As expected based on the short run closure, there is no change in the real domestic consumption expenditure. One may think of changing this assumption for a simulation relating to tax rates, for such a change would in all probably lead to a change in domestic expenditure in the short term, especially for middle and lower income households. However, we do not analyse such a scenario in this case. 
If one assumed for the moment that these current results are plausible, then the tax decrease could have a relatively large impact on GDP and employment. 
6. STRUCTURAL SECTORAL RESULTS
For the purposes of this analysis the following variables on a 15-sector level of detail are listed in Table 3. There are clear “winners and losers” in this kind of simulation results, and it is not surprising that the industries that are closely linked to the transport industries are the “winners”, while those industries that are not linked to the transport industries are the “losers”.  
Table 3: Decrease in general price levels via 5% Tax decrease- Comparative results 

	Sector
	Fixed Real Wages-Inflation adjusts

	
	Price Impacts
	Productivity Impacts through Technology Coefficient
	Sector Output or Value Added/GDP
	Employment Impacts
	Import Volume Impacts

	AgriForFis_I

MiniQuar_I

Manufac_I

ElecGasWt_I

Construct_I

WholeRet_I

FinancServ_I

CommServ_I

GovAdmin_I

LandPass _I

AirPass_I

RailFreigh_I

RoadFreigh_I

Other_I

Telecom_I
	-0.0914

-0.5697

-1.0902

-0.3567

-2.9734

-2.9759

-2.6104

-3.4485

-5.1315

-2.0478

-1.7653

-2.4927

-24006

-3.4334

-0.8717
	0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
	1.4250

3.2174

2.6227

1.4261

0.1185

1.3916

1.1044

1.6303

0.0000

1.6123

1.4053

2.3604

2.2614

1.8186

1.2441
	5.2182

6.8567

5.5179

4.7881

0.1938

2.7504

3.0317

2.0892

0.0000

3.7713

3.7831

3.7108

3.8955

2.7223

4.2820
	1.8455

1.6416

-0.1535

0.0000

-5.6381

-4.9049

-3.4734

-5.1661

0.0000

-2.1573

-1.7651

-1.4296

-1.4096

-3.0574

-0.3145


A reduction in price levels via a five percent reduction in taxes causes the prices to fall in all sectors.  With fixed exchange rate as a numeraire, domestically produced goods become cheaper and increase their demand in foreign markets.  As expected, imports in most sectors decline excepting agricultural (1.8) and mining (1.6) sectors.  In the former sector, the rise can be attributed to factors such as drought, while in the mining sectors the rise in imports results from the fact that mining products are processed overseas and then imported into South Africa.  Household demand is mixed across all income categories, being largely positive for services sectors and negative for primary and secondary sectors.  The rise in export is largely responsible for increased output, which is made possible by a rise in labor demand.  

	Sector
	Fixed Real Wages-Inflation adjusts

	
	Export Volume Impacts
	Household demand impacts-Total
	Household demand impacts- Low income
	Household demand impacts-Middle & High Income

	AgriForFis_I

MiniQuar_I

Manufac_I

ElecGasWt_I

Construct_I

WholeRet_I

FinancServ_I

CommServ_I

GovAdmin_I

LandPass _I

AirPass_I

RailFreigh_I

RoadFreigh_I

Other_I

Telecom_I
	0.8352

3.2310

5.9038

2.1597

17.1645

20.1613

14.0202

19.8536

0.0000

11.0076

9.4468

13.5242

12.9923

19.0832

4.6603
	-0.4777

-0.3556

-0.2265

-0.4058

-2.0734

0.5300

0.2522

0.5637

-2.0734

0.0587

-0.0216

0.0772

0.0606

0.2777

-0.2778
	-0.4291

-0.3271

-0.1730

-0.3433

-2.0361

0.5853

0.3183

0.6292

-2.0361

0.1160

0.0349

0.1305

0.1140

0.3338

-0.2215
	-0.5074

-0.4057

-0.2519

-0.4218

-2.1106

0.5046

0.2382

0.5484

-2.1106

0.0363

-0.0446

0.0508

0.0344

0.2537

-0.3003


7. CONCLUSION 

As has been stressed throughout this paper, it is difficult to draw any valid conclusions on rates, simply because we not only do not know what the vast majority of them are, but also they may vary between customers over the same route. 

However, when the choice between using company-owned vehicles and outside contractors is being considered, economics are the sole criterion. The only unusual facet of this decision is that it is done in the long-term so that comparisons of internal costs and industry rates are less frequent than normal.

It seems likely that freight forwarders will be of increasing importance in transport operations. Their move into the distribution field has relieved several companies of problems in this area, so there is no reason that the trend should not continue, particularly for companies that require inter-province warehousing facilities. 

To carry the concept of total distribution to its logical conclusion, the freight forwarders should be able to offer a door-to-door service anywhere in South Africa. This would require liaison with the railways for inter-province as well as movements within a specific province. Such an arrangement should be beneficial to the railways as well as users, as terminal facilities, handling and so on would be left to the forwarders, so radically reducing the railways’ capital expenditure.

This attempt at modelling the decrease in a general tax rate should be viewed as a cursory investigation only. In order to be in a position to evaluate this question in a more thorough fashion would require more research regarding the specific sensitivities and elasticities of the other economic sectors in this model, as well as household behaviour and alternative closures allowing better understanding of the implications of such a simulation. 
The results from the simulations indicate that, over the short run, a tax reduction has positive impact on the GDP, exports and employment. The rise in export is largely responsible for increased output, which is made possible by a rise in labor demand.
APPENDIX: COMMAND FILE
! Command file for ORANIG model, short-run closure
check-on-read elements = warn; ! very often needed
cpu=yes ; ! (Optional) Reports CPU times for various stages
log file = yes;  ! Optional
auxiliary files = oranig03; ! needed by GEMSIM
! Solution method
method = GRAGG ;
steps = 3 5 7 ;
!method = johansen; ! alternative to above
! Data and summary file
file basedata = model3.har ;
updated file basedata =maindata.upd;
file summary  = summary.har;
!Sector Names
!AgriForFis_I, MiniQuarr_I, Manufac_I, ElecGasWt_I, 
!Construct_I, WholeRet_I,  FinancServ_I, CommServ_I, 
!GovAdmin_I,LandPass_I, AirPass_I, RailFreigh_I, 
!RoadFreigh_I, Other_I, Telecom_I
! Closure
! Exogenous variables constraining real GDP from the supply side
exogenous  x1cap               ! all sectoral capital
           x1lnd               ! all sectoral agricultural land
           a1cap a1lab_o a1lnd
           a1prim a2tot  ! all technological change
           realwage ;          ! Average real wage
!xSet ENDOGACOEF  # 'exogenous' investment industries #
! (TranStorCo_I);
xSet ENDOGACOEF  # 'exogenous' investment industries #
 (LandPass_I, AirPass_I, RailFreigh_I,RoadFreigh_I);
xSubset ENDOGACOEF is subset of IND;
xSet EXOGACOEF # 'endogenous' investment industries # = IND - ENDOGACOEF;
exogenous a1tot;
!exogenous a1tot(EXOGACOEF); 
!exogenous p1tot(ENDOGACOEF); ! Exogenising Price of Transport sector 
! Exogenous settings of real GDP from the expenditure side
exogenous  x3toth              ! real private consumption expenditure
           x2tot_i                     ! real investment expenditure
           x5tot                        ! real government expenditure on goods
           delx6 ;                     ! real demands for inventories by commodity
! The demand curves of exports are fixed in both quantity and price axes
exogenous  f4p f4q               ! individual exports
           f4p_ntrad f4q_ntrad ; ! collective exports
! Exogenous foreign prices of imports ;
exogenous  pf0cif ;
! All tax rates are exogenous 
exogenous  delPTXRATE f0tax_s  f1tax_csi f2tax_csi f3tax_cs f5tax_cs t0imp
           f4tax_trad f4tax_ntrad f1oct ;  
! distribution of government demands !
exogenous  f5 ;
! The nominal exchange rate is the numeraire
exogenous phi ;
! Number of households and their consumption preferences are exogenous
exogenous qh a3_s ;
exogenous capslack; ! switch off aggregate capital constraint ! 
! Distribution of investment between industries
xSet EXOGINV  # 'exogenous' investment industries #
 (ElecGasWt_I, Construct_I);
xSubset EXOGINV is subset of IND;
xSet ENDOGINV # 'endogenous' investment industries # = IND - EXOGINV;
exogenous finv1(ENDOGINV); ! investment linked to profits
exogenous finv2(EXOGINV);  ! investment follows aggregate investment
rest endogenous ;
verbal description =
 ORANIG: Tax Cut : DPSV shortrun closure;
! ORANIG: Tax Cut : DPSV shortrun closure;
! Variable f3tax_cs # Uniform % change in powers of taxes on household usage #
shock   f3tax_cs = -5 ;    
***********
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� . B.T  Bayliss and S.L Edwards, Industrial demand for Transport, Ministry of Transport, London, 1978, p.16.


� Personal interview with Ford South Africa Ltd 


� The model ORANI-JL was developed by Jean Luc Erero with the help of Dr Mark Horidge from the Centre of Policy Studies (CoPS) at the Monash University, Melbourne, Australia. 


� The main equations of this model are derived from the constrained optimisation of neo-classical production and utility functions. Producers choose inputs to minimise costs of a given output subject to non-increasing returns to scale industry functions. Consumers are assumed to choose their purchases to maximise utility functions subject to budget constraints. Productions factors are paid according to their marginal productivity. The government sector is included and imperfect competition has been introduced via price fixing, rationing and quantitative restrictions. At the equilibrium level these models solutions provide a set of prices that clear all commodity and factor markets and make all individual agents’ optimisations feasible and mutually consistent. The behavioural equations of the model are augmented by sets of equations showing the flows of income in the economy and sets of equations defining an economic equilibrium in each market as where supply equals demand. These equilibria may be reached via adjustments in prices and/or quantities. The present model uses a 1998 Social Accounting Matrix prepared by the author as database. 


� The same problem, that exogenous variables have too many dimensions, sometimes arises when we wish to simulate technical change. Suppose we wished to shock the variable a1 (which varies by commodity, source and industry). It might be simplest to write a new equation, like the equations of Excerpt 28 that related a1l to one or more new vector variables. The modeller is expected to add these equations and variables as required, since their form is experiment-specific.


� We shocked this model by applying f3tax_cs by –5%. The shock affects all the transport sub-sector.
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