Procedures for the Municipal Infrastructure Grant Excel Simulation Model

Description and Location of the Excel Simulation Model 

The Excel Simulation Model is located in a separate Excel file folder called Simulation Model with Scenarios Municipal Infrastructure Grants MJJPhD 2010 in a compact disc attached to the back cover of the thesis. The Simulation Model folder is divided into six separate Excel files. The first Excel file runs a model simulation in which the capital cost disparity indices are excluded because the beta (() values are all set to zero. The file is labeled Scenario 0 - Simulation - MunCAPEX (REVIEW 20100817).xls. The second, third and fourth files run simulation scenarios 1, 2, and 3 and, are discussed in Chapter 7. The files are labeled Scenario 1 - Simulation - MunCAPEX (REVIEW 20100817).xls; Scenario 2 - Simulation - MunCAPEX (REVIEW 20100817).xls and, Scenario 3 - Simulation - MunCAPEX (REVIEW 20100817).xls respectively. The fifth Excel file is labeled Scenario Comparisons Simulations 20100817.xls, and captures the results of all the scenarios in tables that facilitates comparisons on which my findings for the evaluation of the model are based. The sixth spreadsheet is labeled Scenario Comparisons with total allocations in Tab 7.15. 20110126.xls and, calculates the total allocations (historical backlog grant and per capita economic grant) for each municipality over the period. Each of the Excel files contains spreadsheet Tabs for estimating the capital stock data inputs. The Tabs are labeled Capital Stock PIM; PIM Calculation for each local municipality and, Capital Expenditure Flows.

Data Requirements for Simulating Municipal Infrastructure Grant Allocations 

The Cape Winelands District Municipality includes the Breede River, Breede Valley, Drakenstein, Stellenbosch and Witzenberg local municipalities. In Chapter 5 of the thesis in Tables 5.3 to 5.7 we have data for the level of backlogs. In Tables 5.8 and 5.9  (Chapter 5), using the PIM methodology are the estimated capital stock values and capital spending estimates for CMIP/MIG projects for the municipalities based on data from 1997 to 2006. These estimates will help calculate the projected aggregated equitable infrastructure grant allocations for each municipality

To conduct simulations for the five local municipalities using the municipal infrastructure grant model Excel Simulation Model programme the capital stock and disparity data sets from Chapter 5 are used as inputs. These data sets are listed below. 

Capital stock data inputs

· Complete expenditure history of funds dedicated to all infrastructure projects and activities for each local municipality

· Sum of funding on CMIP and MIG projects in entire district municipality of the Cape Winelands

· Population count of each local in 1996, 2001 and 2007 as per Census 1996 and 2001 and the Community Survey of 2007

· Mid Year Population Estimates for the Western Cape Province for 1997 to 2006 from Statistics South Africa

· An initial capital stock estimate for the Cape Winelands 

Disparity Indicator Data Inputs

· A population density indicator for each local municipality

· An unemployment percentage rate indicator for each local municipality

· An indicator of the percentage of households with no income for each local municipality

· Static indicator for TB Prevalence per 100000 people for each local municipality

· An indicator for HIV prevalance for each local municipality

· An indicator for the percentage of illiterate people over 14 years for each local municipality

· A housing backlogs indicator for each local municipality

· A normalized Deprivation Index for each local municipality

Activating the Excel Simulation Model

In this section, I explain how the infrastructure grant model can simulate estimates for equitable grant allocations for infrastructure services for the five local municipalities. In the thesis example the following outputs are calculated and generated by the Excel simulation model:

· The capital stock estimate for the municipal service/s for each local municipality from 1997 to 2015 using the PIM

· The desired capital stock estimate for the municipal service/s for each local municipality from 1997 to 2015 using the PIM

· The calculated capital stock backlogs for municipal service/s for each local municipality from 1997 to 2015

· The desired capital stock per capita for the five combined Cape Winelands local municipalities from 1997 to 2015

· The calculated composite capital cost disparity index for each local municipality

· The estimated domestic grant allocation for each local municipality for 2007 to 2015

· The estimated per capita economic grant allocation for each local municipality for 2007 to 2015

· The total infrastructures grant allocation for each local municipality for 2007 to 2015

Step 1: Producing the required population data series input

A consistent set of population data per local municipality is not available for the required period. I therefore make some assumptions in order to produce a consistent population dataset. The data that is available includes Western Cape midyear estimates for 1996 – 2007 and local municipality population for the five municipalities for 1996, 2001 and 2007. This means therefore that data per local municipality for the missing years are required. I calculate this as follows.

First, I derive the share of Cape Winelands population data from the Western Cape provincial population data for 2001. Secondly, I use the Cape Winelands share of the population data to produce a time series population data set from 1996 to 2001 for the Cape Winelands by dividing the Western Cape province data set total by the share calculated for the Cape Winelands District. Thirdly, using the Cape Winelands population data for 1996 to 2001 I can then calculate the missing-year population data values for each local municipality by dividing the Cape Winelands population by the 2001 ratio for each local municipality. Similarly, using the 2007 totals from Statistics South Africa, I am able to calculate the population data for 2002 to 2007. 

In the example the simulation model is expected to generate allocations for three medium term expenditure (MTEF) programme budgets (three years per MTEF budget) from 2008 to 2015. I therefore also require a projected population data set for the future period of 2008 to 2015.  This projection is based on the average growth rate experienced from 1996 to 2007. Using the average growth rate, the local municipality population data for 2008 is the local municipality population data for 2007 multiplied by the average growth rate.

Step 2: Estimating the Disparity Index for each Local Municipality

The Excel simulation model estimates the composite disparity indicator from an average of all the eight disparity measures multiplied by the beta weight for each indicator as follows. Firstly, the model calculates the difference of the disparity measure over the average value of the disparity and then calculates the average differences for each disparity. Secondly, the betas ((i,t,j) are applied to the difference of the disparity value. Thirdly, the spreadsheet model calculates the disparity index  ((i) from equation 4.6 in Chapter 4. Finally, the simulation model calculates the disparity indicator for each local municipality according to the Excel formula derived from equation 4.7 in Chapter 4. 

Using the estimated values it is now possible to attach the disparity weights to the capital backlogs per service for periods 1, 2 and 3. By adjusting the beta (() values and the input depreciation I can adjust the outcome of how to reduce the backlogs progressively over time according to the importance of the disparity. In order to prioritize the progressive reduction of capital backlogs it will probably be best to determine and rank the set of disparities that relate to a set of infrastructure services. 

In this illustrative example I run simulations using the Excel model for basic services and the funding of related infrastructure. In Chapter 5 I identified eight disparities and all of them are used in the illustrative simulations. The disparity indicator input data are presented in Table 6.5 Chapter 6 of the thesis. 

As in the FFC Capital Grant Scheme Model, developed by Petchey, Josie et al (2004), all or some of the disparities can be switched off by the user by setting the associated beta value choice key in the Input Data spreadsheet equal to zero.  Setting a zero value for a beta will exclude its influence completely, whilst a low value (between 0 and 1) would reduce its overall influence. If all the betas are set equal to zero then the effect of the disparities are taken out of the simulations. The Excel simulation model also creates the possibility of including more disparities within the separate spreadsheet sub-programme without affecting the main programme that includes the formulae. However, the strength of the influence of the betas can only be determined over time with extended testing and revisions and, the exclusion of old and, inclusion of new disparities. 

Step 3: Generating PIM estimates for capital stock for each local municipality

The PIM Excel spreadsheets in the Simulation Model use equation (4.2) in Chapter 4 to calculate stock values for each local municipality for each year from 1997 to 2007.

The Excel Simulation Model spreadsheet formula is derived from the two separate terms of equation (4.2) in Chapter 4 where, 
[image: image1.wmf], the capital stock, is equal to term one 
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 EMBED Equation.3  [image: image5.wmf]. Term one is the previous stock value reduced by the invariant depreciation rate to the power of the nth period. Term two is the sum of all infrastructure expenditure in the year reduced by the depreciation rate to the power of the number of years.

In the Excel Simulation Model spreadsheet the initial capital stock value is based on a different formula derived respectively from equations (4.3); (4.4) and (4.6) in Chapter 4. This initial capital stock value is estimated as the average weight, multiplied by the initial capital stock value of the Western Cape Province (derived from the Financial and Fiscal Commission estimates mentioned in Chapter 5) and not of the Cape Winelands District as a whole as this data are not available. The average weight is calculated as the average of the sum of weights which are individually estimated from the expenditure of a local municipality divided by the expenditure of the Cape Winelands District for a particular period and, multiplied by the ratio of the population of the local municipality, divided by the population of the Cape Winelands as a whole for 2001 only. This was a major shortcoming of the PIM application in the model as consistency between the population and the expenditure for the period could not be established with certainty. 

Step 4: Determining the Capital Stock Value for Period One

Period one is the 3-year medium term expenditure framework (MTEF) of the three years following 2006. 2006 was the last year of expenditure data that was available from the CMIP/MIG dataset. Therefore period one includes 2007, 2008 and 2009.

Estimating the capital stock value for period one required population data for the same period as well the assumed spending for the period, i.e. the budgeted values that was collected from the infrastructure pool of funds available for each year for the particular period. The pool of funds used was the MTEF infrastructure budget (See Chapters 4 for an explanation of the determination of the pool of funds).

The population for 2007 is based on the 2007 community survey data whilst the population for 2008 and 2009 is a projection estimated according to the methodology discussed above. Feeding these values (population and pool of funds data) into the Excel Simulation Model PIM spreadsheet, I was able to estimate a capital stock value for Period One.

Step 5: Determining Capital Stock Values for Period Two

Period two is the 3-year MTEF following period one. Therefore period two includes 2010, 2011 and 2012.

Calculating the capital stock value for period two again required population for the same years as well the assumed infrastructure spending for the period. As this period is well in the future, the MTEF budgeted values would not be available. As this population and expenditure data is not available, it must therefore be estimated. The population for 2010, 2011 and 2012 was a projected estimate calculated in Step 1. Feeding these values (population and pool of funds) into the PIM model, I estimated a projected capital stock value for period two.

Step 6: Determining Capital Stock Values for Period Three

Period three is the 3-year MTEF following period two. Therefore period three includes 2013, 2014 and 2015. 

Estimating the capital stock value for period three again required population data as well the estimated spending for the period. The population for 2013, 2014 and 2015 was the same projected estimate calculated in Step 1. Feeding these values (population and pool of funds) into the PIM Excel model, I estimated a projected capital stock value for period three.

Step 7: Estimating the Standard Desired Capital Stock Levels

The purpose of estimating the standard desired capital stock is discussed in Chapter 4 and illustrated in Figure 4.2. The figure shows that for a comparatively poor municipality, the actual capital stock is depicted below the standard. In the preceding period the municipality has a capital backlog defined as the difference between the standard and actual capital stock at a point in time. Therefore, municipalities that lie above the standard norm (i.e.; they have more than the nationally determined standard norm for the particular service), will have a capital stock surplus or no backlog.

In my illustrative simulation exercise the key question is, with a limited amount of infrastructure funds, how does government raise the level of net allocations and spending for the poor municipality so that its actual capital stock equals the standard desired capital stock at some future period. Achieving this goal can only take place over several medium term budget expenditure programmes through the progressive elimination of municipal service infrastructure backlogs and the consequent creation of new capital stock. Thus the  Excel Simulation Model provides an objective mechanism to equitably allocate additional resources from a limited grant pool to municipalities for a chosen period of time to enable them to transform their capital stocks from the actual starting point toward the desired standard. As I noted in Chapter 4 the particular path taken is called the “transition path”.
In the Excel Simulation Model the desired municipal service capital stock levels were calculated for the period taking account of the data inputs available for infrastructure expenditure, population, the PIM estimated capital stock and, the given medium term budget pool of funds data.

The standard desired capital stock per capita was calculated in the simulation model as the total capital stock generated by the PIM for each local municipality divided by the total population of the Cape Winelands for each year. In turn the desired capital stock for each local municipality was calculated as the capital stock value for the local municipality multiplied by the per capita desired stock and, further multiplied by the calculated composite disparity index for each local municipality.

It should be noted that the composite disparity index in the formula used a static view of the disparity measure based on indicators at a specific point in time. However, as the disparity indicator data are collected periodically (every five to ten year intervals respectively) during national census or during household surveys it is reasonable to assume that the disparity indicator values will remain valid over the chosen period.  

Step 9: Estimating the Capital Backlog Levels

Backlogs were calculated in the simulation model as the difference between the actual capital stock value (calculated by the PIM formulae) and the standard desired capital stock values. When backlogs were estimated and produced negative values – i.e. the model believes no backlog exist, I substituted the backlog value with a value of (0.1) to enable the division by zero errors. The zero errors occur because of inconsistencies in the datasets and the assumptions used in calculating the capital stock values.

Estimates for Capital Spending and Capital Stock in the Cape Winelands District 

Following the process described above the simulation model firstly generated the capital stock estimates for electricity, water, roads and transport, and sanitation services in millions of Rand for the Cape Winelands District as a whole for the period 1997 to 2007. These estimates are presented in Table 6.7. The estimates calculated for the other four Districts (Central Karoo, Overberg, Eden and West Coast) are presented in the Appendix of the thesis. Calculating the estimates for the Cape Town Metropolitan local municipality was not undertaken because I assumed that metropolitan municipalities raise much of their capital expenditures from own revenues or borrowing whereas the majority of the local municipalities depend largely on transfers from National and Provincial governments. 

Secondly, the model generated the capital stock estimates for the five local municipalities (Breede River, Breede Valley, Drakenstein, Stellenbosch and Witzenberg) in the Winelands District. As I noted in Chapter 5 the illustrative capital stock estimates are based on CMIP, MIG and other infrastructure project spending data kindly provided by the Western Cape Province, Department of Provincial, Local Government and Housing during the process of interviews conducted in 2009. The calculated capital stock estimates for the five municipalities are presented in Tables 6.8 to 6.12 in Chapter 6. Based on these estimates the simulation model was able to calculate the capital backlogs and the desired level of capital stock for the five local municipalities.

Procedure for Constructing a Disparity Index for each Municipality

Example: Income Poverty using equations 4.6 and 4.7.

· Extract from Excel worksheet income data from a range of household income groups for each municipality. This data supports the argument that municipalities with large proportions of households living below a certain level of income will have a positive disparity. Therefore the model should proportionately allocate a larger portion of the grant to these municipalities.
· To construct the disparity measure, calculate the proportion of the total number of households in the municipality with incomes below a selected level. This could be a poverty line. 
· From the above data calculate  

 [image: image6.wmf]  the mean or average value of the disparity measure for   all municipalities i = 1…5 for period t as 

[image: image7.wmf] for these data the mean or average of the disparity equals a value.

· Using this average or mean value calculate the mean deviation for each municipality with the formula:

     [image: image8.wmf] 

and enter in the table for percentage deviation of X from the mean values (D).

· From this table it is possible to show the proportion of                                                                   households that fall into a selected income category, that is some percentage below, or above the average. Thus, for this disparity I can now establish which municipalities are at a disadvantage compared to the average and, which are at an advantage compared to the average.  

· Having calculated the X values for the Income Poverty Disparity measure I can now calculate the disparity variable (. I can do this by choosing some value of ( and assume that Income Poverty is the only disparity to be measured. If ( = 0.5. I can now calculate values for ( by multiplying the (D) values in the table by the chosen ( value (in this case 0.5) and enter them in another table. 

· With the ( values above it is possible to calculate (() the disparity variable using equation 4.6 (
[image: image9.wmf]) and enter in a table for a calculated disparity values for income poverty.

· The exponential transformation implied by the disparity function in equation 4.6 means that the capital cost disparity is normalized around 1. Therefore from the model simulation municipalities with positive disparities will be given values in excess of 1 and municipalities with negative disparities will be given values below 1. In the spreadsheet, each of the disparities can be measured in the same way. 

Similarly, the model calculates values for ( for all disparity measures. 

The user can also change the policy parameter values for beta (() and delta (() in the choice key space in the Input Data spreadsheet of the Excel Simulation. This option offers the user the opportunity to select a beta value that prioritizes a particular disparity measure. The choice of a delta value will determine the speed at which disparities are reduced against the speed at which the per capita economic efficiency levels are reduced. 
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