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1 Purpose

1.1 The aim of this paper is to summarise a brief study, carried out by ProCon Computer Modelling Ltd for CPRE East Midlands, into various aspects of the projections that have been published concerning the future of housing in the East Midlands Region.

1.2 Attention is given to the credibility of the source data and, therefore, of any deductions that have been made. Where necessary, an explanation is given of the statistical principles employed to analyse the data.

1.3 An appendix gives a brief outline of the ProBuild Model of Housing Uncertainty. This is used to assess the dependence of the housing projections on the uncertainty and variability in the source data.

2 Scope

2.1 The scope specified for this work was:

To model the East Midlands housing figures based on published government statistics using the ProBuild statistical model, and provide an assessment of the statistical validity of housing forecasts in general. The report should provide an indication of the sensitivity of the modelled forecast to changes in the different variables (e.g. Net Inward Migration, housing vacancy percentage, the number of people per household, death and birth rates, the length of migration data that should be used etc).  The report will identify the factors that have the greatest influence on population and dwelling numbers. The report will also illustrate a likely range of additional dwellings required in the East Midlands by 2026. All data will be sourced by the consultant, with assistance from CPRE where necessary.

2.2 It is believed that this scope has been accurately followed.

3 Data Sources

3.1 The primary source of data has been the website of the Office of National Statistics (ONS). Their published data is derived from their own analysis of data collected from various sources, particularly the Government Actuaries’ Department (GAD), The National Health Service Central Registers (NHSCR), the International Passenger Survey (IPS), the Department of Communities and Local Government (DCLG) and the Office of the Deputy Prime Minister (ODPM).
3.2 In addition, comments are made on the Consultation Draft of the Revised East Midlands Regional Housing Strategy (RHS) 2008 – 2016, published in April 2008.
3.3 Data drawn from these sources includes:

a) International Migration Statistics

b) Inter-regional Migration Statistics

c) Birth and Death Rates

d) Housing Occupancy history and projections

e) Housing Vacancy estimates.

3.4 Wherever possible, the maximum data span available has been used, but attention is drawn to the danger of using historical data for forecasting purposes when there has been a fundamental change in the essentials. For example, International Migration levels have been heavily dependent on changes in the size of the EU over the past 20 years.

4 Method

4.1 Each of the data sets listed above is considered separately for scope, reliability and variability.

4.2 They are then combined to provide the initial conditions, assumptions and range of options for the ProBuild model.

4.3 The output of the model is described and conclusions are drawn regarding the possible span of future housing numbers in the East Midlands.

5 International Migration Statistics

5.1 There have been several changes in the way in which the International Migration statistics are calculated. The latest issues have the footnote ‘These data have been revised in line with recent changes to the weightings used to gross up the IPS data. Therefore they may not agree with previous estimates that have been published’. This makes any comparison with earlier data extremely difficult and explains why there has been a major shift in some of the forecasts.

5.2  Table 1 shows how the values changed in statistics published by the ONS during 2007.

Table 1 Changes in the International Net Inward Migration  to the East Midlands
	
	Earlier Values

	Later Values


	2001
	2000
	7000

	2002
	10000
	10000

	2003
	2000
	13000

	2004
	6000
	17000

	2005
	0
	17000


5.3 In addition to the changes in the method of calculation, there has been a major shift in the basis for migration. In 2004 the EU was increased from 15 to 25 countries by the addition of Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia and Slovenia.

5.4 This resulted in an increase in in-migration, particularly from Eastern Europe, though there is an indication that in-migration was starting to rise before the EU increase occurred.

5.5 Apart from the uncertainties introduced by the change in the method of calculation and by the change in the legal status of potential migrants, it is also necessary to examine the reliability of the numbers actually recorded. The Total International Migration data are dominated by the International Passenger Survey. The tables of these published (2007) by the ONS give a breakdown into the different Government Office Regions (GOR), and specify the Standard Error associated with each value. This is extremely valuable as it provides a basis for calculating the confidence that can be placed on the numbers themselves. For example, the figures for 2003, for the East Midlands, are given as shown in Table 2.

Table 2 IPS Migration Data for the East Midlands for 2003
	 (thousands)
	estimate
	%
	Standard Error

	Inflow
	
	
	

	East Midlands
	26
	17
	4.4

	Outflow
	
	
	

	East Midlands
	15
	22
	3.3

	Balance
	
	
	

	East Midlands
	11
	
	


5.6 The Standard Errors are a significant percentage of the Inflow and Outflow totals but the most significant number is not shown in the published table. The Balance, or Net Inward Migration (NIM), is the difference between the Inflow and Outflow, in this case 11,000, the Standard Deviation of the estimated Balance will always be larger than the Standard Errors of the Inflow and Outflow. (The Standard Deviation of the difference between two values is actually √(x2 + y2) where x and y are the Standard Errors of the original estimates.) This means that the Balance of 11,000 has a Standard Error of 5,500 or 50%.
5.7 Figure 1 shows how this affects the credibility of the data by showing the estimate +/- 2 Standard Deviations. The change from 15 to 25 countries is shown by the change in symbol colour. The bounds of uncertainty are extremely wide and any forecasts should reflect this, particularly in view of recent news about in-migrants now emigrating.

Figure 1 IPS Data for the East Midlands
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6 Inter-Regional Migration
6.1 The Consultation Draft of the Revised East Midlands Regional Housing Strategy (RHS) 2008 – 2016 was published in April 2008 and should therefore reflect the latest knowledge.

6.2 The first two paragraphs are:

1. The East Midlands is growing - fast. Between 2001 and 2016 we can expect the number of ‘households’ requiring accommodation to rise from 1.7 million to just under 2.1 million – an increase of almost 20%. 

2. About half this projected growth is the result of changes in the existing population - in particular people living longer, living alone or in smaller family units. However the rest results from in-migration: some from abroad, but the vast majority from other parts of England - particularly London and the wider south east.
6.3 Given the International Migration balance shown in Figure 1, the Inter-regional Migration would need to be enormous to make this second paragraph true. In fact, as shown in Figure 2
, the Inter-regional NIM is currently far lower than the International NIM. It is has been less than half its 2002 peak since 2005.

6.4 As far as trends are concerned, it is very dangerous to pick on a particular period of history as the data are so variable. The three trend lines shown on the graph are all to 2007, but from different starting dates. If, however, the period from 1996 to 2002 were to be selected, then a considerable rising trend would appear be happening.
Figure 2 Inter-Regional Migration to the East Midlands.
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7 Birth and Death Rates

7.1 It is not possible in a study like this to do a proper breakdown of the Birth and Death statistics. This part of the data collection exercise has therefore been kept to a minimum.

7.2 The data sources for births in the East Midlands is ONS Population_FM1_35_Table 7.1, which quotes birth rates per 1000 women of child-bearing age, and ONS Spring 2008, No 131, 'Population Trends', Table 1.3 which gives population breakdowns. Combining these two tables has enabled a table of Birth Rate per 1000 population to be created.
7.3 The equivalent death rate statistics come from ONS Spring 2008, No 131, 'Population Trends', Table 6.2.

7.4 These two data sets are summarised in Table 3.
Table 3 Birth and Death Rates in the East Midlands, 1995 – 2005

	(thousands)
	Births per 1000
	Deaths per 1000
	Natural Gain

	1998
	11.7
	10.8
	0.9

	1999
	11.3
	10.7
	0.6

	2000
	11.0
	10
	1.0

	2001
	10.7
	10.1
	0.6

	2002
	10.7
	10.2
	0.5

	2003
	11.0
	10.3
	0.7

	2004
	11.2
	9.7
	1.5

	2005
	11.3
	9.7
	1.6

	2006
	11.6
	9.7
	1.9


7.5 There is an indication of a recent increase, but this has not been studied. It should be noted that any increase in population caused by an increase in the Birth Rate will not affect housing numbers for at least 18 years, though it may affect Occupancy levels.

7.6 For the purpose of this study it has been assumed that the Birth and Death Rates are 11.6 and 9.7 respectively and will remain at those levels for the next 20 years.
7.7 The sensitivity of the results to these assumptions is tested in Sections 10.4 and 10.5.
8 Housing Occupancy

8.1 The revised 2004-based household projections
 updated the 2004-based projections that were published in 2007. They show the number of households that would form if recent demographic trends continue. They are linked to the Office for National Statistics revised 2004 based Population Projections.
8.2 A comparison between the 2004-based and Revised 2004-based household projections shows that there has been a very slight revision of the Occupancy, i.e. the number of people per dwelling. For 2016, for example, the Occupancy projection has been increased from 2.185 to 2.188, which would reduce the household projection by 3,000 households. The projected number of dwellings has, however, gone up in all categories simply because the total population forecast has gone up. Thus in 2016 the number has risen by 23,000 despite the reduction in Occupancy.
8.3 Table 4 shows the projected values (thousands) for the East Midlands until 2029.
Table 4 Projected Dwelling Occupancy in the East Midlands
	East Midlands
	2004
	2006
	2011
	2016
	2021
	2026
	2029

	Household types:
	
	
	
	
	
	
	 

	   married couple
	870
	866
	861
	862
	867
	867
	865

	   cohabiting couple
	178
	194
	231
	260
	282
	300
	311

	   lone parent
	127
	132
	141
	147
	152
	157
	159

	   other multi-person
	103
	106
	115
	124
	131
	138
	143

	   one person
	525
	550
	616
	688
	760
	827
	862

	All households
	1,803
	1,848
	1,963
	2,081
	2,192
	2,290
	2,340

	Private household population
	4,214
	4,276
	4,414
	4,553
	4,691
	4,816
	4,878

	Average household size
	2.34
	2.31
	2.25
	2.19
	2.14
	2.10
	2.08


8.4 It will be shown in Section 10.7 that the Occupancy projections are extremely important when the housing numbers are being projected and that the results are very sensitive to changes in the final value.
8.5 In order to examine the implications of the Occupancy, the figures for 2004 and 2026 have been analysed further. From Table 4, the projected increase in the number of dwellings from 2004 to 2026 is 487,000 (2,290,000-1,803,000). These can be subdivided into those that will be occupied by single occupants and those that will have multiple occupants. From the table, the number of single-occupancy dwellings is projected to rise by 302,000 and multiple-occupancy by 185,000.
8.6 In 2004, 71% of the housing stock had households of more than 1 person. The change in occupancy means that only 38% of the additional housing will be occupied by more than 1 person. Therefore, if these projections are to be used as a basis for justifying the provision of 487,000 additional dwellings, then that provision must include 62% of dwellings suitable for single occupancy, this will, of course, include a range of sizes, values and locations but, on average, the new dwellings must tend to be smaller and of lower cost than the existing housing stock.
8.7 The effect of the projected changes in the proportion of each household type is shown in Figure 3. This makes it clear that the greatest changes in the spectrum of household types are expected to be in the percentage of Married and Single Occupier households.

Figure 3 Projected Changes in the Percentage of Each Household Type
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8.8 No attempt can be made in this short study to estimate whether or not these projections are reasonable, but it is possible to establish their stability. There have been three recently published estimates of these Occupancy Levels, 2003-based (published in 2006), 2004-based (published in 2007) and Revised 2004-based (published in 2008).

8.9 A comparison between the 2004-based and Revised 2004-based shows that there has been a marginal change in the estimated Occupancy, as described in Section 8.2 above. When this comparison is extended back to the 2003-based projections then a larger change is seen. The projection for 2016, for example, has increased from 2.180 to 2.188. In the absence of any other changes, this would cause a reduction in the projection for 2016 of 7,000 households.

8.10 Of greater significance is the nature of the projections themselves. The description given is ‘if recent demographic changes continue’, but the projected changes in Occupancy show some strange characteristics.

8.11 Figure 4 shows the projections published in 2006 and 2008, based on 2003 and 2004 data respectively. Points to note are:

a) The kink in the graph at 2003.

b) The 2004 value is above the 2003-based line but this difference is not maintained for the 2006 point.

c) The 2004 values are all higher than the 2003 values, but they converge in the distant future.
Figure 4 Projections of Occupancy Level
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8.12 An extra line has been added to Figure 4 to show a simple extrapolation from the 1991, 2001 and 2004 data points. This line lies clearly above the projections and shows what would happen in the future if the trend defined by 1991, 2001 and 2004 were to continue. The circled point represents an Occupancy of 2.222 and would reduce the number of additional households by 32,000 by 2016.
9 Housing Vacancy

9.1 The number of dwellings that are vacant at any time is highly variable across the region and it has been difficult to get a definitive statement about the overall percentage.

9.2 Estimates seem to vary from below 3% to over 4%. A figure of 3.3% has been used for the studies, but ProBuild has been used to show (Section 10.5.4) that the total requirement is not particularly sensitive to this figure.
10 ProBuild Modelling

10.1 Introduction

10.1.1 The principles of the ProBuild model are described in Appendix A. This section summarises some model results that illustrate the potential sensitivity of the 20-year predictions to variability in the recorded data and to uncontrollable uncertainty in the future.
10.2 Base Case

10.2.1 The data used for the Base Case use the best estimates of the key data:

a) Net Inward Migration Standard Deviation = 5,000, for the whole data history
b) Birth Rate = 11.6 per 1,000 per annum until 2026
c) Death Rate = 9.7 per 1,000 per annum until 2026
d) Occupancy = reducing from 2.31 in 2006 to 2.1 in 2026
e) Vacancy = 3.3% from 2006 to 2026

10.2.2 The result of this study, as shown in Figure 5, is a mean of 432,000 additional dwellings, with a standard deviation of 29,000. This can be interpreted as: “There is a probability of 95% that, if these assumptions are correct, then the number of additional dwellings required between 2006 and 2026 will be between 374,000 and 490,000.”
10.2.3 This is not inconsistent with the estimate of 442,000 (i.e. from 1,848,000 to 2,290,000) as shown in Table 4. The ProBuild Base Case result is therefore consistent with the published projections.
Figure 5  ProBuild Base Case Distribution
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10.3 Net Inward Migration Standard Deviation

10.3.1 The first sensitivity study looks at the level of variability in the data on Net Inward Migration (NIM) to the East Midlands. It was shown in Section 5 that these data are extremely variable and, in recent years, a standard deviation in excess of 5,000 has occurred.
10.3.2 As explained in Appendix A, each ProBuild iteration generates a new set of historical data derived stochastically from the original data, with an assumed standard deviation. The spread in the results is a reflection of this variability of the data and it can be expected that the greater the data variability, the wider the spread of the results.

10.3.3 It is a simplification to assume that the data have had the same degree of variability in each past year and this study tests whether that assumption is likely to have affected the results significantly.
10.3.4 Figure 6 shows that the mean is unchanged, but that the standard deviation of the results increases from 26,000 to 37,000 as the data standard deviation is increased from 500 to 10,500.

10.3.5 This would mean that the conditional 95% confidence interval in the predicted number of additional dwellings required between 2006 and 2026 increases from the range [380,000, 484,000] to [358,000, 506,000].
Figure 6 Sensitivity to Assumed NIM Standard Deviation
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10.4 Birth Rate

10.4.1 Table 3 showed that the Birth Rate has varied between 10.7 and 11.7 per 1000 per annum in the last 9 years.

10.4.2 The value of 11.6 was chosen for the Base Case as it was the most recent. For this sensitivity study a range from 10 to 13 has been used in order to illustrate how this might affect the dwelling requirement. Within ProBuild the actual birth rate changes gradually each year from 11.6 in 2006 to the specified rate in 2026.

10.4.3 It is a simplification to translate the population change directly into a change in the number of dwellings as the true effect will be on the occupancy. The change in the population demographics will only affect housing 15 to 20 years after the change in the birth rate.
Figure 7 Sensitivity to Birth Rate 
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10.4.4 However, as shown in Figure 7, there is relatively low sensitivity to the range of birth rates considered.
10.5 Death Rate

10.5.1 As far as ProBuild is concerned, a change in the Death Rate per 1000 per annum is directly complementary to a change in the birth rate. In reality however, this will have an immediate effect on the number of dwellings required and, more specifically, will affect the spectrum of dwelling types.

10.5.2 The rate has varied over the last 9 years between 10.8 and 9.7 per 1000 per annum. The three most recent years’ records, as shown in Table 3 have all been 9.7 and this figure has therefore been used as the Base Case.

10.5.3 A decrease in the death rate can be expected to cause an increase in the number of elderly residents and, probably, an increase in the number of households with single elderly occupants.

Figure 8 Sensitivity to Death Rate
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10.5.4 As with the birth rate, however, the sensitivity is low.

10.6 Vacancy Percentage

10.6.1 There are several problems with estimating the vacancy percentage:

a) The definition of vacant is not consistent between different authorities.

b) It is a highly variable quantity over small geographic regions.

c) It is likely to be affected directly by short-term changes in the housing market.

d) Central and local government policies are specifically aimed at reducing it, though without any clear effect over recent years.

10.6.2 If a high vacancy rate occurs then there will need to be more houses in the total housing stock to accommodate the population as well as providing the vacant dwellings.

10.6.3 A figure of 3.3% has been used to represent the current level of vacancy and, in this test, this has been allowed to change over 20 years to as low as 2.8% or as high as 4% by 2026.

10.6.4 The result is to give a range from 421,000 to 437,000 in the mean number of additional houses required.
Figure 9 Sensitivity to Vacancy Percentage
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10.7 Occupancy Level

10.7.1 One of the most contentious areas in the long-term forward projections issued by the Office of National Statistics is the Occupancy Level, as shown in Table 4. This is the estimated mean number of occupants per household and is predicted to fall from 2.34 in 2004 to 2.1 in 2026.

10.7.2 It is a matter of record that this number has been reducing for many years as a result of a number of contributory factors.

a) An increase in the divorce rate.

b) More single-parent households.

c) Establishment of a household at an earlier age.

d) Greater longevity.

10.7.3 Each of these tends to decrease the Occupancy Level. An additional factor, the reduction in the proportion of married couples is partly offset by the increase in the number of cohabiting couples.
10.7.4 Occupancy, which affects all dwellings, not just new dwellings, has a direct and significant effect on the total requirement, as shown in Figure 10.

Figure 10 Sensitivity to Occupancy Level 
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10.7.5 All of the curves in Figure 10 assume that occupancy will continue to fall; they differ in the degree of reduction that will occur by 2026. The official projections assume as fall to 2.1, but if this is incorrect then the impact on the number of additional dwellings required is considerable. A range from 285,000 to 485,000 is shown in Figure 10 and nobody can be sure which of these curves represents the truth.
10.8 Range of Results
10.8.1 To summarise these sensitivity studies, two additional cases were run with the parameters set to low and high, but not extreme, values in the ranges considered.

10.8.2 In each case the parameters apply to 2026 and there is an annual movement from the Base Case values to the 2026 values.

a) Low Case: Vacancy 3%, Occupancy 2.2, Birth rate 11, Death rate 10

b) Base Case: Vacancy 3.3%, Occupancy 2.1, Birth rate 12.6, Death rate 9.7

c) High Case: Vacancy 4%, Occupancy 2.05, Birth rate 13.6, Death rate 9
10.8.3 The results are shown in Figure 11. The conditional 95% confidence intervals for these curves are [271,000 to 377,000], [374,000 to 489,000] and [444,000 to 566,000].
Figure 11 The Range of Possible Forecasts for Additional Dwellings
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10.9 The purpose of this study is to show how dependent the predictions are on the assumptions that are made about future policies and demographics.

11 Summary

11.1 It would be presumptuous to draw categoric and detailed conclusions from such a short study, but some aspects of the findings are worth noting.
11.2 There is a high degree of uncertainty in the International Passenger Survey statistics. This has been mentioned in the press and is causing great difficulty for economists predicting even a short time into the future. When considered at a regional level, the variability is so large that the annual International Net Inward Migration to the East Midlands could be anything from 5,000 to 25,000.
11.3 Inter-regional Net Inward Migration to the East Midlands has been tending to reduce since 2002 but there is no statistical basis for assuming either a reduction or an increase in the future.

11.4 The published projections of household formation have changed slightly but still show an increasing downward trend for the next 10 years. If this trend is too exaggerated then the effect of the numbers of households required could be very large. If the eventual figure is 2.15 per household, instead of 2.1 as projected, then 50,000 fewer dwellings will be required.

11.5 If these projections are used as a basis for calculating the forward provision of dwellings then it is essential that spectrum of new build matches the profile of the changes in dwelling occupancy. This means that there should be, within the new build, a large percentage (over 60%) suited to single-person occupancy.
Appendix A The ProBuild Model
A.1 Introduction

A.1.1 The purpose of ProBuild is to assess the sensitivity of forecasting a regional future requirement for housing to changes in the assumptions. This enables the researcher to understand the uncertainty in the forecast and to direct the research effort into clarifying those assumptions to which the forecasts are most sensitive.

A.1.2 It is built as a VBA macro with an MS Excel spreadsheet interface.

A.2 Method

A.2.1 ProBuild is a stochastic sequential model. In order to produce a single result it runs a large number of times (eg 10000) using the same basic data and assumptions for each run, but with a randomly added factor to each parameter. The randomness represents the uncertainty that exists in the past data, such as NIM numbers, and the variability of the possible ‘futures’. This variability arises from the uncertainty in the assumptions and predictions. Thus a range of possible outcomes are generated from a single run of ProBuild and the mean is simply the centre of the possible outcomes.

A.3 Data

· The Net Inward Migration (NIM) numbers for a period of years

· An estimate of the uncertainty in these numbers

· The current population

· An estimate of the birth rate per thousand per annum and the variability of the birth rate

· An estimate of the death rate per thousand per annum and the variability of the death rate

· The average number of occupants per dwelling at the end of the NIM data

· The predicted average number of occupants per dwelling at the end of the forecast period

· The uncertainty in this prediction

· The percentage of houses that were vacant at the end of the NIM data

· The predicted percentage of houses that will be vacant at the end of the forecast period

· The uncertainty in this prediction

A.4 Input

A.4.1 The information is supplied to ProBuild on a formatted sheet. This also specifies the version of ProBuild, the first and last year for forecasting and the number of iterations.

A.5 Output

A.5.1 The output of ProBuild is in two forms, numerical tables of results and a graphical representation of the distribution of the future dwelling requirement.

A.6 Structure

A.6.1 The ProBuild model is written in VBA and interfaces with a Microsoft Excel spreadsheet. The data are read from the spreadsheet and the results are written back to it.

A.6.2 A number of alternative cases can be examined in a single run as ProBuild is constructed with a series of loops, each of which causes one of the prime assumptions to vary according to a specified distribution. These loops are :

· Net Inward Migration (NIM)

· Vacancy

· Occupancy

· Death Rate

· Birth Rate

· Student’s t Significance Level

A.6.3 The main numerical results are :

· A prediction of the mean number of dwellings that will be required in each future year and an estimate of the uncertainty for each year.

· A prediction of the total number of dwellings that will be required within the forecast period and the uncertainty in this total.

A.6.4 The graphical output shows the distribution of the total number of dwellings as an annotated graph. Several results with different assumptions can be compared on a single graph

A.7 Functional Description

A.7.1 After the basic NIM data and the assumed variabilities have been entered, the stages of the calculation follow the following steps.

LISTNUM ParaNumbers2 \l 1
The average of the NIM data is calculated.

A new NIM datum is generated for each year for which data has been specified. A random value is generated from an unbiased Gaussian distribution with the measured NIM as the mean and a standard deviation specified in the input file.

This results in a new set of values for the NIM for each past year. These represent a randomised version of the recorded NIM for that year and therefore constitute one possible ‘past’. This process caters for the inevitable errors that occur in estimating the NIM each year.

LISTNUM ParaNumbers2 \l 1
A straight line is fitted to these revised data, using linear least-squares regression.

LISTNUM ParaNumbers2 \l 1
The gradient of this slope and the variance of the revised NIM data are calculated. These are then used to test whether there is sufficient evidence that a true slope exists, using a t-test with a level of confidence specified, by the user, in the input file.

LISTNUM ParaNumbers2 \l 1
A prediction is now made for each year, finishing with a final year selected by the user. The method used for this prediction depends on the result of the validity test on the slope.

LISTNUM ParaNumbers2 \l 2 \s 1
If it was determined that there was insufficient evidence for a slope, ie the revised NIM data showed no significant trend, then the average of the revised NIM data is used as the prediction for each future year.

LISTNUM ParaNumbers2 \l 2
If a trend was found then the slope is used as the basis for the prediction.

LISTNUM ParaNumbers2 \l 1
A predicted population is calculated from the current population plus the value of the predicted NIM. This is modified by the birth and death rates for that year, which are random values generated from the mean and standard deviation specified in the input.

LISTNUM ParaNumbers2 \l 1
It is assumed that, over the forecasting period, the vacancy rate (% of dwellings not occupied) and the occupancy rate (average number of people per dwelling) will both change gradually. The start and finish values are given in the input file, but the final value is randomly changed for each replication to allow for the uncertainty in these quantities. When a new predicted population has been calculated, the number of dwellings required is derived from the population and the vacancy and occupancy rates for that year.

LISTNUM ParaNumbers2 \l 1
The number of additional dwellings required is then calculated as the change in requirement from the previous year.

LISTNUM ParaNumbers2 \l 1
As the iteration is run, the statistics of the predicted requirement are calculated for each year and for the whole period of forecasting.

A.8 NIM Standard Deviation

A.8.1 Estimates of the standard deviations of the migration data are not always given in the source files. There is a reference in Ref. 1 to a figure of +/-40,000 for the whole of the UK. This is given in a brief sensitivity study, but no indication is given as to whether this represents 1 or 2 standard deviations, or an arbitrary figure. It is therefore of limited usefulness.

A.8.2 The values used are approximate and take into account the base volumes concerned and the annual variability that has occurred.
A.8.3 The standard deviation for the Net Inward Migration data is probably dominated by the International Data drawn from the IPS. A figure of 5,000 has been used as the standard for the ProBuild study, but the results have been tested for sensitivity.

A.9 References
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