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ABSTRACT

There is an increasing awareness throughout the developing
world of the importance of improving the efficiency of urban land use.
The search for more efficient land use must be pursued at two different
levels. First, it is necessary to review the impact of land use
regulations on development costs and to devise a more affordable mix of
regulations without reducing the quality of the urban environment.
Second, it is necessary to pursue opportunities for greater efficiency
at the project design level.

With a wide range of alternatives to choose from, planners can
make much informed decisions in determining appropriate least cost
solutions. But cost reduction alone is not enough for successful
design. It is also necessary to maximize the satisfaction created in
projects and to price developed plots appropriately. Each design option
is associated not only with a particular cost but also with a specific
level of satisfaction for project beneficiaries. Several examples are
given of how various, aspects of projects can be designed more
efficiently by using modelling techniques to cost a range of
alternatives and then using knowledge of local market conditions to
choose the most appropriate low cost/high value solution.

The concept of value and costs are basic to the design
process, and the interaction of cost and value needs to be considered
carefully when using modelling techniques. These concepts and their
relations to the design process are discussed and methods are suggested
for assessing the value of land development projects. Several examples
are given of specific project characteristics which could be designed
more efficiently with a more thorough analysis of cost and value.
Finally the authors take a critical look at the traditional site
planning process and suggest how the type of analysis illustrated in the
paper can be brought into a new planning process which would take
advantage of the new modelling techniques.
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EFFICIENCY IN LAND USE AND INFRASTRUCTURE DESIGN

AN APPLICATION OF THE BERTAUD MODEL

I. INTRODUCTION

Background

1. There is an increasing awareness throughout the developing
world of the importance of improving the efficiency of land use in
development projects. Since 1950, the urban population of the third
world has grown from less than 300 million to 1,250 million. If urban
growth continues at this level, and there is every indication that it
will, large amounts of newly urbanized land will be necessary to
accommodate the new urban population. However, with the types of’
development standards typically required in most low cost land
development projects, it is doubtful that enough new land can be
developed legally to accommodate the growing urban population.

2. Land is becoming increasingly scarce, so it is clearly
important to find ways of economizing on land where possible, especially
if this can be done without reducing the quality of the urban
environment. More efficient land use would reduce not only the direct
cost of land in projects but also the cost of providing and maintaining
urban infrastructure. In the long run, it will also increase the supply
of developed plots, thus reducing the upward pressure on urban land
prices. This research has indicated that there is, in fact, much scope
for improving the efficiency of urban land use in most countries. The
type of analysis suggested in this paper could help to reduce land use
requirements in typical projects by as much as 30 percent, a substantial
savings.

3. The nature of the problem and the potential solution are
better understood by analyzing the impact of present land use practices
in individual projects. Such an analysis has been undertaken as part of
this research for the state of Uttar Pradesh in India (see Annex 2). It
was found that 87 percent of the urban households in the state would not
be able to afford the minimum sized plot in a land development which
meets all the land development and municipal engineering regulations.
Most projects which meet the minimum standards can only be afforded by
low income households if there are large capital and interest

subsidies. But government agencies have only limited budgets for
subsidized development, which limits the scope of such programs.

4, Because present development standards are unaffordable both to
individual households and to government agencies, it is not surprising
that large numbers of new urban dwellers are settling in illegal
developments and in illegally occupied squatter settlements. Indeed,
the slum populations of many third world cities are growing faster than
the general population, leaving large numbers of the urban population in
unplanned and poorly serviced communities. It is, therefore, extremely
important to seek ways of reducing the cost of new development.
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S. An analysis of typical projects in many third world countries
has shown that the costs of new development can be significantly reduced
by using land more efficiently. Road and open space typically account
for up to 60 percent of project area, which is far more than can be
justified by vehicular traffic and recreational needs and cannot be
fully utilized or maintained by the community. With a combination of
improved land use (with only about 30 percent road and open space) and
differential land pricing (whereby a mix of plot types is provided and
higher prices are charged for the better located plots), plots can be
made affordable to most low income households without subsidies. By
being careful not to reduce the standards which are most valued by low
income-households, this can usually be done without lowering the quality
of the urban environment.

6. The search for more efficient land use must be pursued at two
different levels. First, it is necessary to address regulatory
authorities (urban planning department, development agencies,
municipalities, etc.) to assess the combined cost of existing
regulations and to devise a more affordable mix of regulations. Second,
it is necessary to pursue opportunities for greater efficiency at the
project design level. In both cases, this has frequently not been done
in the past due to the lack of adequate tools for analyzing the cost of
existing practices and for formulating more practical alternatives.

7. New tools now exist to facilitate the analysis of alternative
standards and designs. A two-part model has been developed for this
analysis for use with microcomputers. It is based on the accounting
relationships between the basic parameters of urban design, including
aspects of land use and infrastructure design. Earlier work had
developed a first part of the model (the Bertaud Model), referred to
here as the "Affordability and Differential Land Pricing Sub-Model."
The second part of the model, developed under a research project and
called the "Detailed Land Use and Infrastructure Costing and Design
Sub-Model," is discussed in Chapter V.

8. Assessing the cost implications of site designs used to be
very time consuming, but by using a model the implications of a large
number of design alternatives can be quickly determined. Its use in
analyzing the appropriateness of regulations at the state level is
described in Annex 2. This paper illustrates the use of a model in the
pricing, costing and design of land development projects and it
describes how new modelling techniques can be introduced into the
planning process. This paper is, therefore, primarily addressed to
planners and engineers at the project level who can use the type of
model described in this report to make improved design decisions.

The Pricing, Costing and Design of Urban Projects

9. Many designs characteristics can be considered in land
development such as the amount of open space, plot sizes, type of
clustering, type of sanitation, type of street surfacing and engineering
specifications. In the traditional design process, specifications for
most of these design characteristics had to be taken as given. Only a
few variations in design could be planned and costed within the time
constraints of a normal project preparation period. There was also
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little assessment of alternative pricing patterns for projects. Now,
using the model, it is possible to analyze quickly the implications of a
large number of design variations, involving even relatively minor
design characteristics, and a number of pricing patterns.

10. With a wide range of design alternatives to choose from,
planners can make much informed decisions in determining appropriate
least cost solutions. But cost reduction alone is not enough for
successful design. It is also necessary to maximize the satisfaction
created in projects and to price developed plots appropriately. Each
design option is associated not only with a particular cost but also
with a specific level of satisfaction for project beneficiaries. There
are many examples of development projects which achieved low cost in a
way which was unacceptable to beneficiaries. For example, in one
project in Central America, the intended beneficiaries of a low-cost
project showed little interest in purchasing plots. The project had
relatively high infrastructure standards (roads, water supply,
sanitation, etc) but small plots. The intended beneficiaries actually
would have preferred larger plots with lower infrastructure standards.
For a similar price, they were purchasing a much larger plots developed
at a lower standard in a nearby unlicensed development. Designers must,
therefore, be sure that they are creating designs with high value to
beneficiaries as well as low cost.

11. The new modelling techniques give planners and engineers the
freedom to choose from among a wide range of options. However, they do
not replace the planners' and engineers' judgement. The information
about design alternatives provided by a model must be combined with
knowledge of local market conditions in order to choose designs which
provide a maximum value for beneficiaries for a minimum cost. Several
examples are given in this report of how various aspects of projects can
be designed more efficiently by using modelling techniques to cost a
range of alternatives and then using knowledge of local market
conditions to choose the most appropriate low cost/high value

solution. In some cases the differences may appear to have little
significance. But when all the potential design and pricing
improvements are considered together. Cost reductions and value
enhancements could be quite significant. The analysis of many projects
has shown that, if all potential design and pricing improvements are
taken into account, the price of plots to low-income beneficiaries could
be reduced by an average of about 50 percent without reducing the
quality of environment provided.

12. The concepts of value and cost are basic to the design
process, and the interaction of cost and value needs to be considered
carefully when using modelling techniques. These concepts and their
relation to the deign process are discussed in Chapter II, and methods
are suggested for assessing the value of development projects. An
illustration is given of the interaction of value and cost as design
changes and of how knowledge of this interaction can be used to plan
efficient projects. In Chapter III, several examples are given of
specific project characteristics which could be designed more
efficiently with a more thorough analysis of cost and value. Chapter IV
takes a wider perspective and shows how entire sites can be planned and
priced more efficiently based on an improved analysis of options for the
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costing and pricing of land for residential, commercial and public
use. Chapter V looks at the traditional planning process and suggests
how the types of analysis illustrated in Chapters III and IV can be
brought into a new planning process which would take advantage of the
new modelling techniques.

II. THE VALUE AND COST OF DEVELOPED LAND

13. The value of a site design, as perceived by beneficiaries, is
dependent on the design characteristics, as are the development costs.
But high development costs do not necessarily lead to high value. It is
therefore important to evaluate separately design factors as they
influence value and as they affect the cost of development.

A, Value of Developed Land

14, The value of plots of land to beneficiaries depends on how
they perceive the benefits and disbenefits that come with ownership of
the plot. The benefits can usually be assigned to one of three
categories: (a) convenience; (b) future incomej; and (c) social status.

(a) Convenience benefits. Plot size, plot frontage, the
quality of infrastructure and social amenities,
accessibility, and availability of public transportation
are the major factors that will determine a potential
user's evaluation of a plot's convenience benefits;}

(b) Income benefits. The value of a plot will be enhanced if
future income can be derived from the plot, for example,
whether the plot can be used as the location of a shop, a
large commercial building, workshop, or whether it can be
rented to tenants. These benefits depend on both design
factors and land use regulations}

(c) Social status benefits. Housing is usually perceived not
only as shelter but as a symbol of social status. The
location of housing can have a connotation that will
increase or decrease its value, regardless of convenience
or future income benefits. And within a given site,
design can enhance or diminish status benefits. A group
of large and well maintained plots that is accessible
only by passing through a lower income settlement will
have a much lower value than its other benefits would
justify.

15. One way to assess the value of different site characteristics
is to assess the rents that individuals would be willing to pay for
them. Consider, for example, Figure II.l which illustrates the
relationship of rents which individuals would be willing to bid for
similar plots in different locations (sometimes called 'bid-rents'). A
commercial establishment would be willing to pay relatively high rents
for more convenient locations because of the income that could be
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derived and it would have little interest in remote locations. A lower
income household would be willing to pay less rent even for convenient
locations, but they

would be willing to pay low rent for locations not demanded by others.
If

similar bid-rent functions were drawn for all firms and households, it
would be possible to trace a market curve indicating rents which would
be bid by firms and households for similar plots at different locations.

16. In many situation market rents are the best available
indicators of the value which potential beneficiaries would place on
design characteristics. In other cases, market price data may be
available and may provide a better indicator of value. (Prices may be a
better indication of value where there is a large economic benefit in
home ownership). Although governments make many attempts to control
rents and prices of land and housing, there are often enough market
signals available to planners to judge the value people would assign to
various design characteristics, especially since large segments of
housing and rental markets often are informal, outside the effective
control of governments.

17. Although market rents or prices usually provide the best
available indicator of the value beneficiaries would place on design
characteristics, it is sometimes necessary to adjust market information
for factors which may not be fully reflected, such as safety, long-term
maintenance costs and the need to protect the environment. The value of
amenities such as clean air and groundwater or reduced maintenance costs
to local government may not always be reflected in the rents which
beneficiaries would be willing to pay. However, these types of factors
must be considered very cautiously and not introduced in a way which
would diminish the satisfaction to beneficiaries or make development
unaffordable.

18. Empirical methods have been developed for determining the
market value of various attributes of developed land and housing such as
plot size, access, provision of utilities, sanitary facilities and
density. This involves detailed household and business surveys to
assess how the provision of these types of i7rvices would affect the
market price of developed land and housing.=

19, Planners can often use their own knowledge of local market
conditions to estimate the relative values of plots (in terms of rents
or prices individuals and firms would be willing to pay). A simple
illustration shows how the relative values of six plots can be estimated

1/ James Follain and Emmanuel Jimenez, Estimating the Demand for
Housing Characteristics: A Survey and Critique, World Bank Report
NO. UDO-42, October, 19830

Follain and Jimenez, The Demand for Housing Characteristics in
Developing Countries, World Bank Report No. UDO-43, October, 1983.
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by simply looking at their locations, infrastructure standards and
proportions (see Figure II.2). Plot A, located at the intersection of
two major roads, has high potential value for commerce. Plots B and C
are both located on a major road, and both have the same area, but B has
a wider frontage (12.5 meters) than C (10 meters). It will be possible
to build a detached house on B, whereas it will only be possible to
construct a semi-detached house on C. Plot B is, therefore, likely to
have a higher value. Plot E will have a higher value than D (but less
than A, B, or C) because it too is located at the intersection of two
streets and has a slightly higher commercial potential, even though the
two plots are the same size. Plot F, located on a narrow pedestrian cul
de sac, will have the lowest value of the six plots. It has little
potential commercial value, it has the least advantageous infrastructure
(i.e. no vehicular access), and the design of any building for the plot
will be constrained by its narrowness.

20. Value ranking as illustrated above would, of course, have to be
based on a knowledge of local preferences. There are no universally
applicable rules for determining value. Narrow plots, for example, are
sometimes acceptable to upper income groups in societies where there is
a tradition of urban row housing, as in Amsterdam or Bangkok. But a
narrow plot might not be acceptable even to low income groups in
countries where there is a strong tradition of patio-type houses, as in
North Africa or West Asia. It is therefore essential for the planner to
have a good understanding of local preferences before designing a new
community.

21, When detailed market studies are not available, it is possible to
examine price data for housing which has been bought or sold. From a
limited sample of such data, planners can extrapolate a more complete
set of market prices by using premium or discount coefficients to
reflect variations in location, plot size, plot shape, infrastructure,
and social facilities. Unfortunately, however, market price data may
not be accurate (for example, due to under declaration of sales prices
to avoid taxes), and it may only be available for upper and middle
incomes groups where transactions are registered.

22, 1In situations where detailed market data are not available, two
types of surveys can be considered to improve the planners' knowledge of
the value beneficiaries would place on certain design characteristics:

(a) Physical Observation of the Housing Stock of the Target
Croup. This type of survey will consist of (i) locating
sample groups of housing occupied by a specified target group:
(ii) selecting representative households for case studies;
(iii) measuring and recording key features of the plot, the
house, the street and nearby open space; (iv) inferring from
these observations some priorities and minimum requirements
for community planning (such as minimum acceptable plot sizes,
infrastructure needs, usefulness of open space, etc.); and,
(v) if possible, relating household expenditures to the
physical features observed.

(b) Target Household Demand Surveys. This type of survey requires
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more time and more qualified enumerators than a survey of
physical features. Target group households are asked their
preferences among design options and the trade-offs they would
make between several key layout and infrastructure
characteristics within the household budget constraint. This
gives direct insight into the value that households would
place on key design characteristics.,

B. The Cost of Developed Land

23. It is important to understand the relative values which
households attach to various design options since maximizing value is a
key objectives in planning a site development. However, since we are
concerned with accommodating a full range of social groups and since
government does not have the resources to subsidize development projects
at the required large scale, our objective needs to be further defined:
to maximize the value created for the specified target groups within a
cost which is affordable.

24, It is possible to establish an overall affordable cost within
which a project must be planned. But many different layouts could be
designed for the same cost. It is important, therefore, to analyze the
cost of each design characteristics and the trade-offs between
characteristics within the overall cost constraint., By having a range
of affordable designs to choose from, planners can strive to choose the
design with the greatest value.

(1) Establishing Affordability

25. It is first necessary to establish the amounts that households
in the designated target groups would be able to pay for the types of
development that we are likely to provide. In some cases, household
budget survey data may be available to indicate household incomes, the
percentages of incomes available for monthly housing payments and the
amounts affordable as down payments. In other cases it may be necessary
to observe local rental markets to determine the amounts of rent paid by
each group. In both cases these amounts are likely to have to be
adjusted since currently observed payments by the largest group are for
land and housing, and only developed land will be provided in the
design. However, in many cases households may be willing to increase
their monthly payments and down payments over current levels if they
have the opportunity for ownership and if they would have improved
levels of services.

26. If affordable downpayments and monthly payments are known, it
is possible to calculate the total amount that can be spent per
household. This is done by capitalizing the affordable monthly payment
using the market interest rate. Since our objective is affordability,
it is important to use a market interest rate so that the cost target
thus calculated would be affordable without recourse to scarce
subsidized financing.
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(2) Variations in Cost as Design Changes

27. Since savings on one design characteristics can be used to
enhance others within the affordable cost constraint, it is important to
know how cost would vary with changes in the main design
characteristics. The amount of variation in cost depends on complex
interrelationships with other design characteristics and will be
different in each case.

28. To illustrate, Figure II.3 shows a block of 8 plots of 180
square meters each (called A plots), accessible by 12 meter streets on
both sides of the block. The cost of roads, drainage and sidgwalks is

$10.51 per gross square meter and $7.25 per net square meter.=/ Let us

add four 90 square meter plots (B plots) served by a street 6 meters
wide between the 180 square meter plots (Layout 2, Figure II.3). We
then continue adding 90 square meter plots (Layouts 3 and 4) up to 40
plots. The average cost per net square meter varies as the number of 90
square meter plots increases. It increases sharply when only a few 90
square meter plots are added; it then decreases progressively as the
number of 90 square meter plots grows to 40 at which point it reaches
only $§3.75 per net square meter.

29, The average cost per net square meter of 180 square meter
plots remains constant (Figure II1.4), since their number does not
change. The variation of the average cost of development is due to the
addition of 90 square meter plots. If only two 90 square meter plots
are provided, their average cost per net square meter is nearly three
times that of the 180 square meter plots, due to the large amount of
additional roads and infrastructure required to service only two
plots. However, as the number of 90 square meter plots increases and
the additional cost of roads and infrastructure can be spread over a
large number of plots, the average cost per net square meter decreases
rapidly.

30. This example demonstrates the importance of sensitivity
analysis order to understand how costs vary as design changes. Even
though the smaller plots have a lower infrastructure standard, the
average cost of development actually rises if only a few of them are
introduced into the design. The average cost is reduced as more plots
are added, but the cost savings are much more significant for the first
twenty plots than for the second twenty.

C. Variations in Cost and Value

31. The amount of satisfaction created in a design--its value--is
not necessarily linked to the cost. For example, in Figure II.3, Layout
1, the cost of producing plots B is more than twice that of plots A, but
the plots B would have a lower market value since they are smaller, less

li The cost per net square meter refers to the cost of saleable land
after roads and other non-saleable land have been subtracted from
the project area.
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accessible and have a lower standard of infrastructure. Figure II.4
illustrates how the value of plots B is likely to vary as their number
increases. When the number of plots ranges from 2 to 16, the market
value (measured as the price beneficiaries would be willing to pay net
square meter) would not vary greatly, since within their range
additional plots would not create large benefits or disbenefits to
individual plot holders. But when the number of plots increases beyond
16 the average market value of plots would decrease, and it would
decrease sharply if the number of plots were increased beyond 32.

32. When the number of plots is small, the street serving the
plots would have a semi-private character. But if the number of plots
were increased, the narrowness of the street would give a feeling of
overcrowding, and the average value of plots would decrease. This
decrease in value is logical, but the exact profile of the curve
reflects individual tastes and cultural factors, and it would be likely
to differ somewhat among societies.

33. Let us now consider average cost and average value together.
In Figure II.4 we note that average price of plots B is greater than
their average cost if the number of B plots is between 10 and 38. The
difference is greatest between 20 and 28 plots. An efficient design
would be in this range where the difference between satisfaction (value)
and cost is maximized.

34, In a typical design process, planners have to consider the
relationships of value and cost for a number of design

characteristics. The above type of sensitivity analysis can help to
improve design efficiency, especially when it is focused on the main
design characteristics which account for large percentages of total cost
and on those of which cost and value are very sensitive to changes in
design. :

35. In the extreme case, a process could be envisioned which would
measure the sensitivity of cost and value to all the design options in a
proposed development and optimize them simultaneously to create the
greatest possible value within an affordable constraint. However, this
would be mathematically complex, and it is unlikely that sufficient data
would be available. Such a complex methodology would generally not be
practical and is not recommended. However, many designs could be
improved if planners analyzed more systematically the sensitivity of
cost and value to some of the main design options and integrated this
knowledge into the normal planning process. Several examples of this
type of sensitivity analysis are given in the following section.

III. THE IMPACT OF DESIGN ALTERNATIVES ON COST AND VALUE

36. This section discusses the effects on cost and market value of
changes in key design characteristics: plot frontage, block length,
street width and infrastructure standards. The object is not to
demonstrate "correct" design solutions. The most desirable solution
will usually be different from case to case. However, these examples
show the importance of careful analysis of design options.
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A. Plot Frontage Variations

37. Let us design a block 60 m long which contains plots that are
35 meters square (see Figure III.1). Also assume that access to the
block is by a street 6 m wide, and that the streets at each end of the
block are 8 meters wide. We will then measure the cost per square meter
as plot frontage varies from 2.75 m to 5.25 m, with plot area staying
constant. Line 34 of Table III-1 shows the variations in cost per net
square meter for eleven different plot frontage sizes. The increase in
cost as the plot frontage increases is due in part to an increase in the
quantity of materials used, but the largest part of the increase is due
to a change in the percentage of street area (line 12 of Table III-1).

38. Let us now estimate the prices that households would be
willing to pay for plots of different widths. These prices will be an
indicator of the degree of satisfaction or value that the household
expects to derive from the plots. The households' degree of
satisfaction would largely depend on the degree to which house design
would be constrained by the plot shape. If plots were only 2.75 m wide,
for example, the rooms would have to be extremely narrow, and although
two rooms could be built, none could have separate access. It would be
difficult even to provide space for a staircase to enable vertical
expansion. Thus, the narrowness of the plots would give them a low
value.

39. If the plots were 4.25 m wide, it would be possible to build
two rooms with independent access on the ground floor, and there would
still be enough space for a staircase. Thus, this shape plot would
provide greater user satisfaction. But if plots were still wider, say 5
m wide, satisfaction would diminish. The wider plots would not be deep
enough to build two full rooms on the ground floor.

40, Cost and value are plotted as functions of frontage in Graph 1
of Figure III.1. 1In this case, greater efficiency (difference between
cost and value) is reached when plot frontage is between 3.35 m and 4.85
m. An indicator of efficiency can be derived by calculating the
difference between value and cost of each option as a percentage of cost
(see line 38 of Table III~l and Graph 2 of Figure III.l). Coefficients
calculated in this way indicate that a plot frontage of about 4.10 m
would be most efficient. It is important to note that in this case the
cheapest solution is not the most efficient, and that the most expensive
solution does not necessarily mean a higher degree of user satisfaction.

41, The two graphs in Figure III.l are, of course,

case-specific. Therefore, no general rule can be deduced from them as
to the most efficient plot frontage in all cases. If the plot area were
increased from 35 to 45 square meters, both the cost and value curves
would have different profiles and the most efficient frontage would also
be different.



FIGURE III.1

o ok - ~ = =~ w g0 g g0 )
M 8 ® 8 ¥ 8 A 8 ® 8 I
kouararyya ubisag | / 1
AN . / 4 02
/ \ 1mhc
/ \ lc_u
N A 3¢
Ll —/Jr—br____ Litl Ll I O O O O I | i l ittt ____LQ
UL __J/. rriryrrnri LI Trrryreed I UL LI ____lm
// \\ H 01 ,m_
< —~ a %
\ Joe & —
] 1e 3 v o'y * dboyuoy s0g
r S
(w)3boyuos; 014
a o x> > s A W W W W N
! nN [wn] ~ 9] nN o ~J un nN () ~
“ wn () un (=] n (@] [8)] (=] un (@) C._w
—t il UBLLBL 1TTTrryrerid LRI LU LU LI ___d\____lm
_ 4 401
v 111
y — 21 ¥
pE—— |
AY —— = —
s \ 5 1
\ 7/ -
< L1
1509 //: a\\ g1 W b
e o J61 2 0517 ¢ abojeuy Yoig
"= = Joz 2
12 & o Do g
22

S3SVIYINI 3IVINCYH4 1071d NIHM
ANTVA 1077d ONV LSO JUNLINYLSVYANT NI SNOTLVINVA



- 16 -

TABLE 111-1  -DEVELOPMENT COST AND DESIGN EFFICIENCY WHEN PLOT FRONTAGE VARIES

)
5
b
7
8

)

10
i
12
13
14
13
16
17
18
19
20
2
22
23
2
3
26
Y
28
2
30
)|
32
3
34
35
36
37
3B

PLOT WIDTH 7% 300 3,25 3.50 373 400 4,25 450 473 .00

Plot area B 35 33 33 33 33 35 33 33 35

Plot length 12,73 11.67 10,77 10,00 9.33 8.75 8.24 7.78 7.37 7.0

Nodule area  1887.2 1760 1652.3 1340 1480 1410 1348 1293 1244 1200

% Circulation 29.86 31.06 32,22 33.33 3441 35,41 36,48 37.46 38.41 30.33

Cost of Roads 3509 3384 3277 3187 3109 3040 2979 2926 2877 2804
Water 2934 2791 2649 2599 2286 2252 2183 2289 218 A7
Sewer 2729 2581 2468 2412 2464 2423 2340 2104 2070 203%

Total cost 9192 875 8414 8196 7859 7715 7302 7289 716% T0W7

Cost/gross a2 4,87 4,98 5.09 526 531 5.47 5.5 5.6 576 587

Cost/net 92 6,94 2,22 7.5 7.88 8.10 8.47 876 901 9.3 9.8

Land cost/e2 2

0ff site c/a2 3

Phys.conting, 81
Design Superv. 12 %
Interest d.con 91

TOTAL DEVELOP,
COST/GROSSM2= 9.2611 9.3986 9.5532 9.7679 9.8405 10,033 10.177 10,272 10.433 10,582
/NET N2 = 13,204 13.433 14.094 14,431 13,003 13,363 16.021 16,424 16.940 17.442

PRICE /NET M2= 4,00 9.00 13.00 16,00 18.25 19.50 20.00 19.50 18.25 14.00

DESIGN EFFIC.X -69.71 -33.98 -7.77 9.21 21.44 25,28 24.83 18,73 7.4 -8.27
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B. Variations in Block Length

42, Variations in block length can have an important impact on
cost. Generally there are economies in road space and infrastructure
which reduce average development costs as blocks are lengthened.
However, as shown in Figure III.2, the amount of cost savings will vary
depending on the type of pattern used.

43, As pattern A is lengthened, there are especially from 40 to 60
meters, large savings in average development costs. Pattern B is more
efficient to begin with because it has less circulation space
(peripheral roads are narrower although a courtyard is created in the
middle). Lengthening pattern B reduces average cost only slightly.

44, This example illustrates the importance of careful analysis.
Rules of thumb about block length and other design characteristics are
of limited use because each case is unique.

C. Variations in Road Width

45, An analysis of variations in road width is shown in

Figure III.3. Plots of 60 and 65 square meters are grouped along a loop
road connected to an 18 m wide road. The plots facing the 18 m road are
85 square meters. The loop road is 4 m wide in the first option, 6 m
wide in the second, and 8 m wide in the third. The development cost per
square meter and the percentage of circulation corresponding to each
option are shown in Table III.2. Doubling the width of the loop road
increases the cost of development per net square meter by about 20
percent. The market value of the 85 square meter plots would probably
not change, since they do not benefit directly from a widening of the
loop road. Although the additional open space of a wider road may
contribute some value to the 60 and 65 square meter plots, this would
probably be limited, since occupants of the plots would not own cars.
Increases in average plot values would be unlikely to offset cost
increases in the second two options. Thus, the first option would be
the most efficient.

Table III.2: DEVELOPMENT COST WHEN ACCESS STREET WIDTH VARIES

Street width in meters 4.00 6.00 8.00
Development Cost/Gross M2 7.90 8.20 8.42
%Z of Circulation Area 21.50 26.24 30.55
Development Cost/Net M2 10.07 11.12 12.13

D. Variations in Infrastructure Standards

46. In the preceding examples we measured the effects of layout
changes on cost and value; infrastructure standards were held
constant.
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Similar sensitivity analysis can be useful holding layouts constant and
varying infrastructure standards. Some infrastructure standards affect
both cost and value--for example, type of road surfacing--but many
variations in standards which are not directly visible may have little
effect on market price although they have a large impact on cost. For
example, cost can be reduced by underdesigning the storm drainage system
without initially affecting market price. In these cases, designers
should adjust values to allow for long term benefits or disbenefits
which may not be reflected in market prices or rents.

IV. DIFFERENTIAL LAND PRICING

47, In the previous sections we have seen how the average cost and
value of plots can be varied by changing individual design
characteristics. The examples shown thus far involved relatively small
sites with only a few plot types. In large developments, there is an
opportunity to provide a much wider mix of plot types, including
residential plots for a range of income groups as well as plots for
small-scale commercial and industrial use. Larger developments give
planners the opportunity both to create a socially mixed community and
to vary the pricing of plots to make the development more affordable to
the lowest income groups.

48. Plots have traditionally been assigned prices based on the
average cost per square meter of developing an entire project site.
Larger plots cost more, but the cost per square meter did not vary, even
though some plots were better and benefited from higher standard
infrastructure than others. Thus, a first step that planners can take
towards more equitable pricing is to calculate the costs of the
different areas in project sites more accurately. But we have seen that
cost and value are not necessarily the same. Thus, some areas of a site
may have a higher market value than they cost to create, and they can be
used to generate a surplus to lower the price of other areas.

49, This assignment of differential prices should not be seen as
the final act of the planning process. In fact, if planners recognize
in advance the potential different values in a site, they can exploit
areas with high potential value for the benefit of residents. This
latter point is especially important and deserves some emphasis, since
it is frequently overlooked in practice.

A. Accurate Plot Costing

50. In most land development schemes, development characteristics
will not be uniform throughout the entire site. Some streets will be
wider than others, the various individual plots will have different
sizes and different proportions, and infrastructure standards will
differ from one plot to another. A land development scheme can be
compared to several different types of products manufactured in the same
factory. One way of determining the production cost per unit would be
by dividing the total cost of production by the number of units
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produced. But this average production cost, although arithmetically
correct, would not be very useful, since it does not indicate the
different costs of different types of units. For this reasons,
different methods of cost analysis are preferable in assessing land
development. One of these is the calculation of spot development cost,
which is the cost of development in a specific area.

51. Figure IV.l shows a simple layout with four types of plot
accessible from four types of streets. One way of evaluating the
development cost per square meter would be to divide the total cost of
development by the total area. However, since roads, open space and
some community space cannot be sold, it is more useful to divide by the
amount of saleable land to calculate the net development cost per square
meter. The average net development cost for a site can give a general
indication of overall development costs, but it is of limited use for
pricing plots, since the costs of producing different types of plots
will obviously be different. The average cost will be less than the
actual cost of producing the most costly type of plot and more than the
actual cost of the least costly type. Thus pricing using average cost
can result in an internal cross subsidy benefiting beneficiaries of the
highest standard plots at the expense of beneficiaries with lower levels
of service.

52, Planners usually try to design progressive cross subsidies
into projects to benefits low income groups. However, it is difficult
to do so when the production costs of each plot type are not known. To
illustrate, the two layouts in Figure IV.l are identical, but in the
second layout plots with similar characteristics have been grouped into
four separate zones. Circulation space (streets and footpaths) accounts
for 26.6 percent of the entire site, but this percentage varies widely
among zones. It is 41.4 percent in Zone 1 but only 12.5 percent in Zone
4, Assuming a typical set of unit costs, the average cost of
development per net square meter varies from $7.33 in Zone 1 to $1.91 in
Zone 4. A typical pricing system based on insufficient cost information
might price plots in Zone 1 at $6.00 per net square meter and plots in
Zone 4 at $3.50 per net square meter in an effort to benefit low income
groups. However, this would actually result in a regressive cross
sudsidy from Zone 4 to the larger and better serviced plots in Zone 1.

53. It can be complicated to disaggregate development costs into
uniform zones. To simplify the process, those costs which contribute to
the benefit of particular zones can be separated from those which do not
and therefore should be averaged. For example, sidewalks in Zones 1 and
2 contribute to their enhanced value and should be added to the spot
development costs of those zones. But a water tower located in Zone 3
would not result in a benefit only to that zone and its cost should be
averaged over the whole site (assuming that water consumption will be
uniform throughout the site).



FIGURE IV.1

- 20 -

ENNWNY

7/ 2,

N\

%06 ¢l
%0% "91
x19°ee
Iy

16°1

6 °C

v €69
cW Iu/¢ €E°L

iy 8uoz
¢ Buoy
12 auoz
[ auoz

ty Buoz
e Buoz
12 8uoy
[ auoz

‘uotqo[nodrd jo abbjusouay

41692 uOTIID[NIJI0 4o abbjusouay abbueay
3500 quaudo[aAsg 2w jau/$ yEY ¢ 1500 juaudo[oaag aboJaay

ANGZ ¥3d 1S03 IN3IWHGT3IA3IA ONV LS0J INIWJOT3IA3A 3IVY3AY



- 23 -

B. Creating Value Through Careful Planning for Differential Land
Pricing

54, The above example showed how pricing can be made more
equitable based on a more accurate analysis of cost after a project is
developed. The following example will show how value can be created in
the design of a site without incurring large additional costs. In this
example, six alternative layouts have been prepared (see Figure IV.2).
Table IV.l summarizes the costs and pricing of each layout.

55. Let us assume that housing sites must be designed to
accommodate households earning about $60 a month. Market surveys:
indicate that these households would be willing_to pay 12 percent of
their income ($7.20 a month) for a plot of 50 m? accessible through a
street 4 m wide. Capitalized at a market interest rate, this means that
they can pay a price per net square meter of developed land of $14.53.

56. Case 1 in Figure IV.2 is a theoretical layout where all the
plots are alike with similar infrastructure standards and locational
advantages. In this cage, all the plots would have the same market
value: $14.53 per net m“., Assuming a typical set of unit costs, ths
cost of development in case 1 can be calculated as $22.35 per net m
(see line 4 in Table IV.1). Thus, there is a deficit between the
development cost and the market value equivalent to 35 percent of total
investment.

57. The same number of plots of the same size have been produced
in case 2, but the plots have been grouped so that some are facing a 14
meter street while others face a 4 meter pedestrian street. In this
case, development costs are slightly lower because the drainage network
is shorter and because of reductions in street lengths (see Table

IV.1). By introducing 14 meter streets, however, we have created a
number of plots facing streets capable of carrying vehicular traffic.

In Case 2, the difference in plot value is disrsgarded and all purchases
are assumed to pay the same price! $14.53 per m“. The ratio of value to
cost would improve slightly because a more efficient drainage system can
be designed for the layout but the ratio is still negative, amounting to
21.35 percent of total investment.

58. In Case 3 the advantage of the higher value of plots facing 14
meter streets is taken into account, and two categories of plots are
recognized: plots A facing 4 meter streets and plots B facing 14 meter
streets. We assume that households with higher incomes than the
original target_group would be able to afford 7 higher price for plots B
of $21.80 per m? (see line 11 in Table IV.1).3/ The proportion of plots
A is 71 percent, of plots B 29 percent. Although plot B purchasers,
whose income is estimated at $90 per month, are not part of the original
target group, the high proportion of plots A would probably still make
the revigsed plan consistent with project objectives. In spite of these
improvements, cost would still be more than market value by 10 percent
of total investment.

1/ In an actual planning exercise this would be established through
market surveys.
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DIFFERENTIAL LAND PRICING AND DESIGN EFFICIENCY
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TABLE IV.1  -DEVELDPNENT COST, PRICE AND LANDUSE CORRESPONDING TO THE 6 CASES PRESENTED ON FISURE IV.3
CASE®! CASEH2 CASER] CASEM CASERS CASE#

Cost of land & infra.
1 per gross #2 = 13.30( 11,00 11.00 11.00 10,39 9.88
2 I of circulation = 40.48] 40.48 40,48 40,48 31.08 27.44
3 Nusber of plots = 1127 12 112 112 138 136

Lost of land &t infra.
4 per net a2 = 22,331 18.48 18,48 18.48 15.08 13.40

PLOT TYPE : A f A B A B A At B [ Al
3 1 of type in layout= 100,00{100.00] 71.00 29.00| 43.00 57.00| 47.00 29.00 24,00| 47.00 29.00 24.0
[ Monthly incose = 60 60 60 90 40 90 40 50 90 80 40
7 1 of inc.for plot = 12 12 12 12 12 12 12 12 12 12 12 i

Affordable sonthly
8 paysent = 7.20] 7.20f 7.20 10.80( 7.20 10.80] 7.20 .00 10.80) 7.20 7.20 9.4

Total affordable

9 price /plot = 72b.561726.36|726.56 1089.81726.56 1089.8725.36 405,46 1089.81726.56 724.56 948.7
10 Plot size = 50,00 50,00 50,00 50.00; 350,00 350,00} 50.00 42.24 50,.00| 50.00 350.44 350.00
it Sale price /a2 = 14,53] 14.53] 14,53 21,80 14,53 21.81| 14.33 14,33 21.80) 14.33 14,35 19.37
12 RATIO PRICE/COST (%)= -34,99|-21.35 -10.11 1.13 7.93 14,71

The financial terms used for all plots are: 12% interest over 20 years, 101 down payment.
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59. In Case 4 the B plots are arranged differently on the 14 meter
roads, thus doubling their number and the area which could be marketed
for a higher price. This would not affect development cost. In this
layout, the market value of plots would exceed cost by about 1

percent. However, plots B would account for 57 percent of plots.
Although Case 4 has a positive value/cost ratio, it is likely to be
unacceptable, since the original target group would be a minority in the
project. By trying to improve design efficiency, we have shifted the
project toward a higher income group.

60. In Case 5, two 14 meter streets are replaced by 4 meter
streets, thus reducing the number of B plots. En d01ng o, new A plots
are created but their area is reduced from 50 m”~ to 42 m (plots Al).
This new sized plot is likely to be affordable to a slightly lower
income group with a monthly income of $50. The elimination of the 14
meter street on both sides of the si§e plan would lower infrastructure
cost from $11 per m“ to $10.39 per m“, and the street area would be
ereduced to 31 percent of the total site from 40.5 percent in the other
layouts. In this case, value now exceeds cost by 7.9 percent, and 76
percent of the plots would be affordable to the original target group
and the new slightly lower group (47 percent plots Aj; 29 percent of
plots Al; 24 percent of plots B). However, although this site plan is
largely affordable to target households, its design efficiency could be
further improved.

61. In Case 6, the width of the axial street is reduced ftam 14 to
10.5 meters2 thus reducing infrastructure cost from $10.39 per m

$9.88 per m“ and street area from 31.08 percent to 27.44 percent (see
Table IV.l). The value of B plots would be less, reflecting the reduced
width of the axial gtreet. The size of Al Blots in this layout is
increased to 50.5 m“, but their value per m“ would still be slightly
lower than that of A plots because their frontage is 4.8 meters,
compared to 5 meters for A plots. The ratio of price to cost would now
be 14.71 percent. The proportion of A and Al plots in relation to B
plots is satisfactory from the standpoint of public policy. All target
group plots are meeting the affordability and market requirements
established at the beginning of the planning exercise.

62. Thus, through relatively small design and pricing
modifications, it is possible to improve the design efficiency ratio
from minus 35 percent to plus 1l4.1 percent. These differences are not
"insignificant. On a 50 hectare site a design similar to Case 2 would
cost $0.5 million more than a Case 6 design and accommodate 1,300 plots
less. The Case 2 design would lose about $1.2 million while the Case 6
design would generate a surplus of $2 million. Additional design and
pricing options could also be contemplated--for example, increasing the
amount of area devoted to plots B to give them a higher market value.

63. As mentioned, the last efficiency ratio in Table IV.l
indicates a surplus. It is up to policy makers to decide the best use
of this surplus. It could be used, for example, to create a revolving
fund to finance more projects, but it could also be used to reduce the
price charged the lower income target groups. This type of subsidy
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(with sale price below market price) could be justified given the
instability of household incomes at this level and the need of
households to spend more initially on house construction. An efficient
design would be achieved since market value was maximized for a given
cost, even though some plots were sold for less than their market value.

64, The above example shows the advantage of identifying the
potential prices of developed land by zone at the earliest stage in site
design. The designer should keep in mind the potential impact on value
of each design option. The key is to design areas where high income
residents would pay greater percentages of infrastructure cost than low
income residents. Since street width and infrastructure standards are
important determinants of value, and since infrastructure standards
depend on street width, there should be a price zone corresponding to
each different street width. The depth of each price zone should be
based on market conditions. In the above example, the depth of plots in
price zone B was first established at 5 meters in Case 3, then at 10
meters in Cases 4, 5 and 6. In a real situation, and prior to any
design work, the depth of plots that would fetch a higher price on a
given type of street should be established, based on market

conditions. The proportion of high priced zones in the total project
should be consistent with the original project objectives.

65. Because a good design will have varying road widths, it will
seldom be possible to design and price a project equitably with all
plots affordable by one target group. But a variety of income groups is
desirable anyway, from both a design efficiency and social point of
view. Plots for higher income groups are usually a necessary by-product
in sites designed largely for low income groups. The skill of the
designer lies in balancing price zones and street widths in a way that
preserves the objective of supplying an adequate proportion of plots to
the low income target groups. The balancing of price zones is a very
effective way to make plots affordable to an entire range of income
groups, and is often more effective than simply reducing overall
infrastructure standards. It requires a good knowledge of market
conditions.

C. Pricing and Location of Commercial and Public Space

66. - The above example illustrated how the careful mixing and
pricing of residential areas in a new development can enhance the
quality and the affordability of the community. The following examples
illustrates how the careful location and dimensioning of commercial and
public space can contribute to the value of a development and make
residential plots more affordable without lowering standards.

(1) Location and Dimension of Residential and Commercial Plots

67. The most valued commercial locations are usually those which
are most accessible. This is true within individual neighborhoods as
well as on a city-wide level. In many planned developments it is
assumed that the most accessible area would be in the middle of a
development, but in fact this is seldom the case. Because people's
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!
normal daily movement takes them from inside residential areas towards
peripheral main streets, people do not normally pass through the centers
of their communities. Commercial facilities which are located there are
typically underutilized. At the same time, Government feels obliged to
prevent shops from springing up in other areas which are zoned for
noncommercial use, and the potential value of these areas is lost.

68. Shopkeepers would often prefer to locate their shops at
intersections, close to bus stops, and along roads with the greatest
pedestrian and vehicle traffic, and they are willing to pay to do so.

If these preferences are anticipated by planners, the potential value of
well located sites can be exploited in the design and pricing of the
development. For example, pedestrian movement can be concentrated along
one or two streets in a development, thus increasing the commercial
value of land along these streets. The value of commercial plots along
these streets can be captured for the benefit of the target groups.
Although it is frequently argued that commercial establishments should
not be placed near roads and intersections with heavy traffic, it is
possible to design facilities in order to minimize congestion (for
example, by using service roads).

69. The size and dimensions of commercial plots are also important
factors in determining their value. Different types of commercial
activities require plots of different shapes and sizes. It is important
to analyze the precise needs of small businesses prior to designing the
space to accommodate them.

(2) Location of Public Facilities

70. Careful location of public facilities can also contribute to
design efficiency. Parks and schools usually account for about 80
percent of public land in developments. Their requirements are
different from those of commercial facilities. Parks and schools must
be at a reasonable walking distance from the homes of the residents they
serve, but unlike commercial facilities, they do not have to be located
on the main pedestrian or vehicular streets of the community. Indeed,
it is preferable to locate these facilities in areas where the value of
land is lowest--i.e., away from areas most suitable for commerce and
high income plots. In this way the value of well located land can be
fully exploited and public land which must be paid for either by the
residents or a government agency will have a low value.

71. The following example illustrates how a change in the location
of community facilities can significantly improve design efficiency.
Figure IV.3 shows two alternatives layouts: on layout 1, a park and a
school have been located along a main road; on layout 2, the park and
the school have been located along minor 5 m streets. Plot sizes and
street standards are the same for both layouts. Table IV.2 shows the
difference in design efficiency for the two layouts assuming a typical
set of unit costs and plot prices. The cost of development per gross
square meter stays the same for the two layouts, while the percentage of
circulation is slightly lower in layout 2: 22.57 percent instead of 22.7
percent in layout 1. Layout 1, however, shows a deficit (lower value
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TABLE IV.2 -CHANGES IN DESIGN EFFICIENCY FOR ALTERNATIVE LOCATIONS OF COMMUNITY FACILITIES

A 8 ¢ D0 E F 6 H I 1 K L M N 0 °
Base Phys. Design Inter. to be
UNIT COSTS, cost Cont, S.iMgt d.con. recovered

5 Land 1.50 0 2 9 1.47

] Site preparation 0.50 10 12 9 0.47

1 On site infrastruct, 4.75 10 12 9 5,38

] 0ff site infrastruc, 0.30 10 12 ¥y 0.4

9 .......

10 #TOTAL COST/GRDSS M2= 9,39 9.3%
LAND USE AND AFFORDABILITY CORRESPONOING TO FIBURE IV.3 -

LAYOUT 81 LAYOUT #2

12 LAND USE LAND USE

13 Total area {ha)z 3,1725-=-cwmemmen Total area tha)=s 3,1725--===~--->~

14 1 of circulation = 22.72isale price 1 of circulation = 22.57isale price

15 1 of open space = 12.0biper net a2 % of open space = 12,06iper net a2

16 Community facilt, a2 0 0 Community facilt. o2 0 0

17 Primary schools...22 3040 10 Primary schools...e2 3040 10

18 Cossercial area 1 a2 0 0 Comsercial area | o2 0 0

19 #Residential area #2 17631-----n-=-m- #Residential area @2 17679-------<ne-

20 #Circulation area a2 7207.9 #Circulation area a2 7140.3

21 0pen space area a2 3826.0 #0pen space area 82 38260

22 #T0TAL NMBR.OF PLOTS 196 #TOTAL NMBR.OF PLOTS 180

24 +AVER,DEV.COST/NET M2 14.3% +AVER. DEV. COST/NET M2 14,343

26 AFFORDABILITY AFFORDABILITY

27 Plat type f B ¢ D Plot type & B c i
28 Monthly income/hsld 100 110 120 300 Monthly incose/hsld 100 110 0 300
30 Afford.sonthly payat. 10.43 11,59 13.04 34.88 Afford.monthly payst. 10,43 11.39 0.00 34,88
29 Affor.lof income 10.43 10.54 10,87 11.83 Attar.lof incose 10,43 10.54 0.00 11,63
32 Down payment percent 10 10 10 20 Down paysent percent 10 10 0 20
33 VYearly interest rate 12 12 12 12 Yearly interest rate 12 12 0 12
34 Recovery period years 20 20 20 20 Recovery period years 20 20 0 20
36 TOTAL CAPITAL/HSLD 1053 1170 1316.3 3940 TOTAL CAPITAL/HSLD 1053 1170 0 3940
38  Percent of plots 48,98 40.82 4.12 4.08 Percent of plots 42,22 M. 0,00 13.33
39 #numsber of plots 9% 80 12 8 #number of plots 76 80 0 24
40  Plot size .2 81 20 101.25 180 Plot size a2 81 9 0 180
42 Sale price per net 42 13.00 13.00 13.00 22.00 Sale price per net 82 13.00 13.00 0,00 22.00
44 AMOUNT RECOVE./NET M2 13.18 AMDUNT RECOVE./NET M2 14.83

45 * 1O BE RECOV. 14,40 * 10 BE RECOV. 14,34

L1 -8.43 ¥ of total costs SURPLUS/DEFICIT 0.48 1 of total costs

SURPLUS/DEFICLT
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than cost) of 8.43 percent whereas layout 2 shows a slight surplus of
0.48 percent. This difference is due to the high opportunity cost of
placing the park and school along the main street, where land is valued
at $22 per square meter, compared to $13 per square meter for land along
minor street. Yet the park and the school are equally accessible to
users in layout 2 and in layout 1. Design efficiency has been improved
without decreasing standards.

V. THE PREPARATION OF LAND DEVELOPMENT SCHEMES--
PROCESS AND WORK SEQUENCE

72. The traditional design sequence for land development projects
contained three steps which were largely carried out separately. First,
site layouts were designed by planners. Within the constraints of
existing development standards, planners exercised their discretion to
make the physical design aspects of the plan as amenable as possible to
beneficiaries. This included, for example, selecting appropriate street
alignments and plot configuration and locating community facilities and
open space conveniently. In projects for low income households, there
was an effort to choose low cost design features, but planners were not
able to determine the exact cost implications of detailed design
alternatives. Thus, there was usually no assurance that the designs
selected would be fully affordable.

73. Second, layout plans were given to engineers to design
infrastructure such as storm drainage and water supply as appropriately
as possible in accordance with the planners' layout. Costs were then
estimated for the entire design by the engineers. This cost estimation
usually was time consuming, involving the measuring of quantities and
the calculation of costs. Since the site layouts were usually
considered approved by the planners and final at this stage, since cost
. estimation is very time consuming, and since layout design and cost
estimation were undertaken separately by different professional groups,
there were usually little opportunity to go back to the first stage and
modify the layout if the costs were found to be too high. If cost
reductions had to be considered at this or a later stage, it was usually
easiest to consider reductions in infrastructure standards (e.g. street
surfacing, pipe widths), even though these may not have been the best
possible changes.

74. In the third stage, prices and financial terms were assigned
to the project by the managers of the project agency. If the
development was found to be unaffordable for the desired beneficiaries,
there was little alternative to subsidizing the project in order to
accommodate the target group. In projects for low income groups,
subgsidized interest rates and prices which recovered less than full cost
(e.g., prices which omitted the cost of land or some infrastructure)
were common.

75. A central thesis of this paper is that it is possible to
achieve much greater design efficiency by using a design process which
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enables planners to assess the implications of a number of design and
pricing options. This is potentially very important. Analysis of a
number of completed projects which were designed using the traditional
methodology and sequence indicates that cost savings of up to 60 percent
would have been possible in many of the projects. If planners were able
to assess design options more thoroughly to improve-design efficiency,
it would be much less necessary for governments to provide subsidies in
order to make projects affordable. Since the lack of sufficient
government resources for subsidies has usually limited the impact of low
cost shelter programs, improvements in design efficiency and
corresponding reductions in subsidies would help to expand the scale of
many development programs.

76. An improved design sequence is needed which allows much more
weighing of alternative designs and infrastructure standards and their
impact on the cost and value of projects. In such a process, the types
of assessments illustrated in Chapter III of this paper would be done
routinely to arrive at a design with the highest value within the limits
of affordability. The options for differential land pricing illustrated
in Chapter IV would also be considered carefully for each project.

77. Previously such a design sequence would not have been
practical. At best, one or two alternative designs could be planned,
measured, costed and priced within the normal time constraints of
project preparation. Now, the recent development of models which are
based on the mathematical relationships between project design and
infrastructure characteristics and which have been programmed for
hand-held calculators and micro-computers, enables the assessment in a
matter of minutes of alternatives which used to require days or weeks.
This makes a new and much more efficient design sequence feasible.

78. The suggested new design sequence is outlined below. This
improved design sequence could have important consequences for improving
design efficiency in a large number of projects. It will require,
however, some redefinition of the roles of planners, engineers, managers
and other participants in the project preparation process and greater
interaction among all parties.

A. The Model Used for Urban Land and Infrastructure
Pricing, Costing and Design

79. A two-part model has been developed to facilitate the rapid
assessment of alternatives in the design, costing and pricing of
development projects. The model consists of two sub-models which are
based on accounting relationships between the basic parameters of urban
design, including aspects of land use and infrastructure design.
Quantities and unit costs are aggregated to produce total cost estimates
which are checked against affordability. The first part of the model,
called the "Affordability and Differential Land Pricing Sub-Model,"
enables the planner to test preliminary development cost estimates, land
ugse targets and a pricing system for a proposed project to see if they
would be affordable for the desired target groups. Adjustments can be
made as necessary until a satisfactory and affordable balance of
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development costs, land use characteristics, and pricing is reached.
The second part of the model, called the "Detailed Land Use and
Infrastructure Costing and Design Sub-Model," enables the planner to
design and cost detailed site plans which would meet the targets for
cost and land use established by using the first sub-model.

80. Land use and cost models have become increasingly important
lately because of the realization that substantial economies can be
achieved through more attention to land use. The advent of the
micro-computer has made the use of such mathematical models more
practical, since alternative combinations of a number of interrelation
planning variables can be tested very rapidly. The Affordability and
Differential Land Pricing Sub-Model has been developed and tez;ed over a
period of about six years described in previous publications.— It has
been programmed for use with hand held calculators and several types of
micro-computers. The Detailed Land Use and Infrastructure Costing and
Design Sub-Model has been developed more recently and run on a number of
microcomputers. Many CAD (Computer Aided Design) programs available
commercially can perform similar tasks.

B. A Proposed Revised Work Sequence for Land Development Schemes

Phase I: Preliminary Costing, Land Use and Affordability

8l. At the beginning of project preparation, planners may have
only identified the size of a project and the income groups they would
like to serve. Prior to site selection, it is useful to begin to
determine some feasible characteristics for the proposed project. This
will help planners to determine an affordable price for land and to
formulate design targets for the project.

82. This preliminary phase involves the Sub-Model for
Affordability and Differential Land Pricing described above. Work in
this phase includes aspects of all three phases of the traditional
project design sequence, but the cost estimates used are preliminary as
are the resulting design targets. The work involves a trial-and-error
balancing of preliminary cost estimates, design targets and a pricing
system to be sure they would be affordable together. Data required to
use the sub-model are listed in Table V.1l.

1/ An earlier version of this model is described in The Bertaud Model,
A Model for the Analysis of Alternatives for Low Income Shelter in
the Developing World, PADCO, Inc., 1981.

Latter version includes A MODEL FOR THE PREPARATION OF OF PHYSICAL
DEVELOPMENT ALTERNATIVES FOR URBAN SETTLEMENT PROJECTS (THE BERTAUD
MODEL), EDI Training Materials, April 1986.
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TABLE V.1 -DATA REQUIRED AS INPUT IN THE AFFORDABILITY SUBMODEL

———m—mmmm—m——e e | =-he | =g~ | -~ | —~p =~~~ | =~ f - ~—g—-—— | ~-h-~—{-—j-——{-—-j--1--k
LAND AND DEVELOPMENT COSTS
line-—-—----v-mmmm o Unit
number
input 6~ Land cost B/M2
input 7- Site preparation cost B/M2
input 8- On site infrastructure cost $/M2
input 9- Off site infrastructure cost $/M2
oUTPUT 11-+AVERAGE DEVELOPMENT COST PER GROSS SQUARE METER
Rt e v L R e e - R e e T B e R e et
LAND USE {PRICING OF NON RESID.LAND
........ | e —————
input 1S- Total area of site Ha |
input 16~ Percentage of circulation space %o
input 17- " of open space %1
input 18~ fArea occupied by schools  .(.... M2.15ale price of school /M2
input 18- Commercial area ..., M2.!Sale price of commerc. $/M2
QUTPUT 20-+Total residential area M2 area
oUTPUT 21-»TOTAL NUMBER OF PLOTS unit!
QUTPUT 22-#Population density people/hal
QuUTPUT 24-+AUERAGE DEVELOPMENT COST PER NET SQUARE METER /M2
T B e e i e BTy B e B B A B el

PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS

input 28-Plot type

input 29-Monthly income per household E
input 30-Percentage of plots in each type $
OUTPUT 3il-#*number of plots in each type units
input S32-Plot size per type M2
input 33-Sale price per plot type $/M2
QUTPUT 35-+TOTAL PRICE TO BE CHARGED PER HOUSEHOLD $
input 37-Percentage douwnpayment %
input 38~Yearly interest rate %
input 39-Recovery period years
QUTPUT 41-+MONTHLY PAYMENT PER HOUSEHOLD $
QUTPUT 42-»PERCENTAGE OF MONTHLY INCOME %
input 43-Monthly water charges 3
input 44-0ther maintenance charges < 3
QUTPUT 45-»TOTAL MONTHLY PAYMENT PER HOUSEHOLD %
OUTPUT A6~-+PERCENTAGE OF MONTHLY INCOME . %

OUTPUT 58-+AVERAGE PRICE RECOVERED PER NET SQUARE METER 8/M2
ouTPUT 51-+AVERAGE DEVELOPMENT COST PER NET SQUARE METER $/M2
OUTPUT 52-+SURPLUS OR DEFICIT AS A PERCENTAGE OF TOTAL PROJECT COST %
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83. The sub-model combines estimates of average land and
development costs with a target land use breakdown (total area to be
developed, percentage of open and circulation space, etc.). Together
these yield a total development cost per net square meter. The model
then uses assumptions about households' incomes and their ability to pay
for housing, about the percentage of plots of each type to be developed
and about a pricing system. This yields the number of plots of each
type which can be developed and shows whether their cost would be
affordable. The sub-model does not yield "correct" solutions. Rather,
it shows the implications of different assumptions about cost, land use
and pricing. It indicates whether the proposed design and pricing plan
would be affordable to beneficiaries and whether it would generate a
surplus or a deficit for the development agency. The first combination
of cost, land use and pricing assumptions tested would be unlikely to be
the most satisfactory. The model can be used to understand rapidly the
implications of changes in any one or a combination of assumptions. A
series of iterations can be used to arrive at the most satisfactory
balance of design characteristics and pricing within the constraints of
affordability.

84. Table V.2 is a worksheet for the model which has been
simplified to illustrate data inputs and outputs. Numbers are given
from an example which is developed in greater detail in Annex 1. In
this example, the proposed and development costs (lines 6~9) and land
use parameters (lines 15-22) would amount to an average cost of $7.23
per net square meter (lines 24 and 51). With the proposed plot
breakdown (line 30), pricing system (lines 18 and 19 for non-residential
land; line 33 for residential plots) and financial terms (lines
37-39-40), an average price of $8.06 per net square meter would be
recovered (line 50) and the project would generate a surplus of 8.5
percent {line 52). The four types of residential plots would be
affordable to their respective income groups with monthly payments
ranging from 7 percent to 8 percent of income (line 42). Monthly
payments would only amount to 9 to 10 percent if water and maintenance
charges were included (lines 43-46).

85. The model has given us a balanced set of assumptions. If cost
and land use targets can be achieved as specified, it shows how a
project would be priced and made affordable. Table V.2 can be
considered a window into the model. If any of the parameters were
changed, the implications of the change could be quickly calculated.

For example, if estimated development costs were thought to be too low
and were raised, we could calculate the higher percentages of
households' monthly income that would be required to make the project
affordable. If it were not feasible to raise monthly payments, the
model could be used to find other ways of compensating for the increased
cost, such as by reducing the percentage of open and circulation space
of modifying the plot distribution. Through a trial-and -error process,
a new satisfactory balance can be reached.

86. Use of the Affordability Sub-Model at the beginning of project
design would in itself be a marked improvement over the traditional
design process. The model gives an indication of an affordable price
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TABLE V.2 -AFFORDABILITY MODEL WORKSHEET

cfmmm e | m | mm e | mm@m e | mmfmmm | mmg e | | mf mm el e | mfmmm | =]

LAND AND DEVELOPMENT COSTS

4~ Land 1.20 $/M2
7= Site preparation 0.40 $/M2
8- On site infrastruct. JT.00 /M2

9~ 0ff site recoverable Q.60 $/M2

11-#QVERAGE COST = J.20 B/6ROSS M2
~qm—— ——h———| = {——d | ——e { ~=f { ——g | ——h e e R D Rt et "E b )
LAND USE H PRICING OF NON RESIQENTIAL LAND
13- Total area ha 10,00 b
14— Circulation % Z29.00 d
17~ Open space % 3.00 i
18- Schools m2 SOO0 i necsnians 8.00 $/m2
19= Commercial area m2 2000 ticeaaeeioee 40,00 3/m2
20-wResidential area m2 63000 H
21-+TOTAL NMBR.OQOF PLOTS 759 H
22-*Population density 417 people/hal
24-+AVERAGE COST = 7.47 $/NET M2
-3 {—b | ==—cC i —-—d ) {—=F t——q t==h Rt St Rl Kt R e Rt d B

PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS

28-Plot type #1 #2 #7 #4

29-Monthly inceme/hsld S0 75 100 120
FO-Parcent of plots T0.00 35,00 25.00 10,00
Jl-#number of plots 227 266 190 76
I2-Plet size m2 &0 70 119 130
37-Sale price per net m2 6 8 é 9
I5-*TOTAL PRICE/HSLD 360 360 A60 1170
I7-Down pavyment percent 7.5 10 10 12
I8-Yearly interest rate 12 12 i2 12
T9-Recovery period vyears 20 20 20 20
41-*MOMTHLY FAYMENT 3.67 .55 65.34 11.34
42-%% 0OF MONTHLY INCOME 7.33 7.40 6.34 7.%6
43-Monthly water charges 1 1 1.5 1.3
44-0ther mainten.charges 3 -3 3 1
45-+«TOTAL MONTHLY PAYMNT 4,97 6.85 8.34 Z.84
44-#7 OF MONTHLY INCOME ?.93 9.13 8.54 .22

COST RECOVERY

SO-#AV,.PRICE RECOVERED = 8.06 $/netM2
S1-+AV,C0OST OF DEVELOP.= 7.43 $/netM2
IZ2-#+SURFPLUS/DEFICIT = 8.37 %
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that can be paid for land. It also provides designers a series of
targets which have been tested for affordability: average development
costs to be achieved, the percentage of circulation and open space to be
designed into the project, and the number of plots of each size to be
developed. These targets can be turned over to designers and engineers
in the form of a project design brief. The targets are, however,
average and approximate targets for an entire site. Although they
indicate what needs to be done, they do not show how to do it. There is
no assurance that they would be precisely achievable on an actual site,
and there is no way of knowing without further analysis how the average
development costs would break down among the different areas in a site.

Phase 2: Analysis of the Proposed Site

87. During the first phase, target land and development costs and
land use parameters were established mathematically, but no
site-specific planning work was necessarily undertaken. It is now
possible to begin planning for a specific site. This will yield more
detailed information on feasible costs and prices which can be used in
the Costing, Pricing and Affordability Sub-Model to refine project
planning targets. It will also yield the necessary information base for
detailed site planning (see Figure V.l).

(a) Identification of the Main Features of the Site

88. The main features of the site which will affect the value of
developed land should be identified. For example, part of the site may
be adjacent to a heavily traveled road which will give it commercial
value. Such land must now be measured and its value assessed. At this
plot, the issues discussed in Chapter IV should be considered so that
favorably situated land will be identified and used for purposes which
will take advantage of its high value. Information gathered at this
stage will also be used to improve estimates of market values for
residential and non-residential land.

89. A similar evaluation should also be carried out of factors
which will affect the cost of developing the site. For example, if part
of the site is subject to flooding and will require earth filling, this
area should be measured and the cost of filling estimated. This will
enable the planner to estimate land development costs more accurately.

(b) Preliminary Design of Trunk Infrastructure

90. The design of a site's infrastructure will depend on whether
it can be connected to a nearby trunk network, the site's topography,
roads which have already been planned or constructed in or around the
gsite, and the projected density of the site. Density is one of the
outputs of the Affordability sub-Model in Phase 1, and knowledge of
density will make it possible to calculate the approximate distance
required between the main branches in the infrastructure network. This
is important not only for the preliminary design and costing of
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]
infrastructure carried out at this stage but also to know how the
individual site modules designed in the next stage will be positioned.

- 91. A preliminary infrastructure network can be drawn, taking into
account any physical constraints as well as the main features of the
site already identified. A preliminary estimate will have to be made at
this stage of the cost of the proposed infrastructure network, including
the cost of any off-site infrastructure required, and this can be
converted into a cost per square meter.

(c) Design of Price Zones

92, Data on local land markets should enable the planner to
estimate the price for which land adjacent to the proposed
infrastructure could be sold. The site can then be divided into areas
which would be sold for different prices. This information will be used
to refine the pricing assumptions in the Differential Land Pricing and
Affordability Sub-Model.

Phase 3: Design of Sample Site Modules

93. The number and mix of plots to be achieved were determined in

a preliminary way using the Affordability Sub-Model. It is now possible
to begin designing parts of the site in detail to see how these targets

can best be achieved. :

9%, A second sub-model, called the "Detailed Land Use and
Infrastructure Costing and Design Sub-Model," has been developed to
carry the iterative planning process several steps further. By using
this model, planners can design and cost individual areas of sites
called "modules." The design of each module is based on detailed
assumptions about land use within the module (e.g., plot size and
configuration, street widths) and unit costs for the 30 items listed in
Table V.3. A number of individual modules can be designed and fitted to
a given site, and their costs and land use characteristics can be
aggregated to see whether the individual

modules together achieve the cost and land use targets which were
arrived at by using the Differential Land Pricing and Affordability
Sub-Model.

95. Since the second model has been programmed to use the computer
graphics capacity of micro-computers, it yields not only a numerical
description (costs, land use, etc.) for each of the modules and for the
total site, but it also yields graphic layouts. This is a distinct
advantage, since the planner can see at once the physical implications
of his assumptions.

96. At this stage of project preparation, it is useful to begin
designing a few sample modules to determine how plots can be designed to
meet the specified cost and land use targets and to test alternative
design solutions. It is sufficient to test a few representative sample
modules from which costs and land use breakdowns can be extrapolated for
the entire site to see if the targets established earlier can be met or
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TABLE V.3 -AGGREGATED INFRASTRUCTURE UNIT COSTS.

O e R e e e e e A A

Road surfacing: Laterite 2.25 $/m2
" Gravel..... 3.20 8/m2
Asphalt....5.30 $/m2

Sidewalk surfacing: Bricks..... 2.15 &/m2
" Flagstone..3.25 $/m2

Drains: 1/2 round..3.590 $/rm
" U~d20x20...5.4S 8/rm

" U-d40x45...9.50 $/rm

" U-dbdx45..11.60 $/rm
Culverts Box 40x45.27.50 $/rm
" Box E60#45.30.90 $/rm
Landscaping: = tiieerasaas 0.59 $/m2

- - - - D = = = = - = = - Y e e e e = AR . e - - -

" 1S%mm...20.70 3/rm

SEUWER

Pipe RCC10@mm..10.20 $/rm
" 15@mm, . 12.60 $/rm
" 250mm..14.69 $/rm
" 300mm. . 17.60 3/rm

Y junction:  LLl...... 17.50 %/un

Manhole 80x80x69,.51.40 $/un

" 120x90x90.54.10 $/un
“ 160%90x90.58.15 $/un
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if they require some adjustment. Plots can be grouped around streets
and open spaces in different patterns (grid, loop, cul de sac, common
courtyards, irregular clusters, etc.), and there are an infinite number
of design variations within each pattern. Using the second sub-model, a
number of alternative designs can be tested as sample modules. Design
assumptions such as the type of pattern, street widths, plot sizes and
plot frontages are entered into the model together with unit cost
data. The results can be assessed in terms of cost effectiveness,
accessibility, cultural acceptability and appropriateness for the
topography of the site.

97. By testing a range of physical options for the sample modules,
it is possible to select the most efficient design solution, as
illustrated in Chapter III of this report. For example, most planners
realize that trade - offs exist between providing wider plots and
providing other amenities. To achieve economies, they use certain rules
of thumb for designing plot dimensions. However, each case is in fact
different. Where infrastructure standards differ, the savings from
reducing plot widths will also differ. These differences are sometimes
significant, and they cannot possibly be accounted for by general rules
of thumb. The model allows each potential trade-off to be studied in
detail quickly so that cost savings can be weighed carefully against
potential reductions in value. Other typical trade-offs which can be
studied through rapid iterations with the model include the trade-off
between plot size and street width and the trade-off between providing
larger plots with on-site sanitation or smaller plots with water borne
sanitation.

Phase 4: Intermediate Costing, Pricing and Affordability

98. . Improved cost and price estimates have been determined both
from the analysis of the site and from the design and costing of sample
modules. Analysis of sample modules could also have led to revisions in
the target land use. The new estimates can be used in a further
iteration of the Costing, Pricing and Affordability Sub-Model. This
will yield a somewhat revised mix of targets which would be more
feasible for the site in question. These estimates will be used in the
final stages of site planning.

Phase 5: Detailed Site Design

99. It is now possible to create a design for the entire site.
Using the sample modules designed in Phase 3 as guides, individual
modules can be modified to fit the dimensions and major topographical
features of the site, by using the Detailed Land Use and Infrastructure
Costing and Design Sub-Model. Dimensions are given within each module
must fit, and the model produces a layout, costing and land use
breakdown. Separate module areas are inserted for major open space and
community facilities. In the end, a site plan is produced showing all
the modules planned with aggregate development costs and land use
breakdowns for the whole site.
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100. By using the model, the planner builds up the total cost of
the project by calculating the detailed cost of each module. The total
cost and land use figures should approximate the cost and land use
targets developed earlier using the Affordability Sub-Module. Knowledge
of the development costs of each area of the site is important.

Planners can go back to check the accurateness and fairness of the
pricing assumptions made in Phase I.

Phase 6: Final Costing, Pricing and Affordability

101. Since the total development cost and the land use breakdown of
the detailed site plan is likely to differ slightly from the targets
developed earlier using the Affordability Sub-Model, some adjustments
may be necessary at this final stage. If the cost differences are
minor, some minor pricing adjustments may be required, covering cost
differences by raising or lowering the required monthly payments
slightly.

Conclusion

102. It should be emphasized that the use of the two sub-models
together is not vastly different from the traditional planning

process. Planners normally have some overall project cost and land use
targets. They then design areas of a site in detail with the objective
of meeting the targets. If the targets are not met initially, it is
theoretically possible to modify plans using a trial-and-error process
until a satisfactory solution is found, although there is rarely
sufficient time for much revision.

103. The difference between the use of the model and more
traditional methods is that many more alternatives can be tested within
the normal time constraints of a project preparation period. The type
of sensitivity analysis illustrated in Chapter III of this paper can be
done routinely as can the analysis of alternatives for differential land
pricing illustrated in Chapter IV, and adjustments can be made in
project design. Thus, the speed with which alternatives can be tested
enables an integration of the design, costing and pricing functions
which was previously not possible and which enhances the affordability
and the economic efficiency of development projects. By using the
model, it is also possible to involve all the relevant
professional--planners, engineers, economists, financial analysts,
housing market specialists--simultaneously during the various phases of
the design process, instead of having them participate one after another
in a succession of discrete tasks.
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DETAILED EXAMPLE OF PROPOSED WORK SEQUENCE

CONTENTS

PHASE 1 - PRELIMINARY COSTING, LAND USE AND AFFORDABILITY

Policy and Standards Data Required to Run the Submodel
Market Data Required to Run the Submodel

Preliminary Affordability

Site Section

an oTe

PHASE 2 - ANALYSIS OF THE PROPOSED SITE

a. Identification of the main features of the site
b. Preliminary Design of Trunk Infrastructure
c. Design of Price Zones
d. Revision of Affordability Table
PHASE 3 - DESIGN OF SAMPLE MODULES
PHASE 4 - INTERMEDIATE COSTING, PRICING AND AFFORDABILITY
PHASE 5 - DETAILED SITE DESIGN
PHASE 6 - FINAL COSTING, PRICING AND AFFORDABILITY

a. Adjustment of the Affordability Table
b. Project Phasing -- Cash Flow During Construction
c. Affordability, Total Project Cost Final Adjustment

This annex illustrates the design process described in Chapter V:
"The Preparation of Land Development Schemes: Process and Work Sequence".

The design standards, financial parameters and policy guidelines
used in the following sections are provided only as illustrations and are
not intended to represent "optimum" or "correct" solutions.

PHASE 1 - PRELIMINARY COSTING, LAND USE AND AFFORDABILITY

It is assumed that the following data, including policy
guidelines, design standards, and statistical data have been provided by
the relevant authority:

a. Policies, Standards and Financial Data

(1) Definition of Target Groups

Sixty percent of project beneficiary households should have
incomes below the 30th percentile; 102 should be between the 31st and the
50th percentiles. The city-wide household income distribution is:
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Percentile Income
(USS/month)
10 30
20 65
30 80
40 100
50 130
60 175
70 250
80 400
90 500

(2) Financial Data

Project beneficiaries will be charged a 122 yearly rate of
interest over a period of 20 years. During construction, the executing
agency will be able to borrow 80 of the construction cost at a rate of
interest of 157 per year. The rate of inflation during the four years of
the construction period is projected to be 112, 10.5%, and 10Z%.

(3) Standards of Community Facilities

Primary Schools

Attendance: 187 of total population
Standards: 5 square meters of land per child
Minimum size: 6 classrooms of 30 children each

Secondary School

Attendance: 62 of total population
Standards: 6 square meters per child
Minimum Size: 12 classrooms of 30 children each

Community Hall

A community hall and small dispensary will be included in the
design of primary schools in developments of less than 1,000 plots.

Parks

3.52 of total area if density is below 500 people per ha. 5.02
for density equal or above 500 p/ha.

(4) Pricing of Land for Community Facilities

Schools

Land for primary and secondary schools will be purchased from the
development authority at a fixed standard rate of US$8 per square meter.
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Parks
Land for parks will be charged to project beneficiaries.

(5) Pricing of Off Site Infrastructure

Roads

The construction cost of Master Plan roads with rights of way
larger than 30 meters will be borne by the Public Works Department.

Electricity

A flat fee of US$0.30 per gross square meter will be charged for
the connection to the water main.

b. Market Data

(1) Housing Market per Income Group

The following table summarizes the findings on the housing market:

t
Table 1. HOUSING MARKET DATA

Per- Monthly Average Monthly Maximum Typical Typical Access Water Typical Typical Property
centile Income Income Spent for Down Plot Plot Street Supply Water Water Tax per
Residential Plot Payment Size Width Width Source Consump. Charges Month

%  J (Sq.m.) (m) (1ped) s
10 30 10.00 3.00 26.00 30 3.00 2.00 stand p 20.00 free 0.00
20 66 12.00 7.80 §0.00 40 4.00 3.00 stend p 36.00 free 0.00
30 80 12.00 9.6 80.00 80 6.00 4.00 Shared ¢ 85.00 0.50 0.00
40 100 12.00 12.00 120.00 100 8.00 6.00 Shared ¢ 65.00 0.50 0.00
50 130 12.00 16.80 160.00 126 8.00 6.00 Indv. ¢ 80.00 1.00 0.00
80 176 12.60 21.88 260.00 160 7.00 8.00 Indv. ¢ 110.00 1.00 2.00
70 260 13.00 32.860 360.00 180 9.00 9.00 Indv. ¢ 125.00 1.60 2.00
80 400 13.00 62.00 600.00 260 12.00 9.00 Indv. ¢ 180.00 2.00 5.00
90 500 13.00 856.00 1000.00 300 16.00 9.00 Indv. ¢ 200.00 2.00 8.00

(2) Market Price of Commercial Plots

Outside the city center the market price for commercial plots is
as follows:

Along major thoroughfares, at intersections with neighborhood
roads: US$40 to US$50 per square meter. Typical plot size: 200
to 500 square meters.
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Along main neighborhood roads, at intersections with minor roads:
US$15 to US$30 per square meter. Typical plot size: 30 to 80
square meters.

Convenience shops along minor residential roads US$10 to US$15 per
square meter. Typical plot size: 10 to 40 square meters.

(3) Current Undeveloped Land Price

Market price of land outside the city center without soil or
topographical liability varies from US$0.80 to US$1.60 per square meter.

(4) Unit Costs for Infrastructure

Table 2 shows the current unit costs for infrastructure works.
The unit costs have been calculated from actual bid documents and are
inclusive of overhead, profit, and taxes. The detailed costs will be used
during the subsequent phases when running the "Code 85" program. The
average cost of infrastructure in current land development projects varies
from US$2.75 to US$4.25 per gross square meter. The interest paid during
construction on land development projects with implementation periods from
3 to 4 years ranges from 82 to 122 of total project cost.

c¢. Preliminary Affordability

The policy and market data presented above should be entered as
inputs into the affordability submodel, using a tabular format similar to
Table 3. The outputs which will be calculated by running the program are
preceded by an asterisk (*) on Table 3. By running the model it will be
possible to : (i) detect any inconsistency or incompatibility between the
policy requirements and the market information; and (ii) provide an
acceptable range for various land use and infrastructure parameters in
order to narrow down design options to affordable solutions.

Table 3 is an example of a preliminary affordability table. The
table has been prepared for a site of 10 hectares (line 18). The base unit
costs (lines 6 to 9), the sale price of commercial land (lines 24 and 25),
and the plot sizes demanded by each income group (line 41), are consistent
with the data presented above. The percentage of open space and the area
required for schools (lines 20 and 23), the monthly income and percent of
plots for each income group (lines 38 and 39), the down payment, the rate
of interest, recovery period and the percentage of monthly income spent on
land by each group (lines 48, 50, 5, 55) are consistent with the policy
information mentioned above. If a project can be designed following the
design parameters and cost presented in the Table, it would meet the policy
objectives, while generating a surplus of 17 over land development costs.

d. Site Selection

The preliminary affordability table will be used to identify a
range of land costs which would be consistent with the project
affordability objectives. To select a site it will be necessary to have
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TABLE 2-CURRENT UNIT COSTS FOR INFRASTRUCTURE WORKS

Description unit cost
ROADS AND DRAINAGE
Rnad surfacing: Laterite 2.285 $/m2
" Gravel.....3.20 $/m2
Asphalt....5.30 $/m2
Sidewalk surfacing: Bricks.....2.15 $/m2
" Flagstone..3.25 $/m2
Drains: 1/2 round..3.30 $/rm
" U-d20x20...5.45 $/rm
" U-d40%45...9.30 $/rm
" U-dé0x45..11.60 $/rm
Culverts Box 40x4%5,27.30 $/rm
" Box &0#45,730,90 $/rm
Landscapings veasasanss 0,50 $/m2
WATER SUPPLY
Pipe Cl 20mm....4.25 $/rm
" 80mm...10.70 $/rm
u 100mm...13.10 $/rm
" 125mm. .. 17.00 $/rm
" 150mm. . .20.70 $/rm
" 200mm. . . 28.90 $/rm
Ferule enssssvesss8.12 $/un
Valve: 125mm. . « 32.90 $/un
" 150mm...45.60 $/un
" 200mm. . . 80.33 $/un
SEWER
Fipe RCCLOOmMM. . 10.20 $/rm
" 150mm. . 12,60 $/rm
" 250mm. « 14.60 $/rm
" J00mm. . 17.60 $/rm
Y junction: ceraraceaalZ.30 $/un
Manhole 80x80%60..31.40 $/un
" 1204904 90.594.10 $/un

1604904 90.58. 13

$/un
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also for each potential site a preliminary estimate of the site preparation
cost and the off site infrastructure cost. Transport costs specific to the
site can be taken into account by aggregating them to the household monthly
payment (line 45 of Table 3).

PHASE 2 - ANALYSIS OF THE PROPOSED SITE

a. Identification of the Main Features of the Site

After a site has been selected, a more detailed study of the
site’s features should be conducted. The results for this example are
presented on the map presented in Figure 1. The following data from the
site should be entered in the affordability model for a new iteration at
the end of this design phase (Table 4).

total area: 72,237 m?2 (line 18)

Land purchase price: 1.12 US$/m2 (line 6)

Right of way of Master Plan roads:

Road A: 22 meters. Area of road A: 2855.8 m?
Road B: 18 meters. Area of road B: 4507.2 m2

(total area of Master Plan roads: 7362.8 m2 or 10.192 of the total site.
This should be checked against the design assumptions made during phase 1
concerning land use. In this case the amount of roads for the total site
had been estimated at 2727 (line 19). The non-master plan roads should
therefore represent about 177 which at this point seems reasonable. The
estimate of 272 for circulation can be maintained during this year.

- Site Opportunities

Market price of areas along Master Plan roads after development:
Along road A US$20/m?; total area within site; 4152 m?. Along road B:
US$15/m2; total area within the site: 4608 m2. At crossroad A and B:
US$40/m2.

- Site Liabilities

Land fill required on site of former quarry: 4800 m3 @ US$2.5 /m3
= US$12,000., Averaged on the total site, the cost of fill will be
US$0.17 /m2 to be added to site preparation.

- Cost of surveying and leveling: US$0.15/m2.

- total cost of site preparation including fill: US$0.32/m2 (line
7).

b. Preliminary Design of the Trunk Infrastructure

Several trunk infrastructure options should be tested, first in a
sketch form as illustrated on Figure 2. 1In sketching these options, both
planning and engineering constraints should be taken into account (i.e.,
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AHAF3 (%6)
TABLE 3 .-PRELININARY AFFORDABILITY
{~—gm==i==b j=-c |--d |ec@en=lemfocc|esguon|cahecccnjemalcmjomn ek amn ] -
LAND AND DEVELOPMENT COSTS p 3 4 h 3 .
base Physic Design Inter. to be
cost Contan SupdMg Const. recov.
6- Land 1.20 "] 2 9 1.33 $/m2
7- Site preparation .40 ) 8 g 0.49 .
8- On site infrastruct. 3.00 10 12 g 4,03 "
9- Off site recoverable ~0.60 10 12 9 0.81 "
10- 0.00 "] (") 9 0.00 "
11- Superstructure %} 17 10 12 9 87 $/unit
12- " 82 "] ] ("] "] e
13- " 33 "] ] Q "] 0 "
14-+AVERAGE COST = §5.66 $/Gross m2
| ~—a-==|-=p==~i--g---l-~ge-=|~~@g=m=|-=f-m=|cmgemmlmmfmmm | e mmjmmn ok === i~
LAND USE { PRICING OF NON RESIDENTIAL LAND
________ % » HEE
18- Total area ha 10.00 !
19- Circulation % 27.00 27.00 % !
20- Qoen space 2 3.5 3.50% !
21- Primary schools m2 3125 3.13 %.4... 8.20 $/m2
22~ Secondary schools m2 2 0.00 %.i... 0.00 $/m2
23~ Other facilities m2 @ 0.00%.:!... 2.00 3/m2
24~ Commercial $1 m2 500 9.50 %.! 4Q.00 3$/m2
25~ b 2 m2 1500 1.50 %.! 20.00 $/m2
26- . 23 m2 @ 0.00 Xx.! .00 3/m2
27- Small industry m2 ] 2.00 %.:! 0.00 $/m2
28-+Residential area = ...... £4.38 % |-~memmmmm—meme——
Total = 120 %
30~+TOTAL NMBR.OF PLOTS 694 Av, Hsld.size: S
31-+Pooulation density 347 gecole/ha
33~-+AVERAGE COST = 9.59 $/NET M2
R e R e e . L e Rt S . B R e et S LA B S e St Rl
PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS
37-Plot tvpoe #1 32 33 34 %5 26 ®7
38-Monthly income/hsld ') 70 100 130 178 250 "]
39-Percent of plots 30.00 30.00 10.20 S5.00 15.00 10.00 Q.00
49-+number of pnlots 208 208 69 3S 104 89 1]
41-Plot size m2 Se 70 100 128 150 180 ]
42-Sale orice per net m2 6 8 10 10 14 16 Q
43-Connection cost/plot 12 12 12 12 12 12 [}
44-Cost of Suoerstruct. 67 87 Q %] %]
46-+TOTAL PRICE/HSLD 379 639 1012 1262 2112 2892 [}
48-Down payvment percent 7.5 10 12 12 1S 15 2
49- " “ lump sum "] %] Q ] %] %] ]
SQ-Yearly interest rate 12 12 12 12 12 12 Q
S1-Recovery period vears 20 20 20 20 20 20 Q
S3-+MONTHLY PAYMENT 3.86 6.33 9.81 12.23 19.77 27.07 0.00
SS-#+% OF MONTHLY INCOME 7.72 9.05 9.81 9.41 11.30 10.83 0.00
.S5-Monthly water charges 1 1 1 1.5 1.8 2 ']
S6-0ther mainten.charges .3 .3 .8 1 1 2 [
S7-+TOTAL MONTHLY PAYMNT §,16 7.63 11,3t 14.73 22.27 31.07 0.0
12.72 12.43 0.00

58-+% OF MONTHLY INCOME 10.32 10.30 11.3t 11.33

COST RECQVERY

B2-¢AY . PRICE RECOVERED = 11.308 $/netM2
63-+AV.COST OF DEVELOP.=  9.59 $/netM2
64~-+SURPLUS/DEFICIT = 17.87 % 1.1909 $+(1000)
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IDENTIFICATION OF THE MAIN FEATURES OF THE SITE FIGURE 1
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accessibility, maximum distance to vehicular street or bus stop, slopes,
soil characteristics, etc.). The options selected as the most suitable
should then be subject to quantitative evaluation which consists of A
measuring the length of the network and calculating its approximate invert
level at various nodes. This can be done by hand or by using specialized
computer programs available commercially. The option which appears the
most economical for the combined networks while meeting city planning
requirements, is then selected. In this case option 1 (Figure 2) has been
selected.

c. Design of Price Zones

Using the land market data collected in Phase 1, it is possible to
assign a price to each area adjacent to the trunk infrastructure network as
shown on Figure 3.

d. Revised Affordability After Site Selection

The revised values of site parameters are now entered in the
affordability table (see Table 4). These include: new unit costs for land
and site preparation and total areas. The prices of residential lots along
master plan roads A and B are also entered in the table together with the
income and plot size of the corresponding socioeconomic group. The number
of plot is then recalculated and area reserved for community facilities can
be adjusted to be in accordance with the projected population of the site
(Table 4, line 21). Following a new iteration, it is necessary to verify
that the affordability for each plot type (Table 4, line 58) and cost
recovery (Table 4, line 64) still meet the policy objectives established in
Phase 1.

PHASE 3 - DESIGN OF SAMPLE MODULES

a. Modules Containing the Trunk Infrastructure

Plots adjacent to the truck infrastructure are assembled into
"modules" and designed first. Plot sizes defined in the affordability
table (Table 4, line 41) are used in the initial design, but their size and
dimensions may be slightly adjusted to fit the geometric constraints of the
site. Figure 4 shows three types of modules which have been assembled
along the trunk infrastructure pattern defined during phase 2 (Figures 2
and 3). The infrastructure corresponding to these modules is defined as
quantities and costs calculated, using "CODE85". Several interactions are
made to adjust the design, the infrastructure costs and the land use to the
previously defined targets. The table on Figure 4 shows the quantities of
materials required, costs of infrastructure -- US$3.58 per square meter --
and the percentage of circulation -- 30.707 -- are slightly above the
targets set up in Table 4 after the site had been selected. These targets
were respectively US$3.00 and 277. This reflects the fact that higher
standard plots are located along the trunk infrastructure. To meet the
target set up in Table 4, the modules containing the low income plots,
which will be located in areas marked A and B on Figure 4, should meet the
following adjusted targets: US$2.30/m2 for infrastructure and 22.562 for
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FIGURE 2.

PRELIMINARY DESIGN OF TRUNK INFRASTRUCTURE

OPTION 1

DPTION 2
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PRELIMINARY DESIGN OF PRICE ZONES FIGURE 3

13.5m 13.0m
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TRABLE 4 .-AFFORDABILITY AFTER SITE SELECTIONM

{=-gmm=}mmbmm=|mmgemn]=nad=m=l=mg=== == fom=immg===|amhe==} == jemmmm e ek omm | ==

LAND AND DEVELOPMENT COSTS 3 3 ) 4 »
base Physic Design Inter. to be
cost Conten SuplMg Const. recov.

6- Land 1.12 ] 2 9 1.25 $/m2
7- Site preparation 9.32 S 8 9 0.40 "
8- On site i1nfrastruct. 3.00 10 12 9 4.03 "
9- Off site recoverable 0.60 10 12 9 e.81- "
10- .00 "] ") 0 0.00 "
11- Superstructure 8%} 50 10 12 9 87 $/unit
12- " 82 2 "] Q ") e
13- * %3 Q Q (] "] e
14-+AVERAGE COST = £.48 $/6Gross m2
|——a==={~=ph-==l--c-—=i-=d-~-i--@ ==l efome|mgrmm | mhmem | mmfmme mm e | e | -~
LAND USE ! PRICING OF NON RESIDENTIAL LAND
________ Z. } - —— - - - -
18- Total area ha 7.2237 !
19- Circulation % 27.00 27,00 % |
20~ Open space 4 3.5 3.s0% !
21- Primary schools m2 2100 2.91 %.i... 8.00 $/m2
22~ Sacondary schools m2 @ 0.00 %.! 2.00 $/m2
23- Other facilities m2 o 0.00 %.! 2.00 $/m2
24~ Commercial #1 m2 400 0.55 %.! 40.00 $/m2
28~ " %2 m2 1100 1.82 4.4, 20.00 $/m2
26- . %3 m2 @ 0.00 %.i... 0.20 $/m2
27- Small industry m2 2 0.00 %.! 0.00 $/m2
28-+Residential area = ...... 84.52 % l~=mevcmec—eenen—
Total = 100 %
30-+TOTAL NMBR.OF PLQOTS 461 Av. Held.size: §
31-+Population density 319 peopla/ha
33-*AVERAGE COST = 9,32 $/NET M2
{-—a~=-l-~b--=l--gc---l--gd---l--@-=-}-=foouj-mgeem|~mhmm= ] cojmmc e joen ] sk ===} -~
PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS
37-Plot tvpe 2% $2 33 84 #5 36 *7
38-Monthly income/hsld 50 70 100 130 228 375 2
39-Parcent of plots 30.00 30.00 10.00 5.00 15.00 10.00 9.00
4@~*number of plots 138 138 46 23 €9 48 "]
41-Plot size m2 1) 70 100 125 179 2258 2
42-Sale price per net m2 8 8 10 10 15 20 "]
43-Connaction cost/plot 12 12 12 12 12 12 ]
44-Cost of Superstruct. 87 67 [} [} %]
48-+TOTAL PRICE/HSLD 379 639 1012 1262 2637 4512 ']
48-Down payment percent 7.5 10 12 12 iS 1S Q
43- " " lump sum "] "} '] [} 0 '] [}
S@-Yearly interest rate 12 12 12 12 12 12 "]
S1-Recovery period vears 20 2 20 20 20 2 ]
S3-+MONTHLY PAYMENT 3.86 6.33 9.81 12.23 24.88 42.2: .00
S5-+% OF MONTHLY INCOME 7.72 9.5 9.81 9.41 10,97 11.26 0.00
55-Monthly water charges 1 1 1 1.8 1.8 2 "]
SE-Other mainten.charges .3 3 S 1 1 2 "}

S7-+TOTAL MONTHLY PAYMNT S.168 7.83 11.31 14.73 27.18 45.23 0.00
58-+% OF MONTHLY INCOME 10.32 10.%0 11.31 11.33 12.08 12.33 0.00

e memmam- - - - -—

62-+AV.PRICE RECOVERED = 12.71 $/netM2
63-+AV.COST OF QEVELOP.=  9.32 $/netM2
64-+SURPLUS/DEFICIT = 36.44 % 1.7042 $+(1000)
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circulation space. (This adjusted target can be calculated by making a
weighted average, or an approximate value can be estimated.) Because of
the quick interactions made possible by "CODE85", the standards and design
of the trunk infrastructure could be changed at a later stage if the
adjusted targets for low income plots could not be met.

b. Design of Modules Not Containing the Trunk Infrastructure

Areas A and B (Figure 4) will be developed with modules containing
the lowest standard plots. The module length within those two areas can be
measured in Figure 4. The range is between 60 meters and 90 meters with a
most frequent length of about 65 meters. This is the value we will use to
start testing various module designs.

c. Module Pattern Analysis

Figure 5 shows a variety of module patterns which have been tested
using "CODE85". The modules have a cost of infrastructure and percentage
of circulation below the target established for this type of module.
Pattern M1 was selected for further testing.

d. Plot Width Sensitivity Analysis

The pattern M1 is further tested by making a sensitivity analysis
of infrastructure cost and percentage of circulation when plot width
varies. The results are shown in Figure 6. A frontage of 4.80 meters is
selected as the most suitable. This frontage corresponds to an
infrastructure cost (US$2.05/m?) and a percentage of circulation (19.13%)
which are slightly below the targets fixed above, respectively US$2.30/m2
and 22.562.

e. Block Length Sensitivity Analysis

The length of the module selected will vary from60 to 90 meter. A
sensitivity analysis is now conducted of the cost of infrastructure and the
percentage of circulation when the length of block varies. The results are
shown in Figure 6. The shorter blocks are more expensive than the longer
ones but are still slightly below the target cost. At this point, many
more iterations could be conducted, possible testing parameters in a
different sequence. For instance, matters could be modified after the lot
width has been established and it could also be decided that longer blocks
could have a different pattern from shorter blocks.

PHASE 4 - INTERMEDIATE COSTING, PRICING AND AFFORDABILITY

The preliminary design exercise conducted in Phase 3 will allow us
to improve upon the land use and cost assumptions made previously. The

changes which will have to be made to produce a new affordability table
are:

- Cost of infrastructure: US$3.58/m2 for the trunk infrastructure
area (38382 m2) and US$2.05/m?¢ for the low income modules located
in area A and B (32855 m2) or an average of US$2.88/m2 for the
entire site.
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VARIATIONS IN MODULE PATTERN

FIGURE s

M1 ) M2

M3 ‘ M4
VARIATIONS IN MODULE PATTERN

Module type: M1 M2 M3 M4
Total Area: (M2) 1872 1872 1872 1872
% circulation 19.13 19.13 21.12 19.54

Cost per gross m2:
Roads & Drains 0.65 0.45 Q.67 0.61

Water Supply 0.56 0.56 0.65 0.62
Sewer 0.84 0.84 0.95 0.88
Total dev.cost per
gross m2 2.03 2.05 2.27 2.11
Total dev.cost per 2.33 2.53 2.88 2.62
net m2
Number of plots : 24 24 23 24
Density (plots/ha) 128 128 123 128

" (people/ha) &41 641 614 641
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FIGURE 6

Plot width (m)

4.00 4,40 4,80 S.10
Total Area: (M2) 2197 2019 1872 1376.9
% circulation 15.74 17.354 19.13 20.19
Cost per gross m2:
Roads & Drains 0.852 0.359 Q.43 Q.70
Water Supply 0.91 0.3 0.5 o0.38
4.00 Sewer 0.76 0.82 0.86 0.846
Total dev.cost per
gross m2 1.79 1.96 2.08 2.14
Total dev.cost per .
net m2 2.12 2.38 2.33 2.48
Number of plots @ 29 27 24 24
Density (plots/ha) 132 134 120 138
* (pecple/ha) 460 669 441 Y41
4.40
ORAINAGE & ROAD SURFACING WATER SUPPLY
- asohait
brick on edge
I l | 4,80 u drain J0x20cm cs o108 § 60mm
A T W S S | 1 Lo bt 4 1
SEWER
l | | I 3.t0 rcc cipe § 100mm
'S 'l A s el 4 e
Block length (m)
Ll —
“ —— ey
Al 60.00
I l l 1
l \ 70.00
BLOCK LENGTH VARIATIONS.
\ Block length (m) 640.00 70.00 80.00 990.00
Total Area: (M2) 1800 2008 2376 2644
% circulation 19.9 18.9 18.14 19.2%
Cost per gross m2:
—nacoe. Roads & Drains 0.47 0.64 0.61 0.68
l 1 80.00 Water Supply 0.58 0.3 0.3%5 0.33
Sewer 0.83 o.61 0.78 0.73
Total dev.cost per
N Qross a2 2.10 2.0t 1.9 1.9
l 4 Total dev.cost per
——} net m2 2,62 2.48 2,37 2.43
Number of plote @ 24 20 32 36
eme====  Density (plots/ha) 133 134 138 133
1 90,00 . (people/ha) 467 470 673 476
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- Circulation area: 30.707 in the trunk infrastructure area, and
19.137 in areas A and B, or an average of 25.44 for the entire
site.

The new plot sizes are:

Plot #1 60/m2
Plot #2 72/m?
Plot #3 105/m?
Plot #4 122/m2
Plot #5 182/m2
Plot #6 259/m2

These new values are entered in a new affordability table. The
results are presented in Table 5. The affordability of various plot sizes
should be compared to the market data provided in Table 1 and the target
group objectives. If the requirements are satisfied, it is possible to
move to the next phase of the design process.

PHASE 5 - DETAILED SITE DESIGN

Figure 7 presents the complete site design as drawn by the plotter
using the "CODE85" program, after all the modules have been assembled. The
program also produces the material quantities and the detailed land use
breakdown as presented in Table 6. It should be noted that in the process
of assembling all the modules which constitute the complete site plan, some
changes have been made in the trunk infrastructure layout compared to
figure 4. Commercial plots have been introduced in the most accessible
locations of the site. Figure 8 shows the price of each zone with
different standards and accessibility.

PHASE 6 - FINAL COSTING, PRICING AND AFFORDABILITY

a. Adjustment of the Affordability Table

Before running the final affordability table it is necessary to
sort the various plots sizes by price zones. Table 7 shows the various
plot sizes encountered in the layout aggregated by price zones. Because of
design constraints and in order to make full use of the land available,
many plots within the same price zone differ slightly in area. For
instance, in the zone priced at US$8/m?, some plots measure 57.36 m2 and
other measure 57.50 m2 and others measure 57.60 m2. It would be tedious to
calculate the affordability of every plot size. Plots of a similar area
and within the same price zone are therefore aggregated and an average plot
size is calculated. This average is presented in the last column of Table
7. The affordability table (Table 8) reflecting the final design uses
these instead of separate calculations for each of the 24 plots sizes in
the final layout. Table 8 shows that the original target group
requirements are met; 607 of project beneficiaries with a monthly income
below US$80, 107 between US$80 and US$130. The market conditions
established in Table 1 are also met.
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fom jmmmfmmk ===

+

6- Land 1.12 "] 2 9 1.28 $/m2
7- Site preparation 0.32 S 8 9 0.40 °
8- On site infrastruct. 2.88 12 12 9 3.87 "
9- O0ff site recoverable 0.560 10 12 3 0.8! .
10~ 9.20 '] 0 ¢ 0.00 *
11- Superstructure 81 S0 10 i2 3 67 $/unit
12- " %2 Q ") 0 "] o
13- " %3 ('] Q ? ] e -
14-+AVERAGE COST = 6.31 $/6ross m2
{--B--=l==g===l==gd-==l-=g-==|-—fommioag-c=lochomm | cm e jmmm | mof == | ==
LAND USE | PRICING OF NON RESIDENTIAL LAND
________ ZQ : -
18- Total area ha 7.2237 H
19- Circulation -% 25.44 25.44 % !}
20- Ooen space % 3.50 3.50 % |
21- Primary schools m2 2100 2.91 %X.!.. 8.00 $/m2
22- Secondary schools m2 Q9 0.90 %.!. 9.00 3/m2
23- Other facilities m2 Q0 -0.00 %.!. .00 $/m2
24- Commercial %1 m2 400 0.55 X.!. 40.00 8/m2
25~ N %2 m2 1100 1.82 %.1. 20.00 3/m2
26- " 83 m2 0 0.00 %.:. 0.00 $/m2
27- Small industry m2 2 2.00 %.!. 0.00 $/m2
28-+Residential area  ...... 66.08 % l--=w-emmmaee
Total = 100 %
30-+TOTAL NMBR.OF PLOTS 494 Av. Hsld.size: §
31-+Population density 342 ceoole/ha
33-+AVERAGE COST = 8.89 $/NET M2
i e e - R R R e R e R e - e i R R R R S
PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS
37-Plot tvoe 31 22 33 %4 #S %6 7
38-Monthly income/hsld Se 70 100 130 225 400 "]
39-Percent of olots Jo.20 33.1@ S.15 18.70 9.35 3.70 0.00
4Q-+*number of plots 148 163 25 32 48 18 2
41-Plot size m2 50 72 105 22 182 259 [}
42-Sale price per net m2 8 8 10 10 15 20 %]
43-Connection cost/plot 12 12 12 12 2 12 %]
44-Cost of Superstruct. 67 87 "] 4 "]
46-+TOTAL PRICE/HSLD 439 655 1062 1232 2742 5192 2
48-Down pavment percent 7.8 10 12 12 15 1S "]
43- lump sum ("] ] ] [} Q 2 2
S0-Yearly interest rate 12 12 12 12 12 12 ]
Sl-Recovery oeriod vears 20 20 2 20 20 2 "]
S3-+MONTHLY PAYMENT 4.47 6.49 10.29 11.34 25.66 48.59 0.00
55-+% OF MONTHLY INCOME 8.94 9.27 10.29 3.18 11.41 12.18% 0.00
S5-Monthly water charges 1 1 ! 1.5 1.5 2 2
S6-0ther mainten.charges .3 .3 .8 1 1 2 "]
S7-+TOTAL MONTHLY PAYMNT 5.77 7.79 11.79 14.44 28.16 S2.59 Q0.00
S8-+% OF MONTHLY INCOME 11.84 11.13 11.79 11.1t 12.82 13.18 Q.00

COST RECOVER
62-+AY.PRICE RECOVERED =
63-+AV.COST OF DEVELOP.=
64-+SURPLUS/DEFICIT

- ———

10.96 $/netM2
8.89 $/netM2

23.30 %

1.0626 $+(1000)
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TABLE 6. LAND USE AND COST OF INFRASTRUCTURE FOR THE ENTIRE SITE

INFRASTRUCTURE COST LISTR3 LAND USE LISTR3
SPEC UNIT TOTAL TOTAL PLOT PLOT %ZOF TOTAL %
COST QUANTIT cosT AREA NUMBER PLOTS AREA
31.96 40 6.8B6 1278
Laterite 1 2.25 o] 0 57,36 & 1.03 344
Gravel.. 2 3.20 0 0O 57.60 & 1.03 346
Asphalt. 3 3.30 10218 54135 60.00 201 34.48 12060
Brick E. 4 2.15 1837 3950 61.7%5 98 16.81 6052
Flgstone S 3.28 2276 7396 64,32 b5 1.03 386
1/2raound & 3.350 9 0 64.80 36 6.17 2333
U-d20#20 7 5.45 998 5439 69,12 & 1.03 415
U-d40#45 8 ¥.50 1527 14508 70.56 & 1.03 423
U=-d60#4S5 9 11.60 714 8282 71.52 12 2.06 858
Box 40#4510 27.4% 13 3788 73.48 b 1.03 442
Box60#451 1 30.90 24 742 81.12 6 1.03 487
Landecap1?2 .50 2417 1209 83.52 & 1.03 501
"""" 100.00 ? 1.54 {00
TOTAL ROAD % DRAIN COST= 99469 1046.2% 7 1.20 744
107.10 4 <49 428
CS 80mmi3 10.70 1425 15249 108.64 14 2.40 1521
«ee100mmi4 13.10 3469 49374 117.73 4 . &9 471
oo 125mm1S 17.00 801 13623 122.40 52 8.92 L34S
... 150mmie 20,70 653 13517 12%. 50 4  .&9 s012
.o 200mm17 28.90 384 11098 140.00 1 17 140
Con.20mm18 4.23 642 2728 148. 7% 1 .17 149
Ferule..1?9 8.12 340 2761 182. 40 34 6.17 6566
Val.125.20 32.50 10 3ZS 259.50 16 2.74 41%2
val.150.21 45. 60 11 502 TOTAL 83 100.00 47863
val.200.22 80.3% 4 321 TOTAL RESIDENTIAL= 47863
““““ gt % b66.26
TOTAL WATER SUPPLY COST= 64957
COMMERCIAL
RCC100mm23 10.20 2353 23997 comM1 239
. v 150mm24 12.60 869 10944 comM2 238
oo« 250mm25 14,460 751 10948 TOTAL COMMERCIAL = 476
.o . 300mMmM26 17.20 384 6405 Y% .56
Yjunct. .27 17.50 231 4043
MH 38kg28 51.40 (-1-] 3495 EDUCATIONAL
MH.116kg29 S4.10 44 2380 SCH1 1729
MH 22Skg30 58.15 17 989 SCH2 960
ceene3l 0.00 o 0 TOTAL EDUCATIONAL 24689
I, 34 0.00 0 0 v 3.72
TOTAL SEWER COST = 43420 PARKS AND PLAYGROUNDS
-~ y PRIK1 979
TOT. INFRASTRUCTURE COST= 227844 PRIK? 15468
. TOTAL PARKS 2547
COST PER GROSS M2 = 3.15 Y 3.53
TOTAL CIRCULATION= 18662
% 25.83

TOTAL AREA = 72237
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FIGURE 8
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TABLE 7. PLOT SIZE DISTRIBUTION BY PRICE ZOME
PLOT PLOT % OF TOTAL PRICE NUMBER AV.PLOT
AREA NUMBER PLOTS AREA ZONE $/M2 OF PLOTS % SIZE

31.96 40 6.86 1278 20~=———m 40 b.86 31.96

%57.36 6 1.03 344 b==——s

57.460 b 1.03 346

60.00 201 34.48 12060 255 43.74 &K0.b6b4

64,32 1.03 386

64.80 I6  bL.17 2333 b————+

69.12 6 1.03 415 Y N

70.%6 6 1.03 423

71.52 12 2.06 8586 42 7.20 74.43

73.48 & 1.03 442

81.12 & 1,03 487

83.52 & 1.03 501 Y N

61.75% %8 16.81 6052 B ———— 98 16.81 61.75

100.00 ? 1.54 900 - J—.

106.25 7  1.20 744 34 S.83 105.48

107.10 4 0,469 428

108. 64 14 2.40 1521 N

117.73 4 0.69 471 - S

122.40 S2  B8.92 6365

12%.%0 4  0.69 502 62 10.63 123.01

140.00 1 0.17 140

148.75% 1 0.17 149 L

182. 40 I6 b.17 4566 15— 36 6.17 182.40

259.%0 16 2.74 4152 19— 16 2.74 2%9.50

583 583 100
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ANAFB (MB6)
TABLE 8 .-AFFORDABILITY, PHASE S.

|~—a---j~-p---l==gc-==i-=de=-|-~@~cc|-=foojoguo=i-ohomc | jmmr o jemn ek == ==
LAND AND DEVELOPMENT COSTS 4 3 3 *
- base Physic Design Inter. to be
cost Conten SupdMg Const. recov.
6~ Land 1.12 "] 2 g 1.25 $/m2
7- Site preparation 9.32 S 8 ] 0.40 “
8- On site infrastruct. 3.15 10 12 9 4,23 "
9- Off site recoverable 9.50 10 12 9 2.81 "
10- 0.20 "] o 9 0.00 "
11- Superstructure #1 So 19 12 9 67 $/unit
12- N 2 "} ("] 0 0 0 "
13- * " 3 2 2 "] Q e
14-+AVERAGE COST = B.68 $/Gross m2
e e e Rt R v e e R e et A d B R D L B L D T S L Y T P
LAND USE | PRICING OF NON RESIDENTIAL LAND
-------- % o-- —-_—— —————
18- Total area ha 7.2237 !
19~ Circulation % 25.83 25.83 % !
20- Open space % 3.83 3.83 %
21- Primary schools m2 2683 3.72 %0, 8.00 $/m2
22~ Secondary schools m2 ] 2.00 X.1i. 0.00 $/m2
23- Other facilities m2 '] 2.00 %.1. 0.00 $/m2
24~ Commercial %1 m2 478 2.86 %.1. 40.00 $/m2
25- " 12 m2 2 0.00 %.!. 20.00 $/m2
26~ " #3 m2 "] 2.00 %.i. 0.00 €/m2
27- Small industry m2 2 0.00 %.:t. 0.00 $/m2
28-*Residential area = ...... 66.26 % }-mm—mmmm——— oo
Total = 100 %
30-+TOTAL NMBR.OF PLOTS 583 Av. Hsld.size: §
31-+Population density 404 people/ha
33-*AVERAGE COST = 9.45 $/NET M2
R it bt R T R . D e e e e O B R S il Bt S LSS R
PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS
37-Plot tvoe ¥l #2 3 #4 #S %6 47 Comm.P
38-Monthly income/hsld S0 ge 70 100 110 250 400 70
39-Percent of plots 43.74 7.20 16.81 5.83 10.63 6.17 2.74 6.86
40-+number of plots 255 42 a8 34 82 38 16 40
41-Plot size m2 GQ.56 74.43 61.75 105.68 123.01 182.40 259.5 31.96
42-Sale price per net m2 8 [ 8 g 9 15 20 20
43-Connection cost/plot 12 12 12 12 12 12 12 12
44-Cost of Superstruct. 687 87 67 2 8
46-+TOTAL PRICE/HSLD 443 526 573 963.12 1119.1 2748 5202 651.2
48-Down pavment percent 7.5 7.8 7.8 10 12 15 15 10
4g9- " " lump sum ] o ] 0 0 0 e
S0-Yearly interest rate 2 12 12 12 12 12 12 2
S51-Recovery period years 20 20 20 20 20 20 20 <
S3-+MONTHLY PAYMENT 4.51 §.35 5.84 9.54 10.84 25.72 48.869 6.4S
S5-+% OF MONTHLY INCOME 9.02 8.92 8.34 9.54 9.86 10.29 12.17 9.22
55-Monthly water charges 1 1 1 1.8 1.8 2 3 1.8
56-0ther mainten.charges .3 .3 .5 1 1 2 4 1

S7-+TOTAL MONTHLY PAYMNT S.81 6.85 7.34 12.04 13.34 29.72 §5.69 8.35
S9-+% OF MONTHLY INCOME 11.62 11.09 10.48 12.04 12.i3 11.89 13.92 12.79

COST RECOVERY
62-+AV.PRICE RECOVERED = 3.97 $/netM2
63-+AV.COST OF DEVELOP.=  9.45 $/netM2
64-+SURPLUS/DEFICIT = 5.44 % .26237 $+(1000)
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b. Project Phasing

Interest paid during construction depends on the phasing of
construction, i.e. on the schedule of expenditures and revenues. Table 9
present a calculation of the project cost including price escalation, a
phasing of revenue and expenditure, and a project cash flow from which the
amount of interest to be paid during construction is calculated. 1In the
affordability tables calculated in the preceding sections, the interest
during construction was assumed to be 92 of the total project cost. The
calculation in Table 9 (8.83%) is more accurate.

c. Final Affordability Adjustments

The new interest during construction is now entered into the
affordability table and, if necessary, final price adjustments are made to
meet the policy and market requirements which were described in Phase 1.



- 67 - ANNEX 1

RESCASH TRABLE 9.TOTAL PROJECT COST, PHRASING & CASH FLOW Page 25 of 25
PROJECT COSTS
L82 cost/un quant. total shysical Design sucerv

base co contingencies & managemen Total
(«1000) X (+1000) 3 (+1000)

Land 1.12 7.22 81 2.00 o 2.00 2 83
Site oreparation 9.32 7.22 23 5.00 1 5,00 1 2s
On site infra. 3.17  7.22 229 10.00 23 12.00 30 282
off site .80 7.22 43 10.00 4 12.00 3 s3
connect:ions 12.00 583 7 10.00 1 12.00 1 9
superstructure %1 50.00 2588 13 10.00 1 12.00 2 16
" ¥4 50.00 42 2 19.00 Q2 12.00 2 3
N t3 SQ.00 98 S 10.00 9 12.00 1 §
TOTAL COST BASE YEAR: 403 31 42 476(¢1000)
PHASING OF COSTS
|mmmem—— Phasing-%---~=-=-~ R Costs~$»1000--~---~ vT
Yaarl Year2 Year3 VYeard VYearl VYear? Year3 VYeard
Land 100.00 ©0.0¢ 0.90 02.00 83 ] "] Q
Site orenaration 50.00 40.00 0.00 0.00 18 10 ] [}
on si1te infrastruct. 10.00 40.00 45.00 5.00 28 113 127 14
Off site :nfrastruct. 45.00 35.00 20.00 0.00 24 19 11 ']
Connections 15.00 25.00 40.00 20.00 1 2 3 2
Superstructure $} 5.00 25.00 ©55.00 15.00 1 4 9 2
82 5.20 25.20 55.00 1S5.00 Q 1 1 [}
*3 S.00 25.00 55.00 15.00 "] 2 3 1
TOTAL cer vear before inflation: 183 150 154 18
Yearly 1nflation rate 11.00 190.50 10.20 i(0.00
TOTAL per vear after inflation: 169 184 208 29
Price contingencies 114
TOTAL PROJECT COST S91(«1000)
REVENUE
Non rasideantial Price/ quantit total % down total
unit price gsavmnt d.om.
Primary schools 8.09 2689 22 100.00 22
Secondary schools 2.00 "] Q 100.00 [*)
Other facilities Q.00 "] Q 100.00 ]
Commarcial #! 40.00 478 19 (00.00 19
. ¥ 2.00 "] 0 100.00 Q
33 .20 ] Q 100.00 0
Small 1dustry e.00 "] 0 100.00 Q
TOTAL revenue from non res.plots: 41 41
Plot#l 443 288 113 7.50 8
Plots2 5386 42 23 7.50 Z
Plots3 573 38 S6 7.5@ 4
Plotsa 963 34 33 10.20 3
Plotss 1119 82 63 1:12.00 3
Plotse 2748 36 99 i5.00 1S
Plots? 5202 18 83 15.20 12
Plot#s 651 39 2 10.00 3
TO0TAL revenue from resid.plots: SQ2 SB
TOTAL revenue base vear: S43(+1000)

PHASING OF REVENUE: .

Year! Year? Year3 VYeard4 VYearl Yearl (ear3 VYeard

Down oayment non res. 10.00 35.28 45.00 10.00 4 14 18 4
Saie of non res.land 0.00 0.00 25.00 75.00 2 2 [} [
Down payment residen. 20.20 30.00 40.00 10.00 11 17 22 8
Sale of residen.land 0.00 S5.00 40.00 55.90 [} 22 178 24§
Yearly revenue 15.24 s3 219 288
Yearly revenue with arice adjustmt. for inflation 17 6S 296 378
TOTAL REVENUE 7S6(+1000)

CASH FLOW

Interest caid Juring const. 15.00 % "] S 23 14
Yearly cash flow -182 -123 64 336
Cumulative cash flow -32 -156 -92 244
Borrowing: 32 156 92 [}
Eauity at base vear: 120.00 -120 "] Q 244

TOTAL INTEREST PAID OURING  CONSTRUCTION: 42.08(+1000) or 8.83 % of total c.
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THE AFFORDABILITY OF LAND SUBDIVISION LEGISLATION
Uttar Pradesh Case Study

II.

III.

Iv.

VI.

Table of Contents

LAND SUBDIVISION STANDARDS AND REGULATIONS

URBANIZATION IN UTTAR PRADESH

THE STUDY OF LAND SUBDIVISION REGULATIONS IN UTTAR

PRADESH

ISSUES RAISED BY THE PROPOSED REGULATIONS

1. The Capacity of the Public Sector

2, The Provision of Public Space

3. The Need to Introduce Differential Pricing
4, The Provision of Trunk Infrastructure

ILLUSTRATION OF POSSIBLE ALTERNATIVES

CONCLUSIONS
ATTACHMENTS
Attachment 1:

Attachment 2:
Attachment 3:

Attachment 4@

SUMMARY OF UTTAR PRADESH LAND DEVELOPMENT
REGULATIONS

UNIT COSTS AND SPECIFICATIONS
AFFORDABILITY TABLES CORRESPONDING TO 1960
AND 1982 REGULATIONS

LAND USE, INFRASTRUCTURE COST AND
AFFORDABILITY OF ALTERNATIVE DESIGNS



- 69 - ANNEX 2
Page 2 of 16

I. Land Subdivision Standards and Regulations

l. Urban development in India and many other developing countries
is constrained by a number of planning regulations and engineering
practices. Inappropriate regulations frequently inflate the cost of new
urban development and put it beyond the reach of most urban low-income
and middle-income households. 1In this report, the role of planning
regulations and standards in determining the delivery of serviced land
is examined. Experienced in Uttar Pradesh is used as an example.

2, Urban areas in South Asia are growing at an unprecedented

rate. About 100 million new urban households are expected to form
between the years 1981-91 alone. Presuming a density of 250 persons per
hectare and 5 persons per household, at least 2 million hectares of new
urban land will have to be found to accommodate this growth. Many
regulations specify minimum sizes for lots for development and high
standards of open space allocation. These regulations would increase
the amount of land that would be required for development in addition to
extending the lines of infrastructure. Regulations which are sensitive
to the need to conserve and husband scarce resources could result in
considerable savings of land and development costs.

3. The prime aim of planning regulations has always been that of
enhancing the built environment and ensuring a desirable development.
Land is reserved for public purposes (recreation, schools, health
centers, etc.) and coordination with the overall trunk infrastructure
design can be ensured. Safety and public health can be enhanced and
development can be undertaken with adequate standards to minimize future
maintenance cost.

4, The cost implications of all the development regulations are
frequently overlooked with the result that legal development becomes too
costly for the majority of households. These households are
subsequently forced to find accommodation in unhealthy, illegal,
substandard structures. This has resulted in the massive growth of
slums which provide a very poor housing environment. Indirectly,
therefore, the standards and regulations have not been able to protect
the physical environment and, in fact, may have led to its
depreciation. In order for land subdivision regulations to be
effective, it is essential that they be affordable by the society for
which they are designed. To understand this process, some of the ways
in which standards and regulations affect the costs of development are
itemized below.

(a) Land use regulations determine the amount of saleable
land. If, for example, the regulations require that
public land (streets and open space) be at least 40t/
of the total, the cost per square meter of saleable land
will be 66% higher than the original cost of the site.

1/ In India, frequently 50-60 of the land is allocated to
streets and open space.
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(b) Determination of a minimum plot size implies a minimum
cost for each plot.

(c) Regulations which stipulate a high ratio between open
space and saleable land reduce the supply of the total
available saleable land. This is in itself tends to
force up land prices.

(d) The large amount of land allocated to public use,
combined with a large minimum plot size, reduces overall
densities. This lengthens the infrastructure network and
increases development costs.

(e) Public land requires at least some drainage and
landscaping costs which will have to be recovered from
plot sales.

(f) Municipal engineers frequently specify minimum drainage
channels and pipe dimensions. These then are applied
uniformly to sites resulting in overspecification in some
areas and underspecification in others. A site specific
drainage plan would be more appropriate where savings
could be made in areas requiring little drainage and high
cost investment focused in those areas which require the
most.

(g) Minimum standards and regulated specifications tend to
work against more flexible and more appropriate site
designs. Most of these standards and regulations are
specified individually and little regard is given for
their combined impact. They imply a minimum cost for a
minimum plot without ascertaining whether this minimum
plot is affordable to the majority of the population.

5. In addition, the regulations burden the authorities with large
areas of public land and open space which require maintenance beyond
their resources. For example, in one of the examples given below, the
amount of public land to be maintained at municipal expense represents
55Z of the land developed. Because of their small value, the majority
of the developed plots will not be subject to land tax. Consequently,
the municipality will be burdened, after development, with a large
additional land area to be maintained (refuse removal, drain and sewer
cleaning, repair of culverts, street surfacing, etc.) without any
additional resources. The net effect of this type of development will
be a decrease in the quality of urban services for the majority of the
urban population,

6. Within this context, the application of existing regulations
within Uttar Pradesh was examined.

II. Urbanization in Uttar Pradesh

7. Uttar Pradesh is India's most populous state with a population
of approximately 110 million (1981) census. It is also one of India's
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poorest states with an annual per capita income of about Rs 1,000
(US$125). Although it is primarily an agricultural state, the urban
population has increased rapidly within the last twenty years and to
date accounts for 18% of the total population.

8. In the past, State Plans have focused on rural and
agricultural development. The 1978-83 Uttar Pradesh State Plan provided
only a modest 2.8% (Rs 2,160 million) of the total allocation for Rs
77,500 million for urban investment. This included Rs 1,510 for water
supply and sewerage, Rs 350 million for other infrastructure, and Rs 300
million for housing.

9. The majority of the urban poor is accommodated in substandard
shelter with minimal access to basic services. The financial resources
of the municipalities are inadequate to maintain the level of services
which exist and consequently they continue to deteriorate. The private
sector is constrained from participation in development by the effects
of rent control, the Urban Land Ceiling Act and by the costly
development standards discussed below.

10. It is estimated that half the urban population is housed in
substandard, overcrowded and unhygenic dwellings. A recent survey
conducted in Kanpur indicates that 67% of all households live in single
rooms. The health of the urban population is poor with a high incidence
of waterborne and communicable diseases. Kanpur had the highest
incidence of tuberculosis with 60% of all children in slum areas
affected by the disease. Figures from 1967 indicate an extremely high
infant mortality rate of 249 per 1,000 live births.

11. The task of providing decent housing to accommodate the
rapidly growing urban poor is a major one. Resources are severely
limited but many of the fundamental decisions that are taken are based
on the application of minimum standards below which no legal development
can fall. The result is the proliferation of illegal developments with
no standards whatsoever.

12. In Uttar Pradesh, standards and regulations are determined by
the 1960 regulations as issued under the Regulation of Building
Operations Act of 1958. In 1982 a proposed revision of these
regulations was made by the Town and Country Planning department under
the Uttar Pradesh Planning and Development Act of 1973. Under this new
revision, two sets of regulations have been established. One set is
applied to private sector development and the other is applicable only
to public sector agencies when they construct low income housing.

13. The Uttar Pradesh regulationsg/ determine: a minimum plot
size and frontage, street and footpath widths, block lengths, a ratio of
open space to total area and the provision for community facilities;
schools, health centers, and commercial properties. In addition, rules
and guidelines are set by the municipal engineers to determine minimum
specifications for infrastructure, roads, drainage services, etc.

2/

See Attachment 1 for summary.
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14, A study 573 been undertaken to examine the application of
these regulations.2’ In this study, the established regulations are
costed and compared to the amounts affordable to the urban population.
A summary of this study follows below.

ITII. The Study of Land Subdivision Regulations in Uttar Pradesh

15. In this study, typical site plans were developed using the
minimum standards allowed by the 1960 regulations and the proposed 1982
regulations. These regulations are summarized in Attachment 1. the
unit of design was the number of plots which would house a population of
5,000, the minimum required to support a primary school.

l16. Infrastructure costs were based on current prices (March 1983)
and were estimated for roads, drainage, water supply and sewage on the
basis of unit cost specifications (see Attachment 2). These provide the
minimum standards for infrastructure as stipulated in the regulations.
The cost of land was estimated at 10 rupees per square meter. This
represents the cost of public land to the authorities; market prices
would be about Rs 30. Calculations were then made to establish the
affordability of the minimum size plot according to the various
regulations (see Attachment 3)

17. A typical site plan was prepared using the minimum standards
of the 1960 regulations which are still in force (see Figure 1). The
minimum plot size in this layout of 167 m“ would be affordable to
households with a monthly income of Rs 2,500. This coincides with the
95th percentile of the income distribution for Kanpur City (i.e. 95% of
the population would be unable to afford the minimum legal standards).

18. A layout plan for a second site (see Figure 2) was drawn using
the minimum standards of the 1982 regulations. In the example, the
minimum plot size of 100 m“ would be affordable to households with a
monthly income of Rs 1,800 which represents the 87th percentile of the
income distribution curve of Kanpur City. Thus, these revised
regulations made plots only slightly more affordable to the population
than under the earlier regulations.

19, A third layout plan (see Figure 3) represents the 1982 revised
regulations that would be applicable only to low income developments
built by public_agencies. In this layout, plot sizes were considerably
reduced to 24 m“., If minimum standards and specifications were used,
the plot would be affordable to households with incomes of Rs 400 which
coincides with the 22nd percentile of the income distribution curve.

The cost of the plot included a sanitary core.

3/ '"Research model for urban land and infrastructure, pricing, costing
and design - A case suty of Uttar Pradesh, India," B. N. Singh,
October 1983,
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FIBURE 1: TYPICAL LAYOUT CONFORMING TO THE 1960 REGULATIONS

PARK 1
T . . SCHOOL . : .
'L— *
PARK
' ¢ ¢ T T . .
COMM.
SCALE: 1/3000
REGULATION 1960
ROADS : LAND USE
Primary road = 18,00m Residential = 88878m2 59.42%
Secondary road = 12.00m Commercial = 977m2 0.65%
Tertiary road = 9,00m Educational = 5009m2 3.35%
Road a]_ong park = 7.50m Park = 14958m2 10.00%
Circulation = 39759m2 26.58%
TOTAL = 14581m2 100.00%
PLOT TYPES
— Density = 166,86 inh/ha
Inside #1 = 167.00m2
Corner #2 = 233,76m2
" #3 = 233,85m2
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FIGURE 2: TYPICAL LAYOUT CONFORMING TO THE 1982 PROFPOSED REGULATIONS
APPLICABLE TO THE PRIVATE SECTOR
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FIGURE 3: TYPICAL LAYOUT CONFORMING TO THE 1982 PROPOSED REGULATIONS
APPLICABLE TO THE PUBLIC SECTOR
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20. This last layout would enable affordable housing for most
lower income groups. This was achieved primarily by the considerable
reduction in minimum plot size (see figure 4 for comparison of the
layouts). However, although they are more affordable, this set of
regulations raises four types of issues. They are addressed in the two
alternatives presented in section V.

IV. Issues Raised by the Proposed Regulations

1. The Capacity of the Public Sector

21, According to the regulations, the public sector will have the
sole responsibility for the provision of developed land for low income
housing. This role is clearly beyond the resources of the public
authorities to carry out effectively. Although the intention of the act
is to make development more accessible to the poor, the effect would be
to restrict the responsibility for the provision of low income housing
to the public sector. It is estimated that about 200,000 plots are
required annually to accommodate new urban growth in Uttar Pradesh.
Egen if all the new urban population were housed in the very modest 25
m® site and service plots, the annual cost would be Rs 1 billion which
is considerably more than the entire annual allocation for housing in
the Development Plan (Rs 60 million per year).

2. The Provision of Public Space

22, In order to make the minimum plot affordable, the plot size
was reduced. Regulations affecting the provision of open space and
other standards have not been changed. This has resulted in much larger
amounts of public land compared to the amount of land allocated to
individual private households. In this case, for each plot of 25 m2, 34
m“ is allocated for non-residential use.

23. The terminology used in allocating space for streets, schools
and open space is rather general and does not always reflect actual
usage. For examplg, of the 5,000 square meters allocated for the
school, only 800 m“ will be built upon. (This assumes that 18% of the
population_are of primary school age, that class room floor requirements
are 1.72 m? per child and that schogl buildings have 2 floors). Of the
5,000 m“ of land allocated, 4,200 m“ will remain open and would be used
by children for recreation during the school day. Consideration could
be given to allowing the rest of the community to use this space outside
school hours, thus reducing the amount of additional open space required
in the project.

24, Circulation space alsg frequently can have more than_one
important use. Of the 14,700 m“ used for streets gnly 8,200 m“ are
occupied by vehicular roads; the remaining 6,500 m“ are pedestrian
streets. In most low income neighborhoods, pedestrian streets and
footpaths are used for a variety of community activities (informal
gathering, playing hawking, etc.) in addition to circulation. Part of
these streets could be considered as community open space, and the
usefulness of streets for this function can be enhanced through careful
design.
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FIGURE 4: COMPARISON BETWEEN EXISTING LEGISLATION AND THE 1982 PROPQOSALS
FOR THE PUBLIC AND PRIVATE SECTOR
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25. If the amount of functional open space gllccated to the
community is totalled: (school open space 4,200 m®, parks 14,000 mz,
pedestrian streets 6,500 m“) it amounts to 40% of the total area. For
every plot of 25 m°, there are 24 square meters of open space which
would have to be regularly maintained by the municipal authorities. In
this case, redundant open space is provided at the expense of the low
income families. Regulations which impose a minimum width for parks and
separate formal parks from street space do not necessarily encourage
efficient use of open space and tend to result in a rather sterile grid
pattern of development.

26. The use of small, informal open spaces opening into pedestrian
streets should be encouraged. These types of areas are more accessible
to the community and are more likely to be regularly used, maintained
and controlled by the community itself. This is particularly effective
if the pedestrian streets are in loops or cul de sacs.

3. The Need to Introduce Differential Pricing

27. The standards for low income housing in the 1982 proposed
regulations for public agencies are allowed only if all the plots of the
scheme are low income plots. This prevents the designer from mixing
plots of different sizes in the same scheme and usually results in
monotonous designs, economically segregated neighborhoods and the loss
of potential differential pricing whereby better located plots (e.g.,
those on wider and better serviced streets) are sold for higher

prices. In addition, more care could be given to the siting of
commercial lots within the neighborhood. In the present designs,
commercial lots are located in the center of the development. In fact,
more favorable commercial locations are at street intersections or at
the main entrances to the development. These are more likely to have a
higher value for which traders would be willing to pay higher prices,
thus increasing the total value of the development and reducing the
price charged to lower income groups.

4, The Provision of Trunk Infrastructure

28. Since the above examples involved hypothetical sites, a single
estimate for off-site infrastructure cost was used in all examples. 1In
a real situation, the trunk infrastructure requirements dictated by
urban master plans would often require large and unnecessary additions
to development costs. For example, the land reserved for roads by
master plans may constrain site design, rendering it more costly, since
development agencies must provide the right-of-way to the city without
reimbursement. These rights-of-way are often wider than would
reasonably ever be necessary. In addition, they are usually planned to
permit the subsequent construction of trunk infrastructure, but because
master plans are seldom based on actual resource availability and
implementation capacity there are often very long delays in
implementation. Thus, the costly land reserve contributes little to the
value of the project for the residents.
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V. Illustration of Possible Alternatives

29, To address some of these issues, two alternative layouts have
been prepared, costed and priced (see Figure 5). Detailed land use,
infrastructure cost and affordability tables are provided in

Attachment 4. Table 1 shows the main land use, cost, and price
implications of the existing regulations and of the alternatives
proposed. Although they do not meet the minimum legal requirement. as
proposed in the 1982 legislation, the alternative layouts would provide
a higher value to potential inhabitants than if they had met the
regulations. They would be affordable to the low income groups while
providing more living space (see Figure 6).

30. Alternative 1 illustrates the potential trade off between plot
size and the percentage of open space. The plot size has been increased
by 29% compared to the 1982 regulations, but the price of the plot has
slightly decreased by 5%. This has been achieved by decreasing the area
used for formal open space form 22.8% to 13.7% and introducing larger
plots affordable to higher income groups along the roads with the
- highest standards of infrastructure. Because of the larger plots, the
population density has decreased from 825 to 661 persons per hectare.
The amount of open space is still a high 14 square meters per plot, if
open space on school grounds is taken into account together with formal
parks.

TABIE 1: PRICE, OOST AND LAND USE OF 1960, 1982 AND ALTERNATIVE REGULATIONS

Regul. Proposed Proposed  Alter. Alter.
Unit 1960 1982 1982 1 2

Private Public
Sector Sect.or

Minimm Plot Size = M2 167 100 25 32.2  32.43
Price/Household = Rs 25,800 15,700 5,250 4,964 3,890
Corresponding Income = Rs/mnth 2,500 1,800 400 400 325
Number of Minimum

Size Plots/Hectare = Plot/Ha 28 55 151 100 100
Plot Density = Plot/Ha 33 59 165 132 117
Population Density = Pers/Ha 167 293 825 661 717
7% of Circulation = % 26.58 21.87 23.97 24.74 24.89
% of Open Space = % 10.00 9.98 22.79 13.68 6.95
A = % 3.35 5.74 8.14 8.14 8.14

Land Development. Cost

per Gross M@ = 98 107 89 91 92

Land Development: Cost
per Net M2 = 155 157 166 148 135
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FIGURE 5: ALTERNATIVE LAYOUTS CONFORMING TO POSSIBLE REVISI ONS
OF THE 1982 REGULATIONS
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FIGURE &: COMPARISON BETWEEN LAYOUTS CONFORMING TO THE 1982 PROPOSED REGULATIONS
AND ALTERNATIVES 1 AND 2
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31. Alternative 2 illustrates how the price of the minimum plot can
be decreased by reducing open space, redistributing some of the space
within the pedestrian network and introducing a system of differential land
pricing. In this alternative, the minimum plot size is similar to
alternative 1, (32 square meters) but the price of the plot has been
reduced by 26% compared to the 1982 regulations. This has been achieved by
reducing the formal park space to 6.95%Z while introducing smaller open
spaces at the end of semi-private loop streets. In this manner the amount
of total open spaces, formal park and school open space amounts to 17
square meters per plot or 25% of the total area. Thus, reductions in the
quality of environment for lower income groups have been minimized. The
increase in plot size and the lowering of price has been achieved by
redistributing open space to be more directly usable by lower income .groups
and by the use of differential land pricing.

32. By charging proportionately higher prices for larger and more
advantageously located lots, smaller lots have to bear a smaller share of
the common trunk infrastructure cost and can be made available at a cheaper
price. It should be noted that neither of the alternatives described above
would have been possible under the current legislation nor under the 1982
proposed revisions. The changes discussed would not constitute an "optimum
design" nor a design solution which should be frozen into new land use
regulations. The alternatives are provided to illustrate how the lack of
flexibility of traditional land use legislation can result in costly design
and limited environmental quality. Many design variations could be
proposed which would fit better a specific cultural or topographical
situation. Legislation should allow some flexibility rather than forcing
the designer to adopt a specific layout.

VI. Conclusions

33. This study indicates that neither the 1960 nor the revised 1982
regulations would permit land to be developed for the majority of the urban
population in the state. Development under the revised 1982 regulations
which apply to public sector agencies would be considerably more affordable
than under the others, but the revised 1982 regulations too could be
improved upon. They place an impossible burden on the public sector which
could not possibly meet all the need for low cost land development.

34, There is, of course, a need for constructive land development
regulations. Their elimination would not be a practical solution. Rather,
there needs to be a recognition of their legitimate purposes. Regulations
should be designed to meet these purpose to the fullest extent possible
without placing an undue financial burden on the community.

35. Development regulation should ensure at least a minimal provision
of services and protection of the environment. This includes provision of
water, sanitation, drainage, transport services, recreation, schools,
etc.). Residents may not be able to assess and control potential hazards
to the environment themselves, such as

groundwater pollution. Effective regulation should also help to minimize
future maintenance costs. Regulations also usually contain a special focus
on helping the less advantaged groups in society gain access to services
which they may not be able to guarantee for themselves. Development
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regulations are also intended to ensure that site development is adequately
coordinated with city-wide trunk infrastructure.

36. In this paper we have seen that many development regulations are
working against their original intentions. By making legal development too
expensive for most urban households and by effectively excluding private
sector developers from legal development, large areas of cities are left to
develop outside the scope of urban regulations where even the most minimal
services and environmental protection are not provided. Coordination with
city-wide development plans becomes impossible when most development is
illegal. The impact of this situation is felt most heavily by the lowest
income groups whom government regulations should strive to protect but who
can least afford legal development.

37. One irony of this situation is that many of the regulations which
made development unaffordable actually contribute little to effective
service provision or environmental quality. A prime example of this which
was discussed above is the requirement to provide open space in a way which
is often not functional for residents and which places a heavy maintenance
burden on the community. The requirement to provide high standard roads in
neighborhoods where few vehicles are used is another such example.

38. None of the stated purposes of regulation is served where the
planner's flexibility to reduce plot prices is inhibited without improving
service provision or environmental quality. This is the case where
projects are limited to one type of plot and differential pricing is not
possible.

39. There is, thus, much scope for improving the regulatory
environment so that land development can be made more affordable while
preserving the essential purpose of regulations. In order to examine the
legislation, proposals for revised regulations should be systematically
tested on actual layouts to assure that they are realistic. Testing of
existing regulations would be required on a regular basis as development
costs and household incomes change.

40, It should be added that further steps which are largely beyond
the scope of this paper would be required to make land development feasible
at the required scale. Just as regulations affecting site specific
development often make development unaffordable, the system for the
planning and implementation of trunk infrastructure at the city level
frquently inhibits site development and makes it unaffordable. When the
standards stipulated in urban master plans for trunk infrastructure such as
main roads, trunk sewers, water mains, drainage mains, etc. would result in
unaffordable costs allocated to projects and when cities lack the budgets
and the implementation capacities to provide trunk infrastructure, develop-
ment is inhibited and critical infrastructure connections cannot be
provided. Systems for master planning which stipulate unrealistic
standards and which are not coordinated with actual development budgets and
implementation programs are a further serious problem constraining urban
development which warrants separate study.
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THE AFFORDABILITY OF LAND SUBDIVISION LEGISLATION
Uttar Pradesh Case Study

SUMMARY OF UTTAR PRADESH IAND DEVELOPMENT REGULATIONS

1960 REGULATIONS a/

PIOT DEVELOPMENT

PLOTS Page Paragraph
Min. Plot Size 167 m2 (2 stories - 2 households 47 17
Min. Frontage 7.5 . - Calculated on the ratio of

STREET REGUIATTIONS

Block length Street Width
up to 122m 9m
122 - 200 m 12m
200 - 600 m 18m
600 m and + 24m

Street along Park 7.5m
Dead-end Street
60 m 9m

OPEN_SPACE 10%

School-Prim. for pop of 5,000 inhab.
Health-Disp. for pop of 300,000 inhab

GROUP_ HOUSING

Min Area 4,000 m?2

Access Street 12m

Dead end 9m

Max. Coverage 35%

Max. F.A.R. 1.75 (5 stories)

width to depth of plot as
3, specified in Appendix C
of the Master Plan of
Kanpur (1968-1991) para.
1.7

45 13

47 14

Master Plan of Kanpur

46 F.15
46 F.14

Appendix C of the Master
Plan of Kanpur (1968-1991)

a/ Based on Directions issued under the L.U.P. Regulation of Building

Operations Act, 1958 dated July 23, 1960
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Page 2 of 2
1982 PROPOSED REGUIATIONS
PLOT DEVELOPMENT
PIOTS Page Part/Section
Para
Min. Plot size 100 m2 (for corner plots m block 54 I11/2
length, setbak of 3 m) 30.1
Min. Frontage 5.5m
STREETS .
Block Length Street Width Type 24-27 " I1/2
14.2.1
300m 9m Serv. Rd. (no more than 100 plots)
400m 12m Serv. Rd. (100 plots)
400m 7.5 Serv. Rd. (along Park)
500m 9m Loop St.
500m 18m Coll. St. (200 Plots)
500m l4m +/- than 4 ha
SITE SERVICES
Min. Area 25m?
Min. Frontage 3m2 54 111/2
30.1.1
STREETS
Block Length Street Width Type
50m 3m Pathway along 26 11/2
open space 14.2.3
80m 4.5 Plots on both sides
150m 6m Plots on both sides
GROUP HOUSING 65 I11/2
Min Area 5,5000 m2 33
Max. Coverage 35%
F.A.R. 1.75
OPEN SPACE
Open Space/1,000 inhab. (ha) % Density 28 I11/2
0.24 6 250
0.24 9 325
0.24 12 500
0.26 16 625
0.28 21 750
0.28 28 1,000
0.30 37.5 1,250
EDUCATION 29 Table 3
Population Size (ha)
Nursery School 4,000 0.10
Primary School 5,000 0.40
HEALTH

Health Center 20,000 0.50
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Uttar Pradesh Case Study

UNIT COST AND SPECIFICATIONS

Used in 1962 Regulations and

1982 Private Sector

Specifications Unit Cost - Spe PL2

ROADS AND DRAINAGE

18m Type 1
12m 2
9m Type 3
7.5m Type 4
U-drain 5
S-d+cov. 6
7
8
9

Culv.U-d.. 10
Culvert.. 11
Landscap.. 12

WATER SUPPLY

30mm...... 13
250mm. . ... 14
250mm. . ... 14
200mm. .... 15
150mm..... 16
100mm..... 17
80mm. . ... 18
40mm, . ... 19
.......... 20
.......... 21
.......... 22
SEWER

450mm. . ... 23
300mm. .... 24
150mmSS... 25
150mm..... 26
250....... 27
.......... 28
.......... 29
.......... 30
.......... 31
.......... 32

161.
114.
82.
120.
120.
233.
34,
44,
56.
180.
0.
3.

716.
417.
417.
250.
197.
134.
112.

80.
.00
.00
.00

613.
477.
bl

298

271.
331.
.00
.00
.00
.00
.00

[« NeNeNoNe

75
50
70
00
00
00
00
00
00
00
00
38

62
96
96
40
29
58
51
00

75
17

62
87

Rs/m2
"

"
"

Rs/1m
"
1"
"
"
"

"

Rs/m2

ATTACHMENT 2

Page 1 of 1

Reduced Specifications
Used for Public Sector

Specifications Unit Cost - SpePLl

ROADS AND DRAINAGE

4.5m Type 1
12m Type 2
9m Type 3
6.0m Type 4
U-drain 5
S-d+cov. 6
7
8
9

Culv.U-d.. 10
Culvert,. 11
Landscap.. 12

WATER SUPPLY

Rs/1m

30mm. ..... 13
250mm. . ... 14
250mm. . ... 14
200mm. . ... 15
150mm. . ... 16
100mm..... 17
80mm. . ... 18
40mm. . ... 19
.......... 20
.......... 21
.......... 22
SEWER

450mm. . ... 23
300mm. . ... 24
150mmSS... 25
150mm. .... 26
250, ...... 27
.......... 28
.......... 29
.......... 30
.......... 31
.......... 32

30
114
82
63

120.
233.
34.
Y
56.
180.
0.
3.

716

417.
417.
250.
197.
134,
112.
.00
.00
.00
.00

80

613.

477

298.
271.
331.

[oNeNeNe No)

.00
.50
.70
.61
00
00
00
00
00
00
00
38

.62
96
96
40
29
58
51

75
.17
44
62
87
.00
.00
.00
.00
.00

Rs /m2
1"
"
"

Rs/1m
"

Rs/1m
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4 ATTACHMENT 3
TABLE 1. AFFORDABILITY OF THE 1960 REGULATIONS Page 1 of 3
- Sl B = B e e e e e Rt e« D Ry T R B e R ] PRSIy sy g
LAND AND DEVELOPMENT COSTS % % %
base Physic Design Inter. to be
cost Conten Sup¥Mg Const. recov.
6- Land 10.00 0 2 ? 11.12 $/m2
7- Site preparation 12.86 10 12 ? 17.27 "
8~ On site infrastruct. 35,733 10 12 ? 47.47 " v
?- 0FF site recoverable 16.51 10 12 Q@ 23.17 "
10—~ Q.00 (] 0 O 0,00 "
11- Superstructure #1 0 Q O 0 O $/unit
12- v " #2 0 (] o] 0 o "
13- ¢ " #3 Q Q O ) o "
14-%AVERAGE COST = 98,03 Rs/Gross m2
e S e o R I g = B e B e e B« B I Rt e B e R R e I §
LAND USE ! PRICING OF NON RESIDENTIAL LAND
———————— % } -
18-~ Total area ha 14,958 }
19~ Circulation AO26.598 26.58 410
20~ Open space 20 10,00 10,00 %4 |
21~ Frimary schools m2 5009 R A 83.146 Rs/m2
22= Secondary schools m2 0 0,00 %2 1 Q.00 Rs/m2
23~ Other facilities m2 0 Q.00 %4 Q.00 Rs/m2
24—~ Commercial #1 m2 77 0,65 % | 550,00 Rs/m2
25~ " #2 m2 O Q.00 4 1 Q.00 Rs/m2
26~ " #3 m2 ] Q.00 % 0.00 Rs/m2
27- Small industry m2 Q 0,00 % 4 0,00 Rs/m2
28-#Residential area casnes  G99.42 4
Total = 100 %
J0-#TOTAL NMBR.OF FPLOTS 499 Av. Hsld.size: 9
3l-#Fopulation density 167 people/ha
33-*#AVERABE COST = 154,57 Re/NET M2
HE T e D R B R - S D e s B e o R et Kbl et et et e it |
PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS
3I7-Flot type #1 2 #3 #4 #5 #6 #7
38-Monthly income/hsld 2500 I500 3500 4] 0 0 0
I9-Percent of plots 84.83 7.78 7.78 Q.00 Q.00 Q.00 Q.00 Q
40=-#number of plots 423 39 3 0 0 0O Q
41-Plot size m2 147.00 233,76 233.85 o 0. 00 Q Q
42-8ale price per net m2 154.57 154.57 134.57 0O 0 () (o)
4%-Connection cost/plot o ] ] O o] Q ()
44-Cost of Superstruct. Q Q Q O 0
46-#TOTAL FRICE/HSLD 2WBLIT  FE1IT2 Thl4b ] Q 0 0
48-Down payment percent 20 20 20 0O (8] 0O (&)
49- v " lump sum 0O 0 0 0 0 ] Q
S0-Yearly interest rate 2 2 12 ] 0 (8 0
S1-Recovery period years 10 1o 10 0] 0 0 0
F-#MONTHLY FAYMENT 294.28 414.71 414.87 Q.00 0,00 0.00 Q.00 ]
S55—#7% OF MONTHLY INCOME 11.85 11.83 11.8%5 0. 00 Q.00 0,00 0,00 Q
S5~Monthly water charges 10 10 10 0 0O 0 (9]
56-0ther mainten.charqges 3 5 = ] (s} O (o}
S57~-#TOTAL MONTHLY PAYMNT 311.28 429.71 429.87 Q.00 0,00 0. 00 Q.00 0
12.45 12.2 12.2 Q.00 0,00 0.00 0,00 0

S8-#% OF MONTHLY INCOME

COST RECOVERY

62-#AV.FRICE RECOVERED
63-#AV, COST OF DEVELOF.
64-%8URFPLUS/DEFICIT

154.87 $/netM2
154.37 $/netM2
0.19 %

L 28508 $% (1000)
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ATTACHMENT 3
TABLE 2.; AFFORDABILITY OF THE 1982 PROPOSED REGULATIONS e

APPLICABLE TO THE PRIVATE SECTOR Page 2 of 3
T R = e et -t R e B e R Rl e T L il £ Dol e B e Rt IO D PRARRERY RS
LAND AND DEVELOPMENT COSTS % % %
base Physic Design Inter., to be
cost Conten Sup%Mq Const. recov.
6- Land 10,00 0 9 11.12 $/m2
7- Site preparation 12.86 10 1"1 ? 17.27 "
8-~ 0n site infrastruct. 42,00 10 12 ? 56.40 "
- 0Fff site recoverable 16.351 10 12 @ 22.17 "
10~ 0. 00 O O 0 0,00 "
11- Superstructure #1 0 0] 0 O 0 $/unit
12- #2 e} ] 0 s} (3
13- " " #3 0 Q (s} Q (9 I
14-#AVERAGE COST = 106.96 Rae/Gross m2
R B e D R e e« R B Al e e R B i R R e Rt Rt Dottt edd I
LAND USE i PRICING OF NON RESIDENTIAL LAND
———————— YA !
18- Total area ha B.71465 !
19- Circulation 4o 21.87  21.87 4o
20~ Open space % 9.98 ?.98 4
21- Primary schools ma2 FOOO S.74 40 87.16 Rs/m2
22~ Secondary schools m2 0 Qu0 %4 3 0,00 Rs/m2
23~ Other facilities m2 Q Q.00 % Q.00 Re/m2
24~ Commercial #1 m2 1471 1.69 %4 | 25,599 Rs/m2
25~ " #2 ma ] Q.00 % | Q.00 Rs/m2
26~ " #3 m2 Q 0,00 4 1 0.00 Re/m2
27— Small industry m2 ] 0,00 % | 0,00 Re/m2
28-*Residential area vumnne HOT7E A mmmm————————
Total = 100 %
IO-#TOTAL NMBER.OF FLOTS 510 Av. Hsld.size: 35
3l-*¥Population density 293 people/ha
II3-#AVERAGE COST = 154,99 Ra/NET M2

T el B T B el Rt = e B e R R O R e R B B e B

PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS

37-Plot type #1 B2 #3 #4 #5 #6 #7
A8-Monthly income/hsld 1800 2600 2600 4500 4500 o] (0]
JI9-Fercent of plots 94,31 2.35 2.33 0,39 Q.39 Q.00 0,00 0
40~*number of plots 482 2 12 2 2 0 Q
41-Plot size m2 100,00 154,53 134.54 250.00 260.18 . Q 0
42-Sale price per net m2 156.95 19546.95 136.95 156.95 156.93 Q o
43-Connection cost/plot (] ] 8] (o] (] 0 Q
44-Cost of Superstruct. 0 (] 0 Q Q

446=#TOTAL. FRICE/HSL.D 15695 24253 24258 39238 40835 0 0
48-Down payment percent 20 20 20 20 20 0 0

49- " " lump sum 0 O 0 O Q 0 Q
SO-Yearly interest rate 12 12 2 12 12 0O Q
S1-Recovery periond years 10 10 10 10 10 Q Q
S53-#MONTHLY PAYMENT 180,14 278.37 278.43 450,76 468.469 Q.00 0,00 ()
To—#% OF MONTHLY INCOME 10.01 10,71 10,71 10.01 10,42 0.00 0,00 0
33-Monthly water charges 10 10 10 10 10 ) ]
S&~0ther mainten.charges 5 5 5 g 5 0 0

S7-#TOTAL MONTHLY PAYMNT 195.14 293,37 293.43 465.36 483,49 Q.00 Q.00 4]
S58-#7 OF MONTHLY INCOME 10.84 11.28 11.29 10.34 10.75 .00 Q.00 0

COST RECOVERY

62-#AV,. FRICE RECOVERED
&3-#AV, COST OF DEVELDF.
64-#*GURFILLUS/DEFICIT

157.34 $/netM?
156.95 $/netm
Q.25 Y% L 2T4G0 HX (1QO0)

i #oH
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TABLE 3.: AFFORDABILITY OF THE 1982 PROPOSED REGULATIONS

b6~ l.and
7~ Site preparation

8~ On site infrastruc
9- Off site recoverab
10- ’

11=- Superstructure #1

12— " #2

13- v " #3

14~-*AVERAGE COST

R e e R et Rt

LAND USE
18- Total area
19- Circulation
20~ Open space
21- Primary schools
22— Secondary schools

5

23- Other facilities

24— Commercial #1
25 " #2
26— " #3

27- 8Small industry
28-#Residential area

JO~-#TOTAL NMER.OF PLOT
Jl-+Population density

%

APPLICABLE TO THE PUBLIC SECTOR

R O s B I e B e e e el Rt = o s B et S
LAND AND DEVELOPMENT COSTS
base Fhysic Design

%

cast Conten Sup¥Mg

10.
12.
t. 28.
le 16.
0.

[aln]
864
0
51
00
[a]
]
O

O
10
10
10

0

O

(%}

Q

2
12
12
12

(3]

O

O

Q

= f8.%6 Rs/Gross m2

ha 6.1431

“O23.96

0 22,79
m22 HOO0
ma 0
ma O
m2 1824
m2 Q
ma Q
ma ]

Total =
S 1031

R S

—f ———

A

27.96
22,79
8.14
O, 00
a, 00
.97
Q.00
O, 00
Q.00
42,14
100

Y
Av

%
Inter.
Const.

» O 0 0 00

8
0
8]

[ Hmtent = Sdentad ~—h———

to be
recov.
11,12
17.27
38.00
22.17

Q.00

bm—i———

ATTACHMENT 3
Pagg.3 of 3

| =y e———

$/m2

(3]
Q

Jmm e

e

-] -

$/unit

R

t==1-

PRICING OF NON RESIDENTIAL LAND

[]
)
]
1
]
1
]
'
1
1
]
H
]
1
}
]
'
|
]
'
|
3

83.16
Q.00
Q.00

395,00
Q.00
0. 00
Q.00

Re/m2
Rs/m2
Res/m2
Ra/m2
Re/m2
Rs/m2
Re/ma

. Held.cgize!
B39 people/ha

35

I3~#AVERAGE COST
[]

t=—a==m{==hm=e | mmg e | g

= 166.71 Rs/NET M2

—— g ——

B R

e Rt R B

PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS

O .

fom e

R

t--1

37-Plot type #1 #2 #3 #4 #3 #6 #7
38-Monthly inceme/hsld 400 S00 00 0 0 0O 0
39-Fercent of plots 94,51 2,35 2.3 Q.00 Q.00 Q.00 Q.00 ]
AQ~¥number of plots 74 24 24 Q Q Q Q
41-Plot size m2 25.00 31.63 3F1.69 Q.00 0,00 ] 0
42-Sale price per net m2 166.31 1466.31 1b46.31 ] ] O 0
43~Connection cost/plot 0 0 0 0 ] 0 0
44~Cost of Superstruct. 1100 1100 1100 0 0

A46~#TOTAL. PRICE/HSLD 5258 bTb4 £370.4 (o] 0 8] ]
48-Down payment percent 10 10 10 O &} o Q

49- " " lump sum Q 0 0O 0 0 ] ]
T0~Yearly interest rate 12 12 12 ] Q o] 0
J1~-Recovery periond years 20 20 20 o] ] Q (8]
S3I~#MONTHLY FAYMENT 52,10 63.06 63.13 Q.00 0,00 Q.00 0.00 (o
So—-#% OF MONTHLY INCOME 13,03 2.61 12.63 0,00 0,00 0. 00 0. 00 ¢
33-Monthly water charges 2 2 2 Q O Q ]
S6-0ther mainten.charges 2 2 2 v} (o] 0 Q
37-#TOTAL. MONTHLY FAYMNT $56.10 47.06 &7.173 Q, 00 Q.00 0,00 Q.00 (
S58-#% OF MONTHLY INCOME 14,03 13.41 13.43 Q.00 0. 00 0,00 0.00 [

COST RECOVERY
A2-#AV,FRICE RECOVERED
63-#QV ., COST OF DEVELOF
64-*SURPLUS/DEFICIT

lé&a.
146.
0.

I

3G $/netM2
31 $/netM?

02

A

LO1249 S (1000)
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ATTACHMENT 4

TABLE 1. ALTERNATIVE 1, LAND USE AND INFRASTRUCTURE COST Page 1 of 5
LAND USE LISTEM INFRASTRUCTURE COST LISTEM
PLOT  PLOT  %OF  TOTAL % SPEC UNIT  TOTAL  TOTAL
AREA NUMBER FLOTS AREA COST  QUANTIT LAsT

J2.20 qlbé 72.64 1833 0 e o e s e i o
48. 10 88 10.38 4233 4.5mType 1 30,00 HOl& 150480
GO L 00 140 16.51 8400 b.m.Type 2 63,61 2586 1464474
90. 00 4 .47 160 9 m Type T 82,70 1245 102962
TOTAL 848 100,00 TR8E8 12m Type 4 114.1% 209 27821
TOTAL RESIDENTIAL= 32878 U-drain. § 120.00 o 0
) % ST.44 S-d+cov. 6 L 00 0 0
S — KCl.o... 7  58.00 I382 114998
EDUCAT IONAL KC2evun. 8 44,00 o o
SCH1 Y0 KCTnnnn 9 56,00 o o
TOTAL EDUCATIONAL Culv.U=dl0  1BO.00 0 o
Culvert-11 G QO [ 0
Landscapl?  3.38 73369 11387
FARKS AND FLAYGROUNDS e
PRI 1765 TOTAL ROAD % DRAIN COST= S68124
PRK2 3871 —
PRET 1765 Z00mM. .. 13 716,62 o o
TOTAL. FARKS 8401 250mm. .. 14 417.%96 27 11427
% 13.468 200mm. . 15 250,40 142 EHIHO7
- 150mm. .. 16 197.29 668 131705
TOTAL CIRCULATION= 15202 L0Omm, .. 17 134.58 50 6662
v 24,74 80mm...18 112.51 2111 237475
———————————————— - 40mm. . .19 BO.0O ) )
TOTAL AREA = 61471 e E0 0,00 o o
I | 0,00 %) 0
Ceue e B2 Q.00 O 0

TOTAL WATER SUPFLY CO8T= 422777

450mm. . . 23 613,73 27 147830
J00mm. . 24 477017 27 173046
150mm. . .25 298.44 3T9 1010473

180mm. .. 26 271.62 1869 507739
2F0mm. .27 331.87 638 218214

P} Q.00 0 (8]
fana e 0, 06 0 0
PR 0 Q, 00 ) ©
W . 0,00 0 0
.. P .00 o ]

TOTAL, SEWER COST

COST FER GROSS M2




- 91 -

TRABLE 2. : ALTERNATIVE 1, AFFORDABILITY ATTACHMENT 4
—@emmT Ty T T f ' .. Lommnme e e Etatal ke
LAND AND DEVELOPHENT CDSTS Z Z % ’ Page 2 of 5
———————————————————————— base Fhysic Design Inter. to be
caost Conten bup%Mq Canst. recov.
6= Land 10,00 O ? 11.12
7- Site preparation 2.84 10 1” ? 17.27 "
8- 0On site infrastruct. 30,20 10 12 ? 40,93 "
?- Off site recoverable 16.51 10 12 ? 22.17 "
10~ 0. 00 ) ) 0 0.00 "
11—~ Superstructure #1 Q 0 Q O QO $/unit
12- " #2 0 0 O o) o v
15=- " " #3 0 0 (4] 4] o "

14-xAVERAGE COST

TRy [UYVED ST BNPY PR

LAND USE

18— Total area ha
Circulation Y
Open space %
Frimary schools m:
Secondary schools m2
Nther facilities m2
Commercial #1 mz
i 2 ma

" #23 m2
Small industry ma

2B~-#Residential area

I0-*TOTAL NMBR.OF FLOTS
Fl-#Population density

I3-#AVERAGE COST =
i e - P T B

?1.11 Rs/Gross m2

: - ) e o t

A.1471
24,74
135,68

H5O00

0

[a]

240
1154

8]

Q)

Total =
812

bbl

%

24,74
13,68
g.14
0, Q0
0,00
1,37
1.88
0,00
0,00
50.19

100

147.94 Re/NET

e (53 o o

s et

! PRICING OF NON RESIDENTIAL LAND

T R el R LY Py Py D PRy S |

H

i
Yo
%o
VAR .16 Rse/m2
%o 0,00 Re/m2
YA 0,00 Re/m2
%! 350,00 Rs/m2
YA 250,00 Rs/m2
VA 0,00 Rs/m2
VAR 0.00 Re/m2
YA -
YA
Av, Hseld.size! 3

people/ha

M2

e e e B T Ry By R e S |

1

PRICING AND AFFORDABILITY OF RESIDENTIAL PLOTS

A7-Flot type

I8-Monthly income/hsld
I9-Fercent of plots
40—-%*number of plots
4]1~-Plot size m2
42~-8ale price per net m2
43-Connection cost/plot
44-Cost of Superstruct.

446-#TOTAL. FRICE/HSLD

B3 #4 #5 #6 #7
1000 0 0 0 Q
16,26 0,00 0, G0 0,00 Q.00 [ad
1o Iy O O I
&y, OO 3] 0, OO v} 0
D20 (%) 8] Q (]
(4] [8) 0 3] 0
O 0 )
1A O O ¥} I}

100 1t s ok e 40 s s b S O Sk S I O AR S D S, S 00 S R T S Tl g9 ok oo SRS TR VR 44 40 S0 AR 0 A e 1100 1 St S Pl et A e 54D S48 48 e b LD SO SRS S A SO R T AR A S U 49 A T A S e e S SO o S

48-Down payment percent
49— " " lump sum
H0-Yeariy interest rate
S1~-Recovary periaod years

53—*MONTHLY FPAYMENT
S-%% 0OF MONTHLY INCOME
“”—Monthly water charges
S&4&~0ther mainten.charges
G57-#TOTAL MONTHLY FAYMMT
58-#% 0OF MONTHLY IMCOME

#1 #2
400 &HOO
75,846 7.88
616 L4
TR.20 0 48,10
120 165

I8} 0
1100 0
49464 TRE7
10 12
v} 0
2 12
o] 20
49,19 76.90
20300 12,82
53.19 820,90
17.48

12 0 0 0 Q
] (3] (4] O 0
2 Q Q [ &)

20 ) Q Q Q

127.90 0, 00 Q.0 0, 00 0,00 [
12,79 Ly, OO0 0,00 0,00 0,00 ¢
5 3} [§] (8] Q)

4 0 0 0 [»]
134,90 0,00 0, 00 0,00 0,00 :
13.4% 0, 00 0, 00 0, 00 0,00 r

&HI-%#QY, COST OF DEVELOF. =
H4-#GURFLUS/DEFICIT =

L48.81
147.%6
QO

H/netM2
B/metM

Q54 S (1000)
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TABLE 3. ALTERNATIVE 2, LAND USE

ATTACHMENT 4
Page 3 of 5

RESIDENTIAL
FLOTS
COMM#1 COMM#Z AVER.F  FLOT A
SIZE NUMBER
32,44 blb 69,92

- 10 e o oD o S ks A WA St S Lo TS B oS ot o e L T o S o ke e Sl S SR S it o D S (o o o S 1839 Mk b s e v S ot

o i et A St VAt S o S i e A o4 SIS e Y ST S e S S Sy A ol B ST B0 S0 AR it RGP i O T LS Yot S S ST TS RS U SO 4SS SO S TS S WO S0 S o PP e ot W S (e Y SSH T e A e Lo LD S P et

* 50,2 108 12.26
*
* GO, 00 197 17.82
¥*
*
*
*
*
1182 8959 881 100,00

COMMERC IAL.
FLOT FLOT  TOTAL FLOTS
AREA NUMEBER AREA NUMBER AREA
32013 592 19021
F9.93 16 &3%
40,31 8 22
45, O0 24 1080
S50.93 32 14630 o) 187
2. 20 64 3341 é i
LHO ., OO0 161 RhLHO 4 240
61,20 2 20 2 122
63,00 3 S04 2 504
65, 00 2 120 2 130
69.84 4 279 4 279
73,20 2 144 2 1464
TOTAL ?1E  ITeB7S 2041
TOTAL RESIDENTIAL %
COMMERCIAL = 36875
Y 60,02
TOTAL. EDUCATIONAL - =000
% 8.14
TOTAL. FARKS = 4269
46,95
TOTAL. CIRCULATION = 15289
%o24.89
TOTAL AREA = 414732
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Page 4 of §

TABLE 4. ALTERNATIVE 2, INFRASTRUCTURE COST

SFEC UNIT TOTAL TOTAL
COST QUANTIT casT

4.3mType 1 FOL00 4392 1317469
b.m.Type 2 63.61 2411 193370
P m Type = 82.70 1887 156088
12m Type 4 114,19 0 O
U-drain, § 120,00 (9] O
S-d+cov. & 23F,00 (o) Q
KCl... 7 34,00 118 106022
KC2. .. 8 44,00 (%) Q
FCFuvuaw 9 Sh .00 Q O
Culv.U=-di0o 180,00 0 O
Culvert—-11 Q.00 O Q)
lLandscapll I.38 4479 135124

TOTAL ROAD % DRAIN COST= 562374

™t e i 00 S ot s e T o S o S — s 2 T T S e " T o o

I00mmM. . 1T 716,62 O (W)
250mm. .. 14 417.964 0 O
200mm. .. 15 250,40 113 28230

1530mm. .. 16 197.29 P25 182823
100mm.. .17 134,58 133 17933
g0mm. .. 18 112,51 2093 235438

40mm. .. 19 80.00 133 12210
wm e 20 Q.00 Q O
e | 0.00 0 )
e e 22 Q.00 QO Q

TOTAL WATER SUPPLY COST= 474334

A430mm. . .23 613.75 0 O
J00mm. .. 24 477.17 O 0
150mm. . .25 298.44 1607 479597
150mm. ..26 271.62 264 71770
250mm. .. 27 331.87 P95 TI01358
= Q.00 0 0
vessauwal? 0,00 0 0
. 8 Q, 00 O 0
coneaunssl Q.00 Q O
T Q.00 () 0
TOTAL SEWER COST = 8813521

COST FER GROSS M2 = 31.26

A S 100 e e O e s B it et i o e S S B 0 S S o S S o o o
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TABLE S. ALTERNATIVE 2, AFFDRDABILITY ATTACHMENT &4
:-—a-——:——b——-:——c———:——d-——:——a———:——f——-:——q———:——h———t——1———:-— ——— e — =
LAND AND DEVELOPMENT COSTS Z % % Page 5 of 5
———————————————————————— base Physic Design Inter. to be
cast Conten Sup%Mg Const., recov.
46- Land 10,00 0 ? 11.12 %/m2
7- Site preparation 12.86 10 12 ? 17.27 "
8- 0On site infrastruct. 31.26 10 12 ? 41.98 "
- 0Fff site recoverable 14.51 10 12 @ 22.17 "
10- 0. 00 s} o} 0 0.00 "
11~ Superstructure #1 4] ] ] 9] 0 s/unit
12- " #2 O [8) 0 0 (S J
13- n " #7 O s} s} 0 [ I
14-#AVERAGE COST = 92,34 Reg/Gross m?2
- e Bt B R e = B - e e el Rt n et R e e R e il Rk bl e Rl |
LAND USE . ! PRICING OF NON RESIDENTIAL LAND
________ 'A : " o e (o " S ) S T T G T T S S} " YD e i s et e e S W S
18~ Total area ha b.1431 i
19- Circulation % 24,89 24.89 U
20~ Open space % 65,95 b.95 40 :
21- Primary schools ma F000 8.14 % | J.16 Fs/m2
22=~ Secondary schools m2 0 Q.00 7% 1 Q.00 Rg/m2
23= 0Other facilities m2 8] Q.00 % 0 0.00 Rse/m2
24~ Commercial #1 m2 1182 1.92 % i IS0, 00 Re/m2
25— " #2 ma2 889 1.40 % 1 250,00 Rs/m2
26— " #3 ma2 o] Q.00 % 1 0,00 Rs/m2
27= Small industry m2 0 Q.00 % | 0.00 Rs/m2
28-#Residential area e nns DBELTO Y | e ——————— e
Total = 100 %
ZOo—-%#TOTAL. NMEBR.,OF FLOTS 881 Av. Held.size: S
Fl-*Population density 717 people/ha
I3-#AVERAGE COST = 135.74 Re/NET M2
e R B v R e Rt R R T I Bt R Rt R o B R e Rl el i S e |

PRICING AND AFFDRDABILITY OF RESIDENTIAL PLOTS

37-Flot type #1 #2 i3 #4 B #éb #7
I8-Monthly income/hsld 25 HOO 1 Q00 ] 0 O 0
39-Percent of plots 6P.92 12.26 17.82 Q.00 0,00 Q.00 0. 00 0
40-#number of plots b16 108 157 (] 0O . 0 0
41-Flot size m2 32,44 S50.29 0,00 0 O, 00 0 0
42~-8ale price per net m2 86 160 2R0 0O ] 0 0
43-Connection cost/plot 0 0 0 ) 0 0 0
44—-Cost of Superstruct. 1100 0 ] 0 0

446-%TOTAL FRICE/HMSL.D 3890 8044  1T200 (} ] 0 0
48-Down payment percent 10 12 12 ) 0 0 0

49— M " lump sum 8] Q 0 &) ] 0 0
G0-Yearly interest rate 2 2 12 0 Q 0 0
S1~-Recovery period vears 20 20 20 ] O 4] o]
F3I-#MONTHLY FAYMENT IB.ES T77.97 127.90 Q.00 0,00 0,00 Q.00 0
SS—-#% OF MONTHLY INCOME 11.86 12.99 12.79 0. 00 Q.00 Q,00 0,00 0
I5-Monthly water charges 2 2 3 0 O 0 3]
Seb~0ther mainten.charges 2 2 4 0 O 0 0

G7-#TOTAL. MONTHLY FAYMNT 42.55 81.97 134,90 0.00 0., Q0 0,00 Q.00 0
S8-#% 0OF MONTHLY INCOME 13.09 13,66 3.49 Q.00 Q.00 Q.00 0. 00 0

AH2=%AY . FRICE RECOVERED = 176,22 $/netM2
H3~%#AV. COST OF DEVELOF.= 135,76 $/netM:2
LHA4-#SURFLUS/DEFTCIT = 0.33 % 1IP0I R (10O00)





