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ABSTRACT 4 

The assessment of a future urban area’s economic sustainability is more valuable if it is available in 5 

the early stages of the planning process, when the characteristics of the urban pattern are being 6 

established. With the aim to integrate economic sustainability in the urban planning decision-making 7 

process, this study develops a simple methodology to obtain analytical expressions for municipal 8 

operating costs and revenues in a future urban development exclusively in terms of its urban basic 9 

variables. Said formulae facilitate not only the assessment of the area’s economic balance, but also the 10 

analysis at the local or supralocal level of each variable’s economic role. Its application in a sample of 11 

Spanish cities with populations between 100.000 and 300.000 inhabitants has shown that, for these 12 

cities, municipal revenues depend equally on floor area ratio,  property values and  housing density, 13 

while expenditures do so firstly on relative length of road and secondly, on housing density. Economic 14 

sustainability from the municipal standpoint is usually achieved when housing density ranges from 40 15 

to 80 dwellings per hectare. 16 
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INTRODUCTION 27 

Today, it can be assumed that new urban developments must be sustainable from the 28 

environmental, social and economic point of view, thus contributing to the sustainability of 29 

the urban area where they are located (Krueger and Buckingham, 2012). To achieve this goal, 30 

it is necessary to consider sustainability criteria during the decision-making process of each 31 

stage of the development, starting with the design or redesign of new urban areas. From the 32 

environmental point of view, this means that some issues should be taken into account, such 33 

as the consumption of energy, valuable ecosystems or building materials, the creation of 34 

green areas or the limitation of waste production (Naess, 2001). From the social standpoint, 35 

these would include the levels of security, inclusivity or equal access to public services 36 

(Dempsey et al. 2011); and, from the economic perspective, the capacity of the new area to 37 

generate the economic resources that its own metabolism consumes (Ewers and Nijkamp, 38 

1990). 39 

Among all the above-mentioned items, consideration of economic sustainability criteria, - 40 

being adequately weighed -, has been very limited in practice. For example, in a country with 41 

a large urban dynamic such as Spain, its legal implementation has not occurred until the Land 42 

Act of 28th of May of 2007, when it became mandatory for zone planning to include an 43 

economic sustainability measure which assesses the operating cost of new public services for 44 

the Public Administrators involved. Apart from the existence of a greater public awareness of 45 

urban development’s social and environmental aspects, the implementation of economic 46 

sustainability criteria in the urban planning process clashes with the large number of factors 47 

involved and the complexity of some of them. This is a problem especially at the time of 48 

drafting the zone plan, when some of the urban variables which most determine the future 49 

operating costs and revenues are fixed without the data necessary to make accurate economic 50 

forecasts. 51 



For this reason, this study has focused on the economic aspects of urban sustainability, by 52 

proposing a methodology for obtaining the expressions of municipal operating costs and 53 

revenues in a new development exclusively in terms of its main urban variables. Once these 54 

expressions have been elaborated, the urban planner can make economic forecasts during the 55 

planning process without resorting to variables other than those regarding urban planning, 56 

which allows for an easy comparison between different patterns for the same zone. Thus, the 57 

economic role of each variable can be assessed before it is definitely fixed. 58 

The study is structured as follows: the next section analyzes firstly the techniques used to 59 

estimate operating cost and revenues for specific urban areas and their limitations, and 60 

secondly the studies which have explored the relationship between the main urban planning 61 

variables and public services’ operating cost. The following section is dedicated to explaining 62 

the methodology followed to obtain the municipal operating cost-revenue functions in terms 63 

of urban variables from local fees, taxes and public services operating cost, using a sample of 64 

eight Spanish cities with populations between 100.000 and 300.000 inhabitants. Finally, based 65 

on this sample of cities, the usefulness of these functions is shown not only to compare costs 66 

and revenues, but also to analyze the economic role each urban planning variable plays at the 67 

local or supralocal level in the economic sustainability of new urban areas. 68 

 69 

BACKGROUND 70 

Methodology to estimate the cost/revenue balance in future urban developments 71 

Economic sustainability studies, or simply cost/revenue or fiscal impact analyses, were first 72 

used in the United States in the 1930s to analyze developed or future urban areas from an 73 

economic point of view. Their main characteristic is that the economic balance assessed is not 74 

focused on the investment in construction of infrastructure, but on the future operation of 75 

public services once the new area of the city is developed and inhabited. The first study of this 76 



type was carried out in 1933 for a neighborhood of 1.500 inhabitants in the city of 77 

Indianapolis; said study compared the annual revenues of the municipality for property tax 78 

with local costs for health, police and fire protection services. The analysis detected a 79 

negative fiscal balance for the municipality of $81,463 (Mace, 1961). 80 

Although these studies may be of a very varied nature, it is necessary at least to estimate, on 81 

the one hand, a set of tax concepts (taxes and fees) and on the other hand, the operating cost 82 

of public services involved. Additionally, it is essential to define whether only direct 83 

economic concepts will be considered, or whether even the indirect or induced ones will also 84 

be taken into account (Paulsen, 2009). Depending on the approach of the study, each of the 85 

above-mentioned items will have an income or expense nature, since it is possible to estimate 86 

the economic balance for an indeterminate number of people, such as the inhabitants of the 87 

area analyzed or the whole city (social balance); for all the Public Administrators involved 88 

(public balance), or for the Local Finance (municipal balance) (Klug and Hayashi, 2007). 89 

From a methodological point of view, once the subject and object of the study have been 90 

defined, it is common to estimate each cost and revenue item, to add them and to compare 91 

both concepts. However, this apparent conceptual simplicity clashes with the fact that while 92 

tax items usually have a formal nature and they are properly publicized, the assessment of unit 93 

operating cost of public services may present difficulties. The latter, consisting  of the amount 94 

of service units provided (level of service) and their unit cost (Ladd and Yinger, 1989) is not 95 

usually available, as Public Administrations do not often have adequate cost accounting for 96 

the public services they are responsible for, either for their territory as a whole, or for 97 

specifics areas (Castel, 2006).  Therefore, it is necessary to estimate each unit operating cost 98 

from theoretical or empirical sources (Dajani 1973). The theoretical approach is based on the 99 

assessment of its individual elements (material, labor, etc.), while the empirical one, which is 100 

more precise, is based on data provided by the private or public managers of urban services or 101 



the public budget (Hirsch, 1968; Downing and Gustely, 1977). If the source used is the 102 

budget, problems arising from the existence of shared expenses among different services 103 

(Bradford et al, 1969; Guengant, 1995) or cyclical costs (Downing and Gustely, 1977) must 104 

be taken account of.  105 

The existence of all these difficulties is what has largely restricted the massive use of that 106 

kind of assessment. Still, at the same time, it has led many researchers to work on simpler 107 

assessment tools. Those simplified methodologies, focusing mainly on the cost side of fiscal 108 

impact, were collected by Burchell and Listokin (1978) and they are summarized in Table 1: 109 

AVERAGE COSTING METHODS  

Per Cápita Multiplier The costs and revenues of the new population are extrapolated from the current per capita values 

Service Standard The necessary new staff is assessed and the total cost of each service is calculated from labor 

per capita cost 

Proportional Valuation For non-residential developments. Costs and revenues are estimated from the ratio between 

future and current property values 

MARGINAL COSTING METHODS 

Comparable city  Comparison between  cities whose size is similar to that which will result after new development 

Employment anticipation Revenues and costs are estimated from the new jobs created 

Table 1. Simplified methods for costing in new urban developments 110 

Source: Author from Burchell y Listokin (1978) 111 

However, despite their apparent simplicity, the use of less complex methods has significant 112 

limitations. For example, for the use of average methods - based on extrapolation of  ratios -, 113 

new development should cause no jumps on the quantity or characteristics of public services 114 

to be provided (Richardson, 1971; Guelton and Navarre, 2010) and its characteristics need to 115 

be very similar to the existing city’s (Heikkila and Davis, 1997). Meanwhile, marginal 116 

methods such as comparable city or employment anticipation are more theoretical than 117 

practical (Burchell and Listokin, 1978). 118 

Relationship between the cost/revenue balance and urban planning variables 119 

When the operating cost and revenues associated with urban developments started to be 120 

assessed, the influence of the urban pattern on the economic balance obtained became clear 121 



(Boston City Planning Board, 1934). This influence is not uniform for all expenses and 122 

revenues items or all public services.  It is indeed more intense in the so-called services “to 123 

property” (Mace, 1961), such as water supply, sewage, street lighting or waste collection 124 

(Boadway and Kitchen, 1984), since their size and form depend on the location of the 125 

buildings. Additionally, there is another set of personal services, named services “to people", 126 

such as sports facilities, libraries, social services, etc. which are more related to the amount of 127 

population than to its distribution on the territory (Deber et al., 2006).  128 

The relationship between the urban pattern and the size and morphology of some of the main 129 

public services has been analyzed in many studies, which have tried to determine what urban 130 

planning variables impact on their operating and maintenance economic balance, why and to 131 

what extent. Usually, the approach to this field has been conducted using two different 132 

techniques: econometric studies and so-called "engineering" studies (Ladd, 1992). 133 

Econometric studies, the vast majority in the last decades, are used for discovering the 134 

mathematical relationships between economic variables (cost or revenue), and the variables 135 

which determine them, regardless of whether they are of urban, social (Alesina et al., 1999; 136 

Carruthers and Ulfarsson, 2008) or political nature (Hagen and Vabo, 2005; Tellier, 2006). 137 

Since econometric studies are based on statistical data which are often unavailable below the 138 

municipality level, they are usually used to analyze the relationship between variables at the 139 

regional (Ladd, 1994) or national level (Bastida et al., 2013), but are not so in terms of 140 

concrete urban developments. In contrast, "engineering" studies frequently draw   their 141 

conclusions from the analysis of a small sample of future or existing urban patterns (Frank, 142 

1989). This characteristic gives them a greater practical value, although more limited from a 143 

scientific point of view. The main results obtained from both types of studies about the 144 

incidence of urban planning variables on the operating and maintenance costs or revenues of 145 

the urban services are as follows: 146 



Land use 147 

The studies suggest that from the public point of view, the higher the income level of 148 

inhabitants in residential areas the more  fiscally  favorable they become, while industrial and 149 

commercial would remain  virtually neutral (Margolis, 1956; Burchell and Dolphin, 2009). 150 

However, these results must be interpreted with caution, since the city is characterized by a 151 

mixture of uses and it is very difficult to allocate the operating cost of a public service to each 152 

of them. Other studies such as Wong’s (1996) and Costa’s (2011) showed that the presence of 153 

tourism activities increased municipal per capita spending on the provision of basic public 154 

services. 155 

Housing density 156 

The role of this variable in the economic balance of urban developments has been widely 157 

studied, but many uncertainties in this aspect still remain (Edwards and Xiao, 2009). Apart 158 

from the different scope or territorial scale of the studies, there are several reasons that 159 

contribute to these uncertainties. For example, Ladd (1992) detected that while econometric 160 

studies show an increase in the cost of providing public services when housing density rises, 161 

the opposite is observed in "engineering" studies. The difference is that in many econometric 162 

studies, housing or population density is measured in average terms on the municipal area, so 163 

any rise in population will automatically increase housing or population density; this 164 

overlooks the possible impact of growing population dispersion within the municipal limits 165 

(Elis-Williams, 1987). Said shortcoming might be detected in lower territorial scale studies or 166 

when the municipal developed area is considered (Carruthers and Ulfarsson, 2003; Hortas and 167 

Solé-Ollé, 2010). Other sources of uncertainty are the difficulty to isolate the economic role 168 

of housing density from other urban or non-urban variables such as building type (Windsor, 169 

1979; Fouchier, 2001), population income level (Kain, 1967; Dekel, 1995; Kotval and Mullin, 170 

2006); or to differentiate economies of density from economies of scale, since high density 171 



usually appears in large population settlements (Solé-Ollé and Bosch, 2005; Holcombe and 172 

Williams, 2008). 173 

Apart from all the above said, most "engineering" and econometric studies seem to indicate  174 

that increasing housing density decreases per capita cost of providing public services. As an 175 

example, research carried out by authors such as Wheaton and Schussheim (1955) or Real 176 

Estate Research Corporation (RERC) (1974) – which would be included in the “engineering” 177 

group - show savings of up to 11% when housing density increases. Whereas Downing and 178 

Gustely (1997) showed that the annual operating costs of public services in an area of 1.000 179 

dwellings was three times higher if the density were 1 dw/acre compared to 60 dw/acre. 180 

Meanwhile, econometric studies as those carried out by Dekel (1995) have indicated that low 181 

density is always in deficit regardless of income level of the inhabitants. Carruthers and 182 

Ulfarsson (2003) showed that in low density developments, linear services are more 183 

expensive, and it is difficult to obtain economies of scale for others such as school services. In 184 

the case of Spanish municipalities, Hortas and Solé-Ollé (2010) and Bastida et al. (2013) drew 185 

similar conclusions. Unlike this mainstream theory, some other studies do not show a 186 

significant influence of this variable if the effect of the greater range of services in high 187 

density areas is eliminated (Guengant, 1995) or call into question the notion that high housing 188 

density results in global savings in the provision of public services (Kain, 1967; Peiser, 1989; 189 

Gordon and Richardson, 1997; Morlet, 2001; Holcombe and Williams, 2008). 190 

Relative dimensions of public space 191 

In public services which consist of a physical infrastructure, operating cost largely depends on 192 

either linear or area size (Stone, 1973; Martin and March, 1975; Carruthers, 2002). For this 193 

reason, many studies have found that when the relative length or area of road in an urban 194 

development increases, per capita cost also rises for services such as sewage (Speir and 195 

Stephenson, 2002), street cleaning (Alvarez et al., 2005) or public lighting (Tähkamo et al., 196 



2012). In this context, it is important to differentiate the role of variables such as the relative 197 

road length or area, housing density and lot size, which are sometimes used as equivalents, 198 

since the correspondence between the three is only direct on exclusively single-family 199 

developments (Urban Land Institute, 1958; Najafi et al, 2007; Mohamed, 2009). For example, 200 

when the number of building floors is variable, the very same housing density can lead to 201 

very different urban patterns. The importance of differentiating the role that the relative size 202 

of public spaces and housing density play in the operating cost of public services appears 203 

evident in cities with declining population, where per unit area population decreases while the 204 

amount of infrastructure to operate remains fixed (Koziol, 2004; Moss, 2008). 205 

Location of development  206 

The location of a development in its urban context can have different economic effects.  207 

Those related to social context would appear most obvious, as this aspect largely determines 208 

the characteristics and the range of services to be provided as well as the level of fees and 209 

taxes. Other aspects involved are the distance from the new urban development to common 210 

infrastructures (Speir and Stephenson, 2002) or the capacity available in the nearest (Wheaton 211 

and Schussheim, 1955; Office Fédéral du Developpement Territorial, 2000). When social 212 

costs of development are being assessed, this variable strongly influences transport costs 213 

arising from the distance between households and work centers (Transport Cooperative 214 

Research Program, 2002). 215 

Building type 216 

As noted before, the role of this variable is often confused with housing density since both 217 

variables are closely linked in many of common urban developments. However, this variable 218 

plays a distinct role and only a few studies have tried to isolate it. They have shown a slight 219 

decrease in per capita operating costs for some services when the building type - usually 220 



multi-family buildings - allows for grouping mailboxes or water meters to be managed (Stone, 221 

1973; Brück et al., 2000). 222 

 223 

METHODOLOGY FOR OBTAINING MUNICIPAL OPERATING COST AND 224 

REVENUE 225 

Objectives and description of the methodology 226 

As already noted, the economic sustainability of an urban area, - particularly from the point of 227 

view of the Public Administrators providing public services -, is measured by its ability to 228 

generate the economic resources that its own operation will require in the long term. The aim 229 

of this study is to provide a simplified tool for estimating the municipal operating costs and 230 

revenues for the horizon year in a new development when the zone plan is being drafted. For 231 

this purpose, a methodology has been developed to obtain the analytical expressions of these 232 

costs and revenues exclusively in terms of said development’s basic urban variables. Through 233 

these equations, it is possible to assess the economic balance of the analyzed area as well as 234 

the costs and revenues’ sensitivity against the variation of each urban variable before they are 235 

definitely fixed. Apart from this, their use with consistent samples allows for the obtainment 236 

of results at the supralocal level. 237 

The use of the operating costs and revenues equations is a great advantage over the existing 238 

simplified assessment methods, since it does not depend on the similarity between the new 239 

urban areas and the pre-existing ones, nor does it require the use of data different from urban 240 

planning ones that are available at the moment the plan is being drafted. 241 

This study has referred to municipalities or equivalent local governments (municipal costs) as 242 

they are usually responsible for providing the services more closely related to territory 243 

(Ermini and Fiorillo, 2008). Yet, the method proposed could also be used when several 244 

administrations (public costs) are providing them (Joassart-Marcelli and Musso, 2005). 245 



Nevertheless, it should be noted that were several entities to be involved in providing services 246 

“to property”, the optimal urban form might be different for each of them, from the economic 247 

sustainability point of view. 248 

With the aim to show not only the methodology for obtaining the formulae but also their 249 

complementary utilities, a sample of cities has been used to carry out the study rather than 250 

only one. Spanish cities have been chosen, since they provide all the services “to property” 251 

(water supply, sewage, waste collection, transportation and disposal, street lighting and roads 252 

and parks maintenance); for this reason, their economic impact on each new urban area is 253 

expected to be notably influenced by the urban form. All of them have a population between 254 

100.000 and 300.000 inhabitants, since in cities below or above this range it is more likely to 255 

find revenue or expenditure singularities (Solé-Ollé and Bosch, 2005). As indicated, in order 256 

to obtain not only individual results for each city, but also broader results for this range of 257 

cities, there has been an attempt to cover all the Spanish geography and its per capita income 258 

level (La Caixa, 2005).  There are 56 cities in this range of population (2010) in Spain; thus, 259 

the sample size is large enough.  260 

According to the proposed methodology, it is necessary to follow three steps in order to 261 

obtain the analytical expressions for municipal costs and revenues. Firstly, depending on the 262 

Public Administration analyzed, the economic flows involved should be identified, as well as 263 

the urban variables that influence them. Secondly, public costs and revenues are assessed for a 264 

set of prototype developments whose planning variables are known. Finally, the analytic 265 

expressions are obtained through a multivariate analysis where the independent variables are 266 

the economic ones and the regressors correspond to the urban variables. 267 

Economic flows involved 268 

The methodology has been conceived from the perspective of the Public Administrations and 269 

only direct tax exchanges between these entities and the future inhabitants of the area will be 270 



considered, since this is the most common expression of economic relationships between the 271 

two parts. The annualized cost of building infrastructure with its interests has not been 272 

included as the investment is usually paid by private companies. However, it would not be a 273 

problem to consider it, were this not the case. Instead, annual depreciation cost of the 274 

infrastructure has been considered, as its renewal at the end of its useful life is usually 275 

assigned to the entity which operates it, regardless of who paid for it at the beginning. This 276 

method is exclusively based on the intrinsic characteristics of residential developments and 277 

does not consider jumps in the quantity or quality of the services provided for the whole city. 278 

Social cost cannot be assessed, since this would require taking into account the distribution of 279 

households and work centers in the urban context which implies more complex estimations 280 

(Klug and Hayashi, 2007). For these reasons, this methodology could be categorized as a 281 

fiscal impact method. 282 

Considering the above, the first step is to determine the items of revenues and expenses 283 

considered, as well as the urban planning variables closely linked to each one. They are 284 

shown in Table 2.  Individuating services “to people” and “to property” has been both useful 285 

and descriptive, given their different relationship with the urban planning variables: 286 

ITEM COST/REVENUE FUNCTION  URBAN DETERMINANT REFERENCE 

REVENUES (€/ha/yr)    

Services “to people” 
revenues 

𝑆𝑒𝑟𝑣. 𝑃𝑒𝑜𝑝. 𝐼𝑛𝑐./𝐼𝑛ℎ./𝑦𝑟 𝑥 𝑖𝑛ℎ/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Mace (1961) 

Services “to property” 
revenues 

   

Property tax 𝑉 𝑥 𝑇𝑎𝑥 𝑥 10000 𝑥 𝐸  𝐸(𝑚2/𝑚2)/V(€/m2) Solé-Ollé (2006) 

Vehicle tax 𝑇𝑎𝑥.  𝑥 𝑣𝑒ℎ. 𝑛𝑜/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Solé-Ollé (2006) 

Wat.Supply/Sew./Treat. 𝐹𝑒𝑒/𝑚3 𝑥 𝑤𝑎𝑡. 𝑐𝑜𝑛/𝑖𝑛ℎ 𝑥 𝑖𝑛ℎ/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Vallés & Zárate (2012) 

Refuse coll./Disp/Treat. 𝐹𝑒𝑒 / 𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Puig-Ventosa (2008) 

Garage fee 𝐹𝑒𝑒 𝑥 𝑔𝑎𝑟𝑎𝑗𝑒 𝑛𝑜. 𝑔𝑎𝑟𝑎𝑔𝑒 𝑛𝑜. = 𝑓(𝐷) * 

EXPENSES (€/Ha/yr)    

Services “to people” 
expenses 

𝑆𝑒𝑟. 𝑃𝑒𝑜𝑝. . 𝐸𝑥𝑝/𝐼𝑛ℎ./𝑦𝑟 𝑥 𝑖𝑛ℎ/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Mace (1961) 

Services “to property” 
expenses 

   

Water supply 𝑚3 𝑐𝑜𝑠𝑡 𝑥 𝑤𝑎𝑡. 𝑐𝑜𝑛/𝑖𝑛ℎ 𝑥 𝑖𝑛ℎ/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) AEAS (2011) 

Water pipe. mainten. 𝑚𝑎𝑖𝑛𝑡. 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡 𝑥 𝑝𝑖𝑝𝑒 𝑙𝑒𝑛𝑔ℎ𝑡 𝑝𝑖𝑝𝑒 𝑙𝑒𝑛𝑔ℎ𝑡 = 𝑓(𝐿) AEAS (2011) 

Sewage pipe. mainten. 𝑚𝑎𝑖𝑛𝑡. 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡 𝑥 𝑝𝑖𝑝𝑒 𝑙𝑒𝑛𝑔ℎ𝑡 𝑝𝑖𝑝𝑒 𝑙𝑒𝑛𝑔ℎ𝑡 = 𝑔(𝐿) AEAS (2011) 

Sewage treatment 𝑚3 𝑐𝑜𝑠𝑡 𝑥 𝑤𝑎𝑡. 𝑐𝑜𝑛/𝑖𝑛ℎ 𝑥 𝑖𝑛ℎ/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) AEAS (2011) 

Refuse collection 𝑟𝑒𝑓. 𝑐𝑜𝑙𝑙. 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡/𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Dijkgraaf & Gradus (2003) 



Refuse disp/treat. 𝑚3 𝑐𝑜𝑠𝑡 𝑥 𝑟𝑒𝑓. 𝑝𝑟𝑜𝑑./𝑖𝑛ℎ. 𝑥 𝑖𝑛ℎ./𝑑𝑤 𝑥 𝐷 𝐷 ( 𝑑𝑤/ℎ𝑎) Callan & Thomas (2001) 

Street cleaning 𝐶𝑙𝑒𝑎𝑛. 𝑢𝑛𝑖𝑡. 𝑐𝑜𝑠𝑡/𝑚 𝑥 𝐿 𝐿 ( 𝑙𝑒𝑛𝑔ℎ𝑡. 𝑟𝑜𝑎𝑑/ℎ𝑎) Álvarez et al. (2004) 

Public lighting 𝑙𝑢𝑚𝑖𝑛𝑎𝑟𝑦 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡 𝑥 𝑙𝑢𝑚𝑖𝑛𝑎𝑟𝑦 𝑛𝑜. 𝑙𝑢𝑚𝑖𝑛𝑎𝑟𝑦 𝑛𝑜. = ℎ(𝐿) San Martín (1985) 

Parks/Gardens maint. 𝑚𝑎𝑖𝑛𝑡. 𝑢𝑛𝑖𝑡. 𝑐𝑜𝑠𝑡 𝑥 𝑃𝑎𝑟𝑘𝑠 𝑎𝑟𝑒𝑎  𝑝𝑎𝑟𝑘𝑠 𝑎𝑟𝑒𝑎 = 𝑘(𝐷) ** 

Pavements maint.  𝑚2 𝑟𝑒𝑝𝑎𝑖𝑟. 𝑢𝑛𝑖𝑡 𝑐𝑜𝑠𝑡 𝑥 % 𝑟𝑒𝑝𝑎𝑖𝑟 𝑥 𝑆 𝑆 ( 𝑟𝑜𝑎𝑑 𝑎𝑟𝑒𝑎/ℎ𝑎) *** 

Urban Planning Variables: (D) Housing Density (dw/ha); (E) Floor Area Ratio (m2/m2);  

(V) Building Value (€/m2 lot or floor area); (L) Relative Length of road (m/ha);   

(S) Relative road area (% road area / developed area) 

* It is assumed that there is a garage for each single-family house or twenty multi-family houses 287 
** Spanish planning regulations establish the parks and gardens area in proportion to housing density  288 
*** It is assumed that 0.5% of public roads of new development will be annually repaired 289 

Table 2. Revenues and expenses items considered and urban planning variables linked to them 290 

Source: Author 291 

Table 2 shows that urban planning variables with influence on per unit area revenues of 292 

services “to property” would be: housing density (D), the floor area ratio (E) and the value of 293 

lot or future buildings (V). The latter could be considered as a proxy for the location of the 294 

analyzed area within its urban context. On the expenditure side, the urban planning variables 295 

involved would be: housing density (D), the relative dimensions of public space, expressed as 296 

the relative length of road per unit developed area (L) or the percentage of road area on the 297 

developed area (S). Since the nature of services “to people” is strictly related to population 298 

size, the revenues and expenditures per unit area associated with that type of services depend 299 

exclusively on housing density (D). In addition to the urban variables indicated, Table 2 300 

shows that revenue and expenditure items depend on the tax burden, on the per unit operating 301 

cost of a service or on a per-household ratio. 302 

The necessary data according to Table 2 were obtained from different sources. Data on local 303 

taxes and the size of households were obtained from the Spanish Ministry of Finance and 304 

Public Administration, while per capita revenues and expenses in services “to people" were 305 

obtained from the municipal budget. Although, as indicated, it is possible to use different 306 

sources for estimating the unit cost of public services, the most accurate method was finally 307 

opted for, by obtaining the necessary data through interviews with the municipal person in 308 

charge of each service. It should be noted that the operating cost of the services has not been 309 

homogenized to any standard, because this study aims to determine if the level of service 310 



provided by the municipality could be afforded with the existing tax burden under certain 311 

urban conditions. Data for each municipality relating to the year 2011 are shown in Table 3: 312 

 AG GR AL SA MA LO LL SS 

REVENUES          

Services “to people” 
revenues 

        

Peop.Reven.(€/inhab/yr) 581 855 541 632 721 546 575 1134 

Services “to property” 
revenues 

        

Property tax (%) 1,100 0,650 0,539 0,700 0,3300 0,5300 0,6900 0,1832 

Vehicle tax (€/veh/yr) 63,05 64,24 62,41 62,99 68,16 57,81 64,75 81,56 

Wat.Supply/Sew./Treat.  
fee(€/dw/yr) 

425,76 523,08 389,64 135,24 253,20 105,12 125,52 160,08 

Refuse collect/disp/treat. 
fee (€/dw/yr) 

89,21 89,52 62,50 119,42 105,41 45,88 57,30 116,34 

Garage fee (€/gar./yr) 64,14 202,50 110,95 105,66 18,99 115,23 119,70 65,17 

EXPENSES          

Services “to people” 
expenses 

        

Peop.Expen.(€/inh./yr) 731 912 566 725 789 622 812 1166 

Services “to property” 
expenseses 

        

Drinking water cost (€/m3) 0,40 0,26 0,43 0,37 0,25 0,23 0,41 0,31 

Water pipe. mainten.unit 
cost (€/m) 

1,99 2,62 2,16 1,83 1,53 6,02 1,68 4,38 

Sewage pipe. mainten. 
unit cost(€/m) 

3,71 1,62 3,75 2,42 5,38 6,02 3,15 9,50 

Sewage treat. unit cost 
(€/m3) 

0,17 0,19 0,13 0,16 No mun. 0,47 0,19 0,22 

Refuse collection unit. cost 
(€/dw/yr) 

88,77 84,88 58,40 43,80 37,12 40,15 51,10 62,04 

Refuse treat. unit cost 
(€/inh/yr) 

39,41 34,49 18,25 13,50 22,26 11,82 8,03 57,65 

Street cleaning unit. cost 
(€/m) 

34,45 47,05 18,98 8,39 6,62 14,96 18,61 24,40 

Street lighting 
energy/maint. cost (€/lum) 

132,80 86,53 85,89 106,95 84,70 78,78 75,55 97,48 

Parks/Gardens maint. Unit 
cost (€/m2) 

15,12 4,01 3,23 3,17 2,26 2,40 3,38 11,05 

Pavem. maint. (€/m2) 21,19 21,19 21,19 21,19 21,19 21,19 21,19 21,19 

RATIOS 

Vehicles/dw 1,52 1,44 1,41 1,17 1,10 1,08 1,14 1,10 

Inhab./dw 3,16 2,92 3,06 2,75 2,79 2,72 2,75 2,69 

Water Cons./inh./day (l) 218 250 215 202 167 133 196 134 

Cities: Algeciras (AG); Granada (GR); Almeria (AL); Salamanca (SA); Mataro (MA); Logroño (LO); Lleida (LL); San Sebastian (SS) 

Table 3. Tax burden, ratios and operation and maintenance unit cost of public services in the municipalities analyzed 313 

Source: Author 314 

As can be observed in Table 3, both the level of fiscal pressure and the operating cost of 315 

public services are quite heterogeneous in the municipalities considered, despite constituting a 316 

relatively homogeneous sample. All the services “to property” are provided by municipalities, 317 

with the exception of Mataro, where sewage treatment is at a higher territorial level. 318 



Construction of the income and expenses formulae  319 

Table 2 shows that the relationship between each operating costs and revenues item and urban 320 

variables is always linear. This means that the relationship at a global level will also be so. 321 

Since all urban variables are expressed as per unit area ratios, total incomes and expenses will 322 

be expressed as per hectare and year ratios. Therefore, the relationship between economic and 323 

urban variables could be expressed analytically as follows: 324 

𝐼𝑛𝑐𝑜𝑚𝑒𝑠 (€/ℎ𝑎/𝑦𝑟) =  𝛼𝑥𝐸 +  𝛽𝑥𝑉 +  𝛾𝑥𝐷 + 𝛿            (1) 325 

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 (€/ℎ𝑎/𝑦𝑟) =  𝜙𝑥𝐷 +  𝜑𝑥𝐿 +  𝜓𝑥𝑆 + 𝜔             (2) 326 

Where the coefficients of proportionality α, β, γ, φ, φ and ψ would be the sum of the 327 

individual coefficients of proportion 𝛼𝑖, 𝛽𝑖, 𝛾𝑖, ∅𝑖, 𝜑𝑖 and 𝜓𝑖 existing between each cost and 328 

revenue item and the urban variables that determine it: 329 

𝐼𝑛𝑐𝑜𝑚𝑒𝑠 (€/ℎ𝑎/𝑦𝑟) =  ∑ (𝛼1 + ⋯𝑘
𝑖=1 𝛼𝑘) ∗ 𝐸 + ∑ (𝛽1 + ⋯𝑚

𝑖=1 𝛽𝑚) ∗ 𝑉 + ∑ (𝛾1 + ⋯𝑛
𝑖=1 +𝛾𝑛) ∗ 𝐷 + 𝛿         (3) 330 

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 (€/ℎ𝑎/𝑦𝑟) =  ∑ (∅1 + ⋯
𝑝
𝑖=1 ∅𝑝) ∗ 𝐷 + ∑ (𝜑1 + ⋯

𝑞
𝑖=1 𝜑𝑞) ∗ 𝐿 + ∑ (𝜓1 + ⋯𝑟

𝑖=1 +𝜓𝑟) ∗ 𝑆 + 𝜔       (4) 331 

 332 

Most individual coefficients are known as they are the tax and fee rates, per household ratios 333 

or operating cost of public services shown in Table 3. However, in other cases the relationship 334 

between each item of income and expense and the urban variables that determine them is an 335 

unknown function (Table 2). To solve this problem and to obtain the global coefficients for 336 

the expressions of municipal incomes (1) and expenses (2), it is deemed most appropriate to 337 

conduct a multivariate analysis based on the assessment of the total operating incomes and 338 

expenses for the horizon year in a set of prototype urban developments, with known 339 

infrastructure and urban variables, and then perform a linear regression between urban 340 

(regressors) and economic (dependent) variables. This methodology combines the advantages 341 

of both the engineering and econometric studies as it can be used to assess specific 342 

developments and it is based on analytical equations.  343 



However, in order to obtain consistent equations it is necessary for the number of prototypes 344 

(iterations) to be large enough, thus covering the full range of logical values for each variable 345 

and all possible combinations between them. Given the particularities of each building type 346 

(commercial uses, collective garages, etc.), this example independently analyzes the isolate 347 

and semi-detached single-family and multi-family building types. Combining the values for 348 

each urban variable shown  in Table 4, a total of 36 scenarios for incomes and 64 for expenses 349 

were obtained, which is significantly higher than those used in “engineering” studies such as 350 

Wheaton and Schussheim’s (1955), RERC (1974), Downing and Gustely’s (1977) or Speir 351 

and Stephenson’s (2002): 352 

  Isolate single-family Semi-detached single family   Multi-Family 

E (m2/m2) 0,20    0,25      0,35 0,35    0,40     0,50 0,35    0,50     1,00 
V €/m2 lot/floor 180     270      360 1250    1875    2500 1250   1875    2500 

D dw/ha 5 10 15 20 15 20 30 40 20 40 60 80 

L m/ha 175 200 225 250 175 200 225 250 100 125 150 175 

S %road/dev.area 20 25 30 35 20 25 30 35 25 30 35 40 

Table 4. Reference values for each variable used in the developed of prototypes 353 

Source: Author 354 

As regards the characteristics of the prototypes, the recommendations of Caminos and 355 

Goethert (1978) were followed, thus using square developments of 400 m. by 400 m. with 356 

grid pattern not to introduce a bias between variables. An example of the prototypes with their 357 

urban pattern and associated infrastructures is shown in Figure 1: 358 



 359 

Fig. 1. Example of prototypes and their main urban planning variables and infrastructures 360 

Source: Author 361 

Once revenues and expenses for each prototype and municipality for the horizon year (all the 362 

dwellings inhabited) have been estimated and the multivariate analysis performed, the 363 

coefficients obtained for linear regressions for each municipality for equations (1) and (2) are 364 

shown in Table 5: 365 

 Coefficients of revenue expressions 

 AG GR AL SA MA LO LL SS 
Isolated S-F         

𝛼 50061,06 29575,00 24535,14 31850,00 15015,00 24115,00 31327,07 8335,60 

𝛽 33,09 19,54 15,99 21,05 9,92 15,93 20,74 5,50 

𝛾 2488,80 3401,33 2303,26 2161,65 2468,96 1807,10 1947,24 3490,15 

𝛿 571,36 341,84 360,71 368,14 173,55 278,73 374,65 96,34 

𝑅2 0,996 0,999 0,999 0,998 1,000 0,998 0,998 1,000 

Sem-Det. S-F         

𝛼 103125,00 60937,50 50531,25 65625,00 30937,50 49687,50 64262,34 15566,42 

𝛽 25,08 14,82 12,29 15,96 7,52 12,08 15,73 4,17 

𝛾 3520,77 3520,08 3520,08 2289,54 2529,25 1903,42 2074,40 3520,77 

𝛿 -47029,29 -27790,03 -23044,35 -29927,73 -14108,78 -22569,57 -29378,19 -7162,27 

𝑅2 0,996 0,999 0,998 0,998 1,000 0,998 0,997 1,000 
Multi-Family         

𝛼 102991,45 60858,58 50465,81 65540,01 30897,43 49623,15 64404,52 16442,95 

𝛽 38,68 22,85 18,95 24,61 11,60 18,63 24,26 6,44 

𝛾 2657,65 3348,04 2367,70 2140,46 2511,21 1838,53 1981,65 3477,89 

𝛿 -69986,08 -40124,09 -33854,42 -44853,09 -19962,25 -33732,76 -44214,96 -10167,32 

𝑅2 0,996 0,999 0,998 0,998 1,000 0,998 0,997 1,000 



 Coefficients of cost expressions 

 AG GR AL SA MA LO LL SS 
Isolated S-F         

𝜙 2671,69 2975,98 1986,98 2187,22 2348,15 1865,02 2429,97 3430,60 

𝜑 79,77 104,41 46,34 27,20 19,96 37,90 45,85 54,60 

𝜓 176,38 151,75 160,60 162,05 167,10 168,22 157,99 191,40 

𝜔 16546,59 5429,25 5051,75 4476,89 4347,20 5449,11 4984,72 14406,69 

𝑅2 0,999 1,000 0,999 0,999 0,999 0,999 1,000 0,999 

Sem-Det. S-F         

𝜙 2672,07 2974,86 1987,95 2188,06 2350,34 1864,45 2430,84 3433,28 

𝜑 80,50 105,46 48,10 28,34 22,08 40,79 47,37 57,88 

𝜓 177,87 156,61 207,27 232,47 208,76 203,53 198,25 245,05 

𝜔 16433,72 5191,13 3978,16 3200,24 3254,39 4275,94 4072,11 12834,43 

𝑅2 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Multi-Family         
𝜙 2839,77 3013,24 2015,93 2216,98 2366,86 1878,00 2460,94 3546,70 

𝜑 89,69 111,22 55,95 34,28 32,13 52,07 53,95 73,27 

𝜓 152,61 136,66 173,77 183,58 180,49 173,09 166,65 208,41 

𝜔 10962,89 3487,17 3112,31 3062,82 2299,50 3023,22 3182,31 8281,11 

𝑅2 0,999 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Cities: Algeciras (AG); Granada (GR); Almeria (AL); Salamanca (SA); Mataro (MA); Logroño (LO); Lleida (LL); San Sebastian (SS) 

Table 5. Coefficients obtained for municipal operating cost and revenue expressions 366 

Source: Author 367 

The coefficients obtained for each municipality are very different from each other due to the 368 

significant differences existing in taxes, fees and operating cost of services (Table 3). Instead, 369 

correlation coefficients are very high in all cases due to the direct proportionality between the 370 

urban and economic variables, even in those cases where the relationship was unknown 371 

(Table 2). The expressions obtained are applicable to the tax burden and operating cost of 372 

services at a particular time, but its updating only requires the application of the values 373 

modified to the prototype developments used. Thus, the public entity providing public 374 

services may have a current equation on hand for making economic prognosis with very little 375 

effort. 376 

 377 

APPLICATION OF THE REVENUES AND EXPENSES EQUATIONS IN MEDIUM-378 

SIZED SPANISH CITIES 379 

Urban patterns for economically sustainable developments in Spanish medium-sized 380 

cities 381 



As indicated, Public Administrators providing all or part of the services "to property" can 382 

obtain with this method the equations to estimate their own operating costs and revenues in a 383 

future development in terms of its basic urban variables. An example of incomes and 384 

expenses assessment for two alternative patterns in the same zone exclusively in terms of their 385 

determinant urban variables (Table 2) in the Spanish municipalities selected is shown in 386 

Figure 2: 387 

 388 

Fig. 2. Example of operating expenses and revenues prognosis 389 

Source: Author 390 

As indicated, in addition to showing the usefulness of the method to obtain results at the local 391 

level, by selecting a consistent sample of Spanish cities with a population between 100.000 392 

and 300.000 people, it has been possible to obtain representative results of economic 393 



sustainability in new developments for this range of cities according to their representative 394 

urban variables (Table 2): 395 

Isolated single-family developments 396 

Employing housing density as a common variable between revenues and expenses (Table 2), 397 

Figure 3 shows that maximum per unit area annual revenues (floor area ratio (E) and the 398 

property values (V) at their maximum levels) are not able to equal the minimum expenses 399 

(with the relative road length (L) and area (S) at their minimum levels). Thus, it is possible to 400 

conclude that in this range of population, it is not possible to reach economic sustainability for 401 

future urban developments in Spanish cities based exclusively on isolated single-family 402 

dwellings. The exception obtained in the city of Salamanca is based on an unusual 403 

combination of high house size (more than 500 m2) and high property value (more than 2.000 404 

€/m2 or $2.640/m2). 405 

 406 

Fig. 3. Per unit area annual incomes and expenses envelopes. Isolate single-family dwellings 407 

Source: Author 408 



Semi-detached single-family developments 409 

If the same comparison is carried out for semi-detached single-family building type, it is 410 

observed that, except in the city of San Sebastian, the spending envelope is contained within 411 

the revenue envelope (Figure 4): 412 

 413 

Fig. 4. Per unit area annual incomes and expenses envelopes. Semi-detached single-family dwellings 414 

Source: Author 415 

Combinations where the municipal incomes are able to equal the minimum expenses (the 416 

relative road length (L) and area (S) at their minimum levels) in each city are listed in Table 6, 417 

when combinations containing unusual dwelling size for this building type in Spain (over 300 418 

m2) are removed, - that is, those with floor area ratio (E) of 0,50 m2/m2 and housing density 419 

of 15 dw/ha-: 420 

Housing 

Density (D) 

(dw/ha) 

Floor Area Ratio (E) and Property Value (V) combinations 

E1-V1 E1-V2 E1-V3 E2-V1 E2-V2 E2-V3 E3-V1 E3-V2 E3-V3 

15  SA 
AG,AL,SA,

LO 
 AL,SA 

AG,GR,AL,

SA,MA,LO,

LL 

   

20  SA AG,AL,SA  AL,SA 
AG,GR,AL,

SA,LO,LL 
SA 

AG,AL,SA,

LO 

AG,GR,AL,

SA,MA,LO,



LL 

30  AL AL,SA  AL,SA 
AG,GR,AL,

SA,LO 
 AL,SA 

AG,GR,AL,

SA,MA,LO,

LL 

40  AL AL,SA  AL,SA GR,AL,SA  AL,SA 
AG,GR,AL,

SA,LO 

AG: ALGECIRAS GR: GRANADA AL: ALMERIA SA: SALAMANCA MA: MATARÓ LO: LOGROÑO LL: LLEIDA SS: S.SEBASTIÁN 

PROPERTY VALUE (V): V1: 1.250 €/m2  V2: 1.875 €/m2  V3: 2.500 €/m2 

FLOOR AREA RATIO (E): E1: 0,35 m2/m2  E2: 0,40 m2/m2  E3: 0,50 m2/m2 

Table 6. Economically sustainable combinations of Housing Density (D), Floor Area Ratio (E)  421 

and Property Values (V). Semi-detached single-family dwellings 422 

Source: Author 423 

The above results might suggest that in this building type, with the relative length and area of 424 

roads at their minimum values, economic sustainability is achieved when housing density is 425 

above 15 dw/ha and the property values over 1.875 €/m2 ($2.490/m2)  in Almeria and 426 

Salamanca and over 2.500 €/m2 ($3.320/m2)   in the rest of cities. However, since the average 427 

value for this building type in Spain is around 1.193 €/m2 ($1.584/m2) (Bank of Spain, 2014), 428 

it can be concluded that this building type would not be economically sustainable for this size 429 

of cities except in areas with very high income levels. 430 

Multi-Family developments 431 

As in the previous case, the envelope of expenditure for this building-type is within that of 432 

revenue, with the exception of San Sebastian. For this reason it is theoretically possible to 433 

find economically sustainable urban patterns in multi-family developments. This is reflected 434 

in Figure 5: 435 



 436 

Fig. 5. Per unit area annual incomes and expenses envelopes. Multi-family dwellings 437 

Source: Author 438 

Once dwellings which are unusual size (over 160 m2) are eliminated - housing density (D) of 439 

20 dw/ha with floor area ratio (E) values of 0,50-1,00 m2/m2 and housing density of 40 dw/ha 440 

with floor area ratio of 1,00 m2/m2-,  the combinations of urban variables where it is possible 441 

to reach economic sustainability are as shown in Table 7: 442 

Housing 

Density (D) 

(dw/ha) 

Floor Area Ratio (E) and Property Value (V) combinations 

E1-V1 E1-V2 E1-V3 E2-V1 E2-V2 E2-V3 E3-V1 E3-V2 E3-V3 

20  AL,SA 
AG,GR,AL,

SA,LO 
      

40  AL GR,AL,SA AL 
AG,GR, 

AL,SA 

AG,GR, 

AL,SA, 

MA,LO 

   

60  AL AL AL AL 
AG,GR, 

AL,SA 

GR,AL, 

SA 

AG,GR, 

AL,SA,MA, 

LO 

AG,GR, 

AL, SA,MA, 

LO,LL 

80  AL AL  AL GR,AL GR,AL 
AG,GR, 

AL,SA,LO 

AG,GR, 

AL, SA,MA, 

LO,LL 

AG: ALGECIRAS GR: GRANADA AL: ALMERIA SA: SALAMANCA MA: MATARÓ LO: LOGROÑO LL: LLEIDA SS: S.SEBASTIÁN 

PROPERTY VALUE (V): V1: 1.250 €/m2  V2: 1.875 €/m2  V3: 2.500 €/m2 

FLOOR AREA RATIO (E): E1: 0,35 m2/m2  E2: 0,50 m2/m2  E3: 1,00 m2/m2 

Table 7. Economically sustainable combinations of Housing Density (D), Floor Area Ratio (E)  443 

and Property Values (V). Multi-family dwellings 444 



Source: Author 445 

 446 

For this building type, when the value of the properties is the lowest (1.250 €/m2 or 447 

$1.660/m2), equilibrium between revenues and expenses is possible in Almeria with a 448 

housing density above 40 dw/ha, and in Granada and Salamanca above 60 dw/ha. If the 449 

property value rises to 1.875 €/m2 ($2.490/m2), equilibrium is possible for all the other cities 450 

about 60 dw/ha with exception of Lleida, where property value needs to rise to 2.500 €/m2 451 

($3.320/m2); and San Sebastian, where it cannot be achieved. The average property value for 452 

this building type in Spain in the year 2013 was 1.401 €/m2 ($1.860/m2) (Bank of Spain, 453 

2014) and thus, it follows that under certain conditions, it is possible to find economically 454 

sustainable urban patterns in future developments based on multi-family buildings from a  455 

municipal standpoint. For this sample, the values of housing density necessary to reach 456 

economic sustainability are similar or slightly higher than the average for a city as a whole, as 457 

they range from 34 dw/ha (Algeciras) to 61 dw/ha (Granada and Mataro). Since cities are 458 

ordered in Figures 3,4 and 5 in terms of per capita income - Algeciras being the lowest and 459 

San Sebastian the highest -, the result might show that the higher the income level of the 460 

citizens, the more difficult  it is to find economic sustainability in new urban developments. 461 

Although further study would be necessary, it is possible to state that this results from a wider 462 

level of service in wealthier cities. 463 

Another interesting result that might be obtained from Figure 5, which is that when housing 464 

density increases, operating expenses per unit area rise 19% faster than revenues on average. 465 

For this reason, by using the expressions of expenses and revenues for each city (Table 5), it 466 

is obtained that the equilibrium is lost in the range of 80 dw/ha in Salamanca to 120 dw/ha in 467 

Granada. 468 



The role of urban variables on the municipal cost/revenue balance in Spanish medium-469 

sized cities 470 

The analytical expressions of municipal revenues and expenditures in terms of urban variables 471 

allows for the isolation of  the economic role  each of them plays, which solves a common 472 

shortcoming in this type of studies. Apart from  services "to  people", whose incomes and 473 

revenues  depend exclusively on  housing density, for  public services more closely related to 474 

the territory (services “to property”), each urban variable’s influence is as follows (Table 2): 475 

Floor area ratio (E) 476 

This variable determines 36% of revenues on average, with a maximum of 60% when the 477 

other variables reach their minimum values, and 16% when these values decrease to their 478 

lowest. When its influence is minimal, each floor area 0.1 m2/m2 increment makes revenues 479 

rise by 2%. Still, when its participation is the highest, that increase is between 6-10%. 480 

Property value (V) 481 

This variable’s average level of contribution to municipal incomes in services “to property” is 482 

33%, ranging from 14% to 59%. When its contribution is minimal, in developments based on 483 

isolated single-family buildings, each increase in lot prices of 50 €/m2 ($66/m2) makes 484 

municipal revenues rise about 1%; whereas when its contribution is the highest (multi-family 485 

building type), each increase of 250 €/m2 ($332/m2) in floor values makes incomes rise 7%. 486 

Housing density (D) 487 

Its average contribution in the income side is 31%, with a maximum value of 56% and a 488 

minimum of 12%. When its influence is greater, each increase of 5 dw/ha determines a 27-489 

59% increase in municipal revenues in services “to the property”, depending on the building 490 

type; however, when its contribution is the lowest, revenues grow between 6-11%. For 491 

expenditures, the average contribution is 36%, with a minimum of 9% and a maximum of 492 



75%. In this case, a 5 dw/ha increase rises municipal per unit area expenditures between 7-493 

20% minimum and 20-32% maximum. 494 

Relative length of road (L) 495 

This variable determines  48% of the municipal costs in services “to the property” on average, 496 

with 17% minimum values for  multi-family developments and 79%  maximum  for isolated 497 

single-family dwellings. When this urban variable contributes the most, each 25 m/ha 498 

increment makes expenditure rise by 4%, whereas whenever this contribution is minimal, the 499 

same increase in this variable makes expenditure grow only by 1%. 500 

Relative road area (S) 501 

The average contribution of this variable to municipal expenses in services “to property” is 502 

16%, with a peak of 28% in semi-detached single-family dwellings and a minimum of 7% in 503 

multi-family buildings. The sensitivity of municipal expenses when this variable changes its 504 

value is very low, ranging from a maximum value of 2% to a minimum of 0.4% for each 5%  505 

relative road area increment on the total developed area. 506 

 507 

RESULTS 508 

Apart from the methodology to obtain the analytical expressions for municipal operating costs 509 

and revenues in a future urban development exclusively in terms of its urban basic variables, 510 

the study has shown that municipal revenues in the services closely related to the territory - 511 

water supply, sewage, sanitation, refuse collection, transportation and disposal, public lighting 512 

and parks and roads maintenance -  are influenced by variables such as floor area ratio, the 513 

value of the properties (proxy for the location of the development in the urban context) and  514 

housing density. For the sample of cities analyzed, the contribution of each variable is 36%, 515 

33% and 31% respectively. For municipal spending in those services, also named services “to 516 



the property”, the influence would be 36% for the housing density, 48% for the relative length 517 

of road and 16% for the relative road area on the total developed area. 518 

 519 

DISCUSSION OF RESULTS 520 

With regard to the characteristics an urban development should have to be economically 521 

sustainable - where an economically sustainable development  is defined  as that whose    522 

municipal revenues are sufficient to cover required spending  for the provision of public 523 

services in  the long-term -, the study might show that in the case of medium-sized Spanish 524 

cities, the developments based exclusively on single-family dwellings (neither isolated nor 525 

semi-detached) are not sustainable from the economic point of view. For multi-family 526 

dwellings, results are heavily influenced by the strong contribution of the property tax on 527 

municipal revenues and therefore, by property values; thus, this study shows that with 528 

property values at around 1.250 €/m2 ($1.660/m2) and housing density at around 60 dw/ha 529 

(with minimal road development), it is possible to find economically sustainable urban 530 

patterns in this building type, whereas if property value rises to 1.750 €/m2 ($2.320/m2), 531 

housing density should drop to 40-60 dw/ha depending on the city. Finally, if the value of the 532 

properties rises to 2.500 €/m2 ($3.320/m2),   housing density may drop to 20 dw/ha. Quite an 533 

interesting result is that very high housing density morphologies, above 80-120 dw/ha, are not 534 

economically sustainable, since when this variable increases, per unit area cost does so 19% 535 

faster than revenues on average. 536 

  537 

CONCLUSIONS 538 

This study has mainly contributed to showing how it is possible to obtain the analytical 539 

expression for municipal operating costs and revenues in a new urban development as a 540 

function of its main urban variables, based on the tax burden, household ratios and the unit 541 



operating cost of public services. Since the results obtained are expressed as per unit area 542 

ratios, formulae use is independent from the size of the development and more appropriate 543 

than per capita estimations; after all and in the long term, the municipality manages physical 544 

infrastructures regardless of the degree of occupation of the dwellings. These formulae allow 545 

planners and local authorities not only to assess costs and revenues, but also to analyze the 546 

economic role each urban planning variable plays in the economic sustainability of that urban 547 

area in the early stages of planning drafting, when the main characteristics of the future urban 548 

morphology are being fixed. Of course, this does not mean that planning must be formulated 549 

exclusively in economic terms, but it is desirable that economic sustainability criteria should 550 

be taken into account throughout the decision-making process. 551 

 552 
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