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Densurbam is an online model that responds 
to one of the most significant challenges 
facing cities and metropolitan areas: how 
to define the urban carrying capacity 
of a territory to ensure its ecological, 
social, and economic sustainability. 

The accelerated urbanization process on a global scale 
has been possible thanks to cities overcoming their res-
trictions on access to natural resources that are funda-

pport them, with consequences such as the degradation 
of soils suitable for food production and the urbanization 
of 56% of the water recharge zone. 

Given this demographic expansion in the Va-
lle de Aburrá, the Center for Urban and Environmen-
tal Studies (Urbam) of the Eafit University asked two 
questions: do the municipalities recognize this pheno-
menon’s impact on their territory and the regional en-
vironmental system that supports them? And can the 
effect of joint and coordinated planning increase the 

mental to their development, such as water and food. 
However, this phenomenon, explained by growing in-
dustrial production and global trade, has led urban life 
to become disconnected from the true origin of these re-
sources and a supply that is not infinite. 

This dilemma is faced by metropolitan areas 
such as the Valle de Aburrá, a territory located in the 
central zone of Colombia’s Andes Mountain range. This 
region’s accelerated growth of Urban settlements has led 
to the loss and fragmentation of the ecosystems that su-

territory’s carrying capacity? Based on these questions, 
he designed Densurbam1 : a mathematical model of an-
ticipation that allows to simulate multiple futures in an 
agile way and to define sustainable growth scenarios2 
. The tool understands the territory based on units of 
analysis, such as regions, cities, neighborhoods, or vi-
llages, and works through a flexible, open-data IT pla-
tform. Thus, planners, and citizens in general, have a 
mechanism to establish the limits of sustainable grow-
th of a city or region (Universidad Eafit, n.d.).
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LIEBIG’S LAW OF THE MINIMUM 
AND BARREL ANALOGY

Source: 

Urbam EAFIT (2018) based 

on Liebig (1840).
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VARIABLES OF THE 
DENSURBAM MODEL 
ARE GROUPED IN 
THREE CATEGORIES
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GROWTH LIMITS AND SUPPORT CAPABILITIES

Specifically, Densurbam defines 54 variables grouped 
into the following three categories (or parameters): the 
supply of resources, the health and resilience of the 
ecosystems that provide them, and the cultural beha-
viors of society that describe how it uses them. The mo-
del was built from quantitative data and causally con-
nected multidisciplinary indicators, which explain the 
implications of planning on the sustainability of the te-
rritory and its carrying capacity. 

To recognize the factors limiting the bearing ca-
pacity, Densurbam uses the Liebig barrel concept. Thus, 
the support ratio index (SRI), i.e., the ratio between re-
source supply and demand, is obtained by considering 
all the variables that make up the barrel, i.e., the area 
to be analyzed. After this evaluation, the model gets an 
indicator that specifies whether the region has the ca-
pacities it requires for its operation, whether it is on the 
threshold of sustainability or whether it needs to impro-
ve its capacities because its current or future situation is 
unsustainable.

BIODIVERSITY AS A CRITICAL FACTOR

The scenarios that Densurbam proposes for the terri-
tory’s carrying capacity in the face of phenomena such 
as the loss of natural cover and climate change point to 
the importance of geobiodiversity and biodiversity in 
the current and future sustainability of the territory. For 
example, the model makes it possible to analyze the re-
lationship between aquifer recharge zone areas and the 
minimum recharge zone areas of green spaces where 
rainwater infiltration occurs. This shows that the most 
significant urban center, Medellín, has significantly re-
duced the possibility of using groundwater as an essen-
tial resource and increasing its susceptibility to flooding 
and other phenomena associated with the alteration of 
its water dynamics. The model has also identified the 
reduction of natural land cover throughout the Valle de 
Aburrá and its effect on landscape fragmentation and 
connectivity.

Other analyses in this model show the direct re-
lationship of urban growth with land use dynamics and 
the application of specific planning instruments. This 
shows, for example, that the vegetation cover of the te-
rritory was dramatically reduced with the approval of a 
land-use plan, even though it recognized a main ecolo-
gical structure as a determinant of land-use planning. 
An additional example is offered by Envigado, where 
this tool was applied in 2017 to propose two scenarios: a 
trend scenario and a desired scenario for 2030. Among 

the main challenges to achieve the desired future, or in 
other words, to live better, are the replacement and plan-
ting of trees, the improvement of infrastructure for was-
tewater discharge, and the increase of retirement spaces 
for the elderly, among others (Amaya, 2018).

KEY LESSONS

Densurbam is a fundamental tool to orient and rai-
se awareness: on the one hand, within the deci-

sion-makers on the implications of the various develop-
ment plans on the carrying capacity limits of the territory; 
and on the other, within citizens on the close links be-
tween their demands for well-being and the capacity of the 
territory, ecosystems, and biodiversity to respond to them.

T he model represents an important innovation that 
can change how the planning of territories under 

urbanization processes is carried out. In this sense, it is 
a planning tool. For example, Densurbam addresses hu-
man land occupation densities based on how many peo-

ple can occupy the space according to their demand for 
human and natural resources and the territory’s capaci-
ty to provide them, as opposed to the standard calcula-
tion of the number of dwellings or buildings per hectare.

Another critical aspect of the model is the explicit in-
corporation of aspects directly linked to biodiversity. 

In the case of the Valle de Aburrá, this is evident in the im-
portance of the main ecological structure and the coverage 
of urban green areas in the support capacity of the territory 
due to their role as aquifer recharge and infiltration soils. 

ANALYSIS OF EFFECTIVE PUBLIC SPACE 
SUPPLY IN RELATION TO POPULATION 
GROWTH IN THE VALLE DE ABURRÁ
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In this case, the Densurbam analyzes the sup-
ply of Effective Public Space (EPE in Spanish) by 
taking the 10 m2 per inhabitant recommended 
by the United Nations and adopted in various 
urban policy instruments in Colombia as a ref-
erence indicator. According to Colombian reg-
ulations, EPE includes permanent public space 
made up of green areas, parks, and squares. 
Green public spaces play a key role in main-
taining biodiversity, servicing ecosystems, and 
mitigating effects derived from climate change 
(Breuste et al., 2013). 

Here, Densurbam is modeling the relationship 
between population growth and the behavior of 
the EPE from 2017 to 2050, even taking into ac-
count the development of regional public space 
projects such as Parques del Río and Parque de 
Los Meandros. Thanks to this analysis, it is pos-
sible to identify a deficit in EPE of 69%. Likewise, 
according to population growth trends and on-
going regional projects, it is expected to reach 
71% by 2030.

Variable of analysis: Effective Public Space (m2 / inhab)
Unit of analysis: Valle de Aburrá
Population: 3,893,684
Population density in 2017 (number of 
people / residential unit): 3.11
Value of reference: 10.00
Uncertainty Coefficient: 0.005
Factor of Security for Sustainability: 0.025
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Deficit of effective 
public space  
(m2 / inhab)

Reference 
level for 
sustainability

Value of 
reference

3,1 3,2 3,23,1 3,1 3,1 3,1
3,0 3,0 3,0 2,9 2,9 2,92,9 2,9 2,9 2,9 2,8 2,8 2,82,8 2,8 2,8 2,7 2,7 2,7 2,7 2,72,7 2,7 2,7 2,7 2,7

Source: Densurbam, EAFIT University.




