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Abstract

Large cities are usually wealthier, denser in terms of population, more expensive, more
congested but also more productive culturally and technologically. Mexico City is one
of the most dynamic cities of the global economy but also presents the highest crime
and congestion levels on the road network. The socio-metabolic approach interprets cit-
ies as a socio-metabolicsystem that interacts with systems in the natural environment.
Although considerable progress has been made in studying cities as complexadaptive
systems using such approach, many important issues such as social and innovation
dimensions remain unexplored, mainly in Mexico City context. The principal purpose of
this study is to analyze the metabolic scaling of sociccultural and technological aspects
in the context of Mexico City in order to predict the energy necessary to maintain the city
socially connected and to estimate the impact of such social connections on the socio-
economic-environmental indicators. We take into account the total population, the cul -
tural infrastructure, *‘Z1 @ " E’'S+1E " 'Ze'~—d1+'Z1¢> heEobiBf fuek Zaog +’~ —
the minimum income, and the number of patents in the analysis as the agglomeration
Z ZEe.w1’'—1 Z; @Eorsidertthis sfudy can support the design of public policies
using the metabolic approach.

Keywords: urban complex systems, urban economy, urban population, scale

1. Introduction

Large cities are usually wealthier, denser in terms of population, more expensive, more con-
gested but also more productive culturally and technologically. Mexico City is one of the

—"@ele¢—S-—"ELIE *'Zel ele'Z1lee"<Se1ZE ™ —"-¢Cil ¢1'l S’ —
INTECH i 7KH $XWKRU V. /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
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political, economic, and cultural capital. Mexico City also provides the most important access
to markets and clients. One of the main reasons to invest in Mexico City is the capital’s enor-
mous potential to be an active and leading competitor in the new global market. According

to [1], Mexico City recorded 4.1 million workers during 2016, mainly in commerce and pro -
eZee'"—Sedl —S—E’'S*31S—+1E"> I in RspettdiheYrdiivAaklédel the
©eSeZ1>72™s7@Z—eZe1"i[-1701e'Z1 "5"Z5@1 —1E" ——-Z>EZ1S-
corporate services; the gross domestic product (GDP) of Mexico City was 2.9 trillion pesos in
2015, contributing with 16.7% of national GDP; tertiary sector, which includes trade and real
estate services, contributed with 89% of the state’s GDP in 2015. Mexico City has 281 km «
railways. It also has an international airport. Out of 115,695 students with completed studies
from engineering, manufacturing, and construction in Mexico, 13,796 are from Mexico City.

Mexico recorded 27,186 researchers at January 2017; 31.6% of them were in Mexico City. Mc
of the researchers in the state focused on the areas of humanities, as well as medicine ar
health sciences [1].

In contrast, Mexico City presents the highest congestion level on the road network at global
level, causing more than 90% extra travel time for citizens during busy hours [2pi1l ‘Z 1+
E~"—eZ@e'"—1S ZEerle'>ZEeeC¢1 —1'2187Se’e¢1 0le’ o211 74
T —1'—@eZSelTele ' Z1 ™z ELe>S—™ el —Ze H"1ZESZCE
modal transfer centers. Additionally, the general crime rate in Mexico City is above the U.S.
national average, and crime varies widely. Armed robberies, kidnappings, car thefts, credit
card fraud, and various forms of residential/street crime are daily concerns. Thefts of the
vehicle’s operating computer and sound systems are also common crimes.

Due to their inherent complexity, Mexico City problematic cannot be studied using traditional

approaches of science based on the Physics reductionism perspective because this approa
breaks down the problems in their parts, analyzes them taking into account only the most rel -
evant variables and then extrapolates the results to understand their overall behavior. Certainly
'—1e'Z1™Seedl —1VYZ5¢1le™ZE E1E —eZje®dle'Zl ‘¢’ E
S—e1See™ Ze1e™51e52Se1SE"'ZYZ-2—2®1S—ele'Z1E'Z—+" E:
today. However, the reductionist approach is no longer enough to face the challenges of the
21st century. The decision-making of Mexico City government every day face unpredictable
situations that change over time, formed by complex systems of problems. Therefore, it is neces
sary to use modern science tools based on complex systems paradigm whose methodologice
framework is complexity science. The complex systems perspective considers open subsystem
interacting with their environment, non-reversible energy, and information processes, dynamic

®eSeZ®l elZ—e''Z®e1lS—elmezcetoeeZ-wleS>1e>"—1787" "]
case of human and social subsystems 3]. This approach indicates that phenomena are not
©' 721572002217 +1S1ESZ®Z,Z ZE*1E'S'—1"'—1 “"E'1e'Z1>Z®Zs"
with the knowledge of the parts, but rather, that the systems behave in a non-linear way [ 4].
Thus, the complex systems approach supports the development of our skills needed to deal
with problematic and complex situations so that we are able to change them holistically. In the
application of the complex systems approach, the most important feature of study is the emer-
gent properties of complex systems [5] due to a process of self-organization. Such emerging
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properties cannot be determined by analytical methods or models [ 6], but rather by using simu -
lation, an experimental tool essential in modern science.

ee'"7e 1’01’ @10>72721¢'Se1851eS5071—7 <7517 0107 — o' —l7e1!
o> —1e Z5Z—e1 Zeerl e leE'Z—EZ1®zE'1Sel '"«"«¢d1 ‘Cee
— "1™ ZE’ ®Z1e>=-SeleZ —'¢' " —1SEEZ™eZe1<¢1'Z1E Z-
™" MTeSeel1E",Zj'eel’'—1¢Z —' —e1S1E -™eZjlete+Z-1S
—Z—e@1e'SeleZ—7>Se71" —e">—-Se’ " —1S—el ‘"@Z1"™Z5Se " —
'—eZ>57eSe’ " — @171’ @1Z2eZ-7Z—c®d1—Z 1™ "™MZ5¢° 717 51E
scales. To the above, we add that a complex system is increasingly complex as human actior
are explicitly considered.

On the other hand, it is observed that the majority of urban science has not treated cities a:
complex systems [7]; however, methods and models from the complexity science are likely to
C'Zeel’ —p'e'el’—e"175¢S—1@e>72E*2>21S—+1¢—S—"Ecril >~
complex adaptive systems characterized by heterogeneity, interconnectivity, scaling, circu-
lar—causality, and development as follows [8]:

» Heterogeneity: diversity of people and organizations.

* Interconnectivity: everything is connected in networks.

o ESe — ¢ AlE's’Z0el7ele’ Z>Z—ele'£2®1'SYZ1e’ Z5Z—e1™>"
e H>(EZS>/ES7@SeeCA1ESZw0Z1S—e17Z ZE1S>7Z1-"jZ¢i

« Development: cities change in open-ended ways.

As discussed by [9p81 E ¢’ Z1S>7Z1+'7Z1 >aeeleSs>eZ1 " E'Sel—Z+ >
E"eeZEe'"—R1™e1™Z"™e71' —eZSel1e'Z¢1S>71See«+"9|/spSce, time
and infrastructure play a fundamental role in enabling social interactions in allowing them to

become open-ended in terms of increased connectivity, and sustainable from the point of view
TelZ—754¢170Z81®@ZIE'L —+Z>SE " —®1'-™e¢1E el 1 ™Z"
through decentralized networks of infrastructure that are built gradually as the city grows. In

this direction, cities, to realize the full socioeconomic potential, need to expand connectivity
per person and of social inclusions [9]. Rapport [10] states that the bio-physical approach of
eZel ' —e1S—e187S—e’e¢’—e175¢S—1-8¢75'Se1S—e17—75+¢1
¢ 71 Zeol el —ei@e>'SelZE "¢l @l 21 ™57 —S—0] —
‘Seleey —+1E ——ZE+""—0le 1e'Z1 Zeel el —e70>'Se1ZE
—ZeSc"e’@—1"1"—e7@e>’'SeleteeZ-—els'> 7' 1 — IiestudiSodf celian
—Se75'Se1S—e17—75+¢1 ~ 1S57Z17eeZ—170Ze1e"1’e7Z—e’e¢1 S¢
economic performance of an urban area. The socio-metabolic approach interprets the societ
as a socio-metabolic system that interacts with systems in the natural environment. Although
considerable progress has been made in studying cities as complex adaptive systems using th
metabolic approach, many important issues such as social and innovation dimensions remain
unexplored, mainly in Mexico City context. The principal purpose of this study is to analyze

the metabolic scaling of socio-cultural and technological aspects in the context of Mexico City
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in order to predict the energy necessary to maintain the city socially connected and to estimate
the impact of such social connections on the socio-economic-environmental indicators.

‘Z1<TIE I S™eZ51' @l Y e 2ol —e"1 YZ21-S'—1eZE " — @il -
applied to the study of urban complex systems is reviewed. In Section 3, the analysis of the
metabolic scaling of cultural and technological issues in the context of Mexico City is pre-
sented. The energy necessary to maintain the Mexico City connected and its impact on the
socio-economic-environmental indicators is evaluated in Section 4. The concluding remarks
are drawn in Section 5.

2. The socio-metabolic approach

7-S— 10" E'Z2+¢1'S®1«Z22—1-S"—+S'—Z+1EZ7+7>See¢1S—e1c«
of self-referential communication, organized in subsystems of society each with its own
E"eZ®dl “"eZ1'—1'21®ZE " —+1ES®Z1«¢LIS1IE " —s' —7" 71’
environment (social metabolism), and by deliberate interventions into the environment [ 11].
Geddes [12] explained that from the biology perspective, a city can be conceptualized as an
organism, opposed to a mechanical system, made of complex and intricate processes the
keep it alive, in a regional balance where the relation between the city and the surrounding
agricultural economy is symbiotic [13].

The social metabolism is a concept from biology and transferred to the world of relations
between society and nature [14]. The concept of social metabolism has not only proven a use
ful metaphor to stress the biophysical foundation of social systems and their economy, but it
has emerged as a key analytical concept in sustainability science 15]. Associated with the con-
EZ™el 01" E’'Sel1-ZeSc"e’®@-01 Z1 —ele'Z1l—"¢""—17e1l® " E:*
mental changes in socio-economic energy and material use that occur in the course of humai
history; in some cases, such transitions have implied the multiplication of metabolic rates, for
instance, the transition from agrarian toward industrial society, and in other cases, such tran -
sitions have implied the emancipation of the energy systems from land use, for example, the
>S—'e’ " —1>"-1S1®"*S>17Z—Z7>+¢1l@t@eZ-1eS™M™’' o]’ o7
fuel powered energy systems based on the exploitation of large stocks of energy resource
[15]. One interesting study about the potential of the social metabolism approach to study the
industrialization of the agriculture is presented in [ 14]. It provides information about how
o710 "E' ", ZE "¢ ESele>S—@’'e’ T —1"""1™MeSEZ1'—1Se>’ (5]
—S"Z1e'Z1 ™7 —ele'Sel’ —1"—e7@e>'Se1ZE "+ e ¢1S—e1ZE s e
"™ e ESeZel -7 "e@1S—ele"Te@1'SYZ1<Z2Z2Z—12ZYZe"™Z
in socio-economic systems in order to contribute to the design and implementation of more
sustainable types of industrial metabolism.

‘Z1E"—EZ™e1"e175¢S—1-ZinBoduckokbylAbBloa/bimar n the middle sixties
to compare and organism and a city. In his seminal study, Wolman used national data on
water, food, and fuel use, along with production rates of sewage, waste, and air pollutants
e"1eZeZ5—"—7Z1™MZ51ES™ ' «eS1' — ~ 1S—e177e " 1>SeZ®1+"51S1
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urban metabolism is fundamental to developing sustainable cities and communities. In this
direction, cities, like organisms, need energy and resources as inputs to sustain life, which are
processes and ultimately released to the environment as wastes.

5¢S—1-2eS< e’ ®@—-1-S¢1<Z1+Z —Z1Sele'Zlm®z-1+"eSel"s
processes that occur in cities, resulting in growth, production of energy, and elimination
of waste [17]. In [18], an extended concept or urban metabolism is presented where the
—Z+S<e'EL' — " ®1S—e1"7e " ®1S>Z1'e®1EZ—+>Ssle’'-Z—a
processes determining the environmental impacts associated with environmental sources
S—ele’'—"e18Sm®l Ze+1S®172>¢<S—1+>’YZ>50001™S47>—@®dl
'—1S1' 7' ELS™MML,TSE'L VeZ1ZET—"-"EL1S—+1e"E’'S-"
tion, cultural goods, and employment are also covered. In this context, urban metabolism
framework is the process of material exchanges between the city and its natural environ-
—Z—+81 ‘"®Z21720Z1'—VY " eYZele " EZ®' —+1"—1-SeZ5'Sel "
uncover environmental, social, economic, and political aspects of resource distribution in
a holistic way [ 19].

Accordingto Hyman [ 20p 31 —-SeZ>’Sel1 ~ 1857217217 2¢1" —e7Z>YZ—e'"*
S’ —Sce’etil Sceen-21 note thhiZtkdr&isicbgisiderable optimism about the oppor -
tunities that urban metabolic analysis opens for more sustainable and more just cities.

3. Analysis of the metabolic scaling of cultural and technological issues

In this section, we present the analysis of the metabolic scaling of socio-cultural and tech
nological aspects in the context of Mexico City. We use per capita indicators, which on one
‘S— 31 E"— SeZ1¢72—7>Se17 7@2HLSL24S—1£FD "Iyl ‘S—
'— 1" E'SeleeSe e E®LIS—e1l™ ' ECLle T EZ-Z—2@1E-™"e7
international bodies worldwide. Mexico City’s society has been maintained culturally and
"M CE ESee¢1SeT—el-S—¢1'Z—e>Ze@1 e1¢ZSsei1l —1+'Z]
social communication (information) organized in subsystems of society each with its own
E"eZ®0l "eZ81'—1'Z10ZE " —1ES®Z1«¢1S1E " —' —7 7]
environment, and by deliberate interventions into the environment to uncover environmen -
tal, social, economic, and political aspects of resource distribution (seeFigure 1).

EE >’ —e1e" 1«73 basedgn the surveys conducted from 1900 to 2010 as well as ¢
the Intercensal Survey in 2015, Table 1 and Figure 2 show the population growth in Mexico
City from 1900 to 2015. It is important to note that the exponential population growth started
in 1950 and continues in 1970.

Mexico City has a 1000-year-old cultural richness in which various expressions give it its own
cultural identity. In this direction, the Mexican city is an intercultural mosaic of ethnic variet -
"Zel'—1 V"E'lL—e'eZ—"701E —-7—"' 72Ol —e'eZ—"701™Z
">’ — 1" —e75SEe1SeeleTeZe' 2517ZYZ>¢1S¢il ‘Z®Z1le>"Z™el:
cultural practices conform the identity of citizens [ 24]. The cultural heritage of Mexico City
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Figure 1. Conceptual model of Mexico City as a complex adaptive system with metabolic and reproductive subsystems.

Millions of inhabitants Year
0.7 1900
1.2 1930
3.1 1950
6.9 1970
8.2 1990
8.6 2000
8.8 2010
8.9 2015

Table 1. Total population in Mexico City from 1900 to 2015.

'®1>7Z ZEeZel ' —1e'Z1'YZ50'+¢1 e 1S>EZ "« ¢’ ES+d1 " ">"'C
of popular culture, gastronomy, festivities, traditions, and normative systems that coexist in
the same geographical space 24]. According to the Atlas of Mexico’s cultural infrastructure
2010 5], in this year, there were 310 archeological sites in this city, 5 of them open to the
public, and an estimated universe of 7000 historical monuments from the 16th to the 19th
EZ—+7>"20@31S—1IWWBIVIW1 “"E*'l Z>Z1E'S>SEZ>'£Z1<¢1e"
monuments of the 20th and 21st centuries. As for the natural heritage, in Mexico City there
are geographically located 23 natural areas protected by local and national laws and 33 gullies
declared as areas of environmental value 24]. Table 2 shows the cultural infrastructure per
capita in Mexico City in 2010.
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Figure 2. Total population in Mexico City between 1900 and 2015.

Cultural infrastructure Per capita in 2010
Archeological sites 0.0000352
Historical monuments from the 16th to the 19th centuries 0.0008

Historical monuments from the 20th to the 21st centuries 0.0013

Table 2. Cultural infrastructure per capita in Mexico City, 2010.

— 1717 751'S—ed1e'721-72S®i>72-72—*1"e1@ " E’'S.1E"'7Zas
— EH>™ 5 SeZ@l —'ESeTr@le'Sel Ze™1e™1" " 16 71e72YZ 1
population at national, state, and municipal levels, as well as indicators of support networks
S—e1 " E'Se1ZiE'S—eZ71Se1e'Z1@eSeZ1ZY7Z¢i1l ""@1See” «
®7e'eS>’e¢1le'SelZj'ee®@]l’ —1S1 @ E'ZCil "1-72S0eZ>21'Z1¢;
'— 1 E"Z E'Z—+1+'Se1-7ZS®7>Z®1'Z1ZE " —"-"E1' —7282Se"
concentration that exists in the distribution of income among the population. The Gini coef -
E'Z—e1S"Z®@1VYSe72Z®1<Ze 2Z—1V1S—e1WO0L1S1YSez2Z21+'Ss
distribution of income. On the contrary, if the value tends to zero, there are greater conditions
“e1787'e¢1 —1e'Z1e 0>’ <Aable-3 shovs the@wexiebi ity social cohesion values
Zoes'—SeZe1cC1 1¢75>1572721¢Z2S>@Al1W__VAIXVVVILIS—-e1l
©'"—1"—1 Zi"E"1 'e¢1'SeleZE>72S0eZele>"—1e'Z1S0cee1X]1¢:

eee” 758" —17 ZEeel —1 Zi'E"1 '¢¢1S>721-S—'eZ0eeZ81"-
>SYZele' -7l ‘Z—1E " —-™S>7e1¢"1S1e>5271 ~ 1e’'e2S¢’"—81¢

Social cohesion Year
0.536 1990
0.505 2000
0.439 2010

Table 3. Social cohesion in Mexico City [26].



BUEDQ $JJORPHUDWLRQ

"—1e'Z1E el "]l ™MZce'(EDL>S— 0 ™" Figbine 3-stidws” thk <€\idliitioromt tha
E~"—eZee’ " —1eZYZe1l' —1 Zi"E™1 "+C1E " —0e ' *Z>27pMlls D1 7S~
congestion level of 57% in 2010 corresponds to 57% extra travel time for any trip, anywhere
"—1e'7Z1 Zi'E"]1 'e¢d1Se1S—¢1e'—Z1E"-™S>7e¢1e”1 ‘Sel’el ~
"~ "—-1 >S E1 —e+Zjl’el1<SeZe1"—10e™77Ze1-72S0ei>2-7—9c
database. These speed measurements are used to calculate the travel times on individual roa
®Ze—7Z—2®@1S—el1Z—e'5721—7¢ ">"iI1 ¢1 Z'e'e’—e1cS@Ze1"—:
S—el-">71"-™"5eS—e15>"Se@l’'—1e'Z1—2Z¢ ">"1'SYZ1-"521"—
roads. Figure 4 shows the evolution of the congestion level versus the population growth in
Mexico City. In this case, the congestion level suddenly rises as well as population along time.

Analyzing the cost of public transportation relative to the minimum income, we can see in
Figure 51¢‘Sel1e¢‘Z1 >eel‘'SceloezesZ—et1l>'®@Z—1e>"—1XVVI[il —
able to stay socially connected, due to the cost of transportation, leading to expected decrease

Congestion level

06 - \_’—/

v

Congestion level
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Figure 3. Congestion level evolution in Mexico City.
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Figure 4. Congestion level versus population in Mexico City.
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Public transportation cost versus minimum income
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in their socioeconomic production as suggested by [9]. Additionally, in 2013, the cost of public
>SS — @™ >el1>57Z™>707Z—eZe1Se—"0pele'Z1 —1"ele'Z1-—"—"—-7-1".
same year, the cost of Metro represented almost the 8% (seEigure 6).

It is important to note that citizens in Mexico City prefer to use private vehicles for mobility
purposes instead of the public transport networks, such as Metro and Metrobus, because
'Z®Z1—7¢ >"®e1” Z>1S8S1™M 51 eZ>Y' EZ1E"VYZ>5+728151S
vulnerability in terms of connectivity and accessibility [ 2]. The big problem using private
vehicles is the cost of fuel associate (se&igure 7). In general, the sheer distance to everyday
destinations means some families spend 25% of their income on transport so Mexico City’s
greenhouses gas (GHG) emissions by up to 70% and cost USD 2.5 billion (33 billion Mexica
pesos) each year in lost economic productivity [28].

Public transportation cost as percent of minimum income

2005
10

2010

= == 9% Metrobus/Minimum income ssssaee %STC metro/ Minimum income

Figure 6. Public transportation cost as percent of minimum income in Mexico City.
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Patents Year
166 2000
215 2001
206 2002
167 2003
179 2004
212 2005
181 2006
219 2007
219 2008
233 2009
321 2010
308 2011
427 2012
390 2013
337 2014
367 2015

Table4.1 SeZ—eel>72827Z00Z°1¢¢1 Zi’E"1 'e¢1S0el>Ze’'sZ—EZ1 1 21" —YZ—¢">:

As suggested by [28], one solution for this situation is the development of mixed-use areas,
7521 Z1ES—1 —+1'"70@ —+81>Z®*S72>S—e®dleZ>Y' EZ®dlc

so under this scenario if connectivity in Mexico City is increased, the need for private vehi -

cles will be reduced, thus increasing the viability of public transport, walking, and bicycling.
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Figure 8.1 SeZ —e@1>28272072+1Y7Z507201™ " ™7e¢Se’ " _1e5” 1’ —1 Z{"E"1 '« ¢i

Tee” _2ABIWO 1" Z51<Z—27 e@17el1—"iZ,7200721S>72S®e1S>721+'Z10e
interactions among community members: interactions that would not be possible under a
car-centric model, and the saving individuals money on transportation by reducing the length
and number of every day trips and eliminating the need for car ownership. In short, mixed-
use areas support local business.

0'751Seee™ 758" 17 ZE+1l —1 Zi’E"1 'e¢1° 1-S—"eZeZ>
rates of socioeconomic activities, such as innovation R2]. One dimension of technological
aspects in Mexico City is the number of patents [29]. Table 4 shows the evolution in the
—72—<Z>17e1™SeZ —e®@1>287Z@eZ+1<¢1 Zi’"E"1 's¢1Scel>Ze -z
Figure 8102~ ele‘Z1>Z¢Se’"—"" ™1cZe 77—1'Z1™Se7 —eel>7Z:
“ele'Z1 —YZ—e">1S—ele'Z1™ ™MFZeSe'" 1657 o' 1e 5157271 Z
observe that as increase in in population size corresponds to an increase in the number ¢
™Se7 —e@l>Z87702e70

4. The energy necessary to maintain the Mexico City connected

In this section, we present the estimation of energy necessary to maintain the city con
nected as well as the impact of social connections on the socio-economic-environmente
"— e’ ESe>eil Z17wZ1'Z1SeS1e>"-1 1 « " «30pidcS>
period 1999-2004, transport was the highest consumer of energy in Mexico City followed
by industry and residential and commercial buildings (see Figure 9).

Residential buildings include all energy used for activities by households, except for
transport. Industry includes a combination of all industrial sub-sectors, such as mining
S—e1387S55¢" —e81'>"—1S—e1@®@eZZ2+81S—+1E —@e>2E+""—
is not included, but is reported under transportation. Transport includes all fuels used in
>"SelYZ "EeZ®e1S—e1l—"—,5"Sele5S—@™ 5ei1l —1+'7Z1 >l
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Figure 9.1 —Z>¢¢1E " —o0eZ-™e¢'"—1'—1 Zi"E"1 '¢¢81S31530}1YS> "2l 2>EZm

industrial highway use are included. The second case includes transport in the industry

sector and covers railways, air, internal navigation, fuel used for transport of minerals

<Gl ™' ™MZe 718 —e1—"— @®@M™MZE’ Zeles>S—@™™5eil —1XVV
o' " —1eZ—e7Z—EC¢1'—1 Zi’E"1 ’e¢1 S®el1-S“"»>1+'S—1W_VV
transport, public lighting, and water pumping (see Figure 10). Demand for water has dou-
bled every 20 years, at a rate exceeding that of population growth suggesting that losses
increased connections to the water supply network and increased per capita consumption
all play a part [32pi1 EE ">+’ — 1 33|, t&meétiidmand for water, Mexico City has
to withdraw water from ever more distant sources, often over 100 km away. This situation

imposes a considerable energy cost on the system: at 4.5 kWh/rf) water transported from a
'eeS—EZ172072®1Se—"®*1XV1e'-Z®1le'Z1S-"7—e1"e172—27>
the city [32].

Figure 10.1 —Z>¢¢1E" —@Z-™e'"—1™Z7,1ES™ 'eS1'—1 Z{"E"1 ’'¢¢31>S— 8T} ">817
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5. Concluding remarks

The principal purpose of this study was to analyze the metabolic scaling of socio-cultural and
technological aspects in the context of Mexico City in order to predict the energy necessary tc
maintain the city socially connected and to estimate the impact of such social connections or
21" E T, ZE —"—E,Z—Y > ——Z—+Se1l’— ¢ ES>@il eee” 7>
©Z00*Z+81S®1S—1"—E>Z2S0eZ1'—1™M " ™7eSe’”" _§1"—1"YZ>Seel
ation, in the cost of public transportation, in the number of patents, in the demand for water,
and as a decrease in social cohesion. We observed that the exponential population growth ir
Zi'E"1 'e¢leeSs>eZel’ —1W [VIS—elE " —e' —77Z@1 —1W_]Vi-
—SeZelct1 1¢751¢>271¢72S>0A1W__V31IXVVVAILIS—e1XVWV
"'—1 Zi’E"1 'e¢1eZE>72SeZele>"—1¢'Z1S0ee1X]1¢Z2S>081 o1
the sheer distance to everyday destinations means some families spend 25% of their income o
transport. Demand for water has doubled every 20 years, at a rate exceeding that of population
growth. All these socio-economic outputs of Mexico City are proportional to the number of
social interactions realized per unit time. Mexico City to realize the full socioeconomic poten -
tial need to expand connectivity per person and of social inclusions but the big problem is that
such connectivity is supported in many cases by transport causing high congestion levels. We
consider that an initiative to expand the connectivity in Mexico City need to be based in the use
of the Information and Communication Technologies (ICT's) and updating the use areas from
non-mixed-use to the mixed-use approach in order to favor the social interactions.
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