rs, while left in great disarray
ars of abandonment, can serve
luable model for economic re-
pment. This is an approach that
renewable energy and green-
actices for future redevelop-
ind creates jobs for residents

r aging commercial corridors.

h civic engagement and lea-

), this model is working in the
 district.

s of the transformation of the beltline’s
tructure shot by Elke Eichmann

g the mobile workshop as part of
afargeHolcim Forum in Detroit, April

).

e p. 318: https://whatgoodcrafts.
press.com
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The Mechanics of Invisibility:

On Habit and Routine as
Elements of Infrastructure

paul N. Edwards

Infrastructure is rendered invisible

1NTrastruCiulic 1o 1ol o2

through familiarity. From transit

to the toilet, Paul N. Edwards shows

how the invisibility of infrastructure

also contributes -to the persistence
of injustice long after a change in
governance through the example of
post-Apartheid South Africa.

Infrastructures are often said to be
‘invisible” or “transparent,’ in the
sense that they typically recede into
the background of everyday life.
Because mature infrastructures “just
work," they almost never enter our
consciousness. (When was the last
time you thought much about your
municipal sewage treatment plant, or
the sewers that connect you to it?)
Whe.n they fail—with consequences
fanging from minor inconvenience to
nationa| catastrophe—maps, manuals,
and how-things-work sites sprout like
digital mushrooms on the Internet.
thZCe the_crisis passes, we forget

M again. The lights come on, the
::fes hold, the toilet flushes away
wav:aSte' and cute animal videos

reely on the Internet. We go
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back to living in and on infrastructures
we rarely notice.

When you read the preced-
ing paragraph, some of you—most
likely from prosperous parts of the
Global North—probably nodded
to yourselves: “Yes, it happens like
that" Others—most likely from the
Global South, or poor areas of the
North—thought, instead: “Not in my
world”” For the majority of people, a
lot of infrastructure never becomes
transparent. Electricity goes on and
off randomly, or is only available at

specified hours. Water in the pipes (if &

they exist) isn't reliably clean or free
of poisons. Absent a sewer system,
human waste can't be flushed away,
but only bagged, buried, or left to

dry. Internet access is too expensive
or completely unavailable, as well

as useless for most day-to-day con-
cerns. So the infrastructural transpar-
ency that concerns me here is a state
of privilege, one that remains nonexis-
tent or merely aspirational for billions
of people. Acknowledging this limited
perspective, it's still worth asking: Ex-
actly how does infrastructure become
transparent to users? What are the
mechanics of its invisibility?

Socio-technical Systems and
Individual Behavior

Most infrastructures can be character- §
ized as complex, adaptive socio-tech- |

nical systems, made up of many inter-

acting agents and components. Some §

of these components are technologi-
cal: buildings, devices, software, and
other artifacts. Others may be social:
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standards, laws, bud-

| arrangements. Flnally,
some components are the lndlwtcliJLrJ;l:
who contribute to thg infrastruc
development and m.alptenapc;. .:)r
simply make use of it in their daily
I|vegver time and in differing circum-
stances, relationships among these
elements often shift. One typlf:al. ;
trajectory reduces the role of |qd|v1du-
al action (choices, skills, behavior) by
replacing it with social mechanisms
such as organizations, laws, and stan-
dards, and/or technological elements
such as sensors and software. Yet it is
equally possible, and sometimes de-
sirable, to move in the other direction,
replacing social and/or technological
mechanisms with individual choice and
action.'

Consider just one aspect of the au-
tomobile-roadway-fuel infrastructure:
the speed limit. What socio-technical
configurations create and support this
limit? Normally, speed limits are set by
law, in a process that involves legis-
latures, traffic engineers, and stan-
dards, but there are other aspects as
well. The car's top speed is of course
restricted by technical characteristics
of its drivetrain, but since top speed
18 typically much higher than the legal

speed limit, it's not really a constraint.
Alrbags and other safety technology
can raise the threshold of socially or
f:(i:lc_ally réasonable speeds. The
alsomfal characteristics of roadways
mudg a()jl‘a role. A deeply pitted, wet,
dors )’I M road can slow drivers to
Wl hile the radiys and banking

f
o2 highway curve sets a higher but
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getS, or politlca

L EERRR———

equally absolute limjt. Li
governing traffic accide
fluences the cost of gy
ance. The latter often r;

ability lav
NS in tyey
Omobjlg i

e
> : h Ses dr n?ur\
ly if drivers receive multip Aticg).

tickets, with significantt;flf: ;F;eeding
sequent driver behavior, The On syp.
limit may be enforced by trafﬁ(feeq
(human individuals) using ra darpohce
and police cars (technology) baguns
by the authority of the legal S’YSt :ked
(social)—but in some jUfiSdictiOn:‘
police officers have been partia]| .0
entirely replaced by automatic cgm_r
eras and sophisticated software that
photograph speeding cars, read their
license numbers, and send out notices
of violation, all with virtually no human
or organizational participation.

In this example, the effects of dif-
ferent socio-technical configurations
on driver behavior are striking. With
enforcement by police officers, actual
average driving speeds are typically
10 to 30 percent above legal limits,
but in countries where automatic
traffic cameras are widely dep_oned,
such as France and South Africa,
most drivers have adapted to keepd
within the legal limit. A trafflc-_ca::“‘"g
technique successfully use{i Iy t"etraf_
Netherlands involves removing @ :
fic controls from intersectior_Is,:“yie
the logic that lacking stop SlngiI‘I oay
signs, or traffic lights, df'Vers diate st
greater attention to the imme speed
uation.? In the United Kingdc-)m’P 7
bumps are known as "SIGepmgaptures
licemen” a name that clearl);ocrcers
how they replace human er;actt at
with lumps of asphalt. The raffic [awW®
human drivers rarely follo¥

L g

to the letter ha_s receptly be_;en under-
scored by accidents involving Google
self-driving cars, Wh.ICh do follow laws
to the letter—behavior unexpected by
human drivers.®

Hiding in Plain Sight

One major mechanism of infrastructur-
al transparency is obvious: we deliber-
ately hide it. Wallboard conceals elec-
trical wiring, plumbing, and gas lines.
Cellular telephone transceivers peek
out from the leaves of fake palm trees.
In office buildings, routers, Internet
servers, and telephone switches are
relegated to closets, while Ethernet
cabling snakes unobtrusively through
drop ceilings. A lot of infrastructure is
literally buried: natural gas lines, sewer
systems, subway trains and stations,
underground parking garages, storm-
water drainage systems, and cables
for television, telephone, and electric
power.

A second way that infrastructures
become invisible is through the per-
ceptual mechanism of habituation.
Human attention naturally focuses
on what changes, rather than what
remains constant, in any situation.
Whether natural or human-made, ele-
ments of the environment that remain
stable tend to disappear from our
awareness. You notice the refrigera-
tor's hum when it starts up, but after a
few seconds it fades entirely from your
ansciousness—until it stops and you
briefly notice it again.

Infrastructure also becomes trans-
iparent in another, less obvious way:

€comes embedded in the habits
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b to o R
acetiously call “infra- |

strLfcturation” (punning on Giddens's

notion of “structuration”), infrastructur.

both.shapes and is recreated by the

continual performances or rehearsals :

of agents.* In addition to their skill in

piloting their own cars and reacting

appropriately to traffic signals and ‘

signs, drivers' reactions become finelyl

attuned to minute signals from oth-

er vehicles that express the driver’s

state of mind: hesitation, drunken or

distracted weaving, timidity, aggres-

siveness. Experienced motorists can

drive safely while conducting complex

conversations or listening to music,

traveling for long periods with little or

no conscious awareness of what they

are doing. These habits and skills, ac-

quired through frequent and ongoing

practice, play vital roles in the smooth ‘

functioning of virtually all infrastruc- ‘

tures.® At the same time, they shape

the infrastructure itself, governing, for

example, what counts as a safe speed,

and other norms of driving.

Encounters with unfamiliar ver-
sions of infrastructure are part of what
makes foreign travel both so interest-
ing and so exhausting. Deeply en-
trenched habits must be deliberately,
and with effort, suppressed in favor
of (first) slow, cautious, conscious
decision-making and (later, as they
become ingrained) new habits.® Take
driving on the “other” side of the road
(whichever that may be for you). | lived
in South Africa in 2003 and 2004,
driving on the left-hand s_ide (the op- |
posite of my nativg American pattern).
By the time | left, it had become so




|

body spe off In ' :
f:nrzeEver);/body who's made this treLnS
sitio;m knows that the most dangero

moments lie not in the new sﬂuat;(:?,
hose strangeness makles you ne
Wous and alert. Instead, it's returning to
;Our old situation, where you relax t‘t)o
quickly, expecting your old reflexes t0
rEt#Lné social analogues of individual
habits and skills are social norms and
organizational routines.” These, toO,
are ways of black-boxing action palt-
terns that may once have been delib-
erately chosen or designed. Norms
and routines reduce the burden of
decision-making and limit uncertainty
in interactions by providing ready-
made scripts. In the case of infra-
structure, they do more than this; they
become, in a sense, components of
infrastructure, elements of its func-
tion on which users, maintainers, and
_builders can all tacitly rely. An intrigu-
Ing example of this is how the habit of
'i‘:‘?(; gt'hnght-lane driving carries over
ter contexts, becoming a social
?form Im informal rights-of-way as well.
ot scescending a staicase and
do you m: oo Coming up, which way
it Ve? In the United States
it's to the nght but i 3
» DUt in South Africa,

the Uniteq k;
to the left, Y(;:gdom' or Australia, it's

et in your Ia i

were, ne, as it
Unma;li?;: SaMe goes for sidewalks
Virtually an;')zrtt:ng 115, queues, and

| : er public :

uasi- : Space.

hiaSatomaic betayigy . This
estation of g i1 ris a mani-

} frastructural standard
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that exists as law on the road, by
equally as social norm and inf,iivid
habit in other rights-of-way, &

Another simple example s ¢
dard placement of light switch
American buildings, these are usuall

i 3 Y

at approximately the elbow height of
an average man. An architect frieng
of mine designed several of hig own
houses with light switches placeq
instead, about sixteen inches Iowér_
When | asked him why, he replied:
“Because that’s where your hand jg?
Fair enough—but because most byi|g-
ings use the elbow-height standard,
when | spent a few weeks in two of
his houses, | found myself constantly
fumbling for the switches in the wrong
place. The standard height, by con-
trast, permits the habit of flicking the
switch to transfer among most build-
ings—functioning effectively as a com-
ponent of the infrastructure's operation
and a mechanism of its transparency.

he Stan_
€s. In

Apartheid as Infrastructure

South Africa, where | lived with my
family for thirteen months from, pro-
vides a striking illustration of how the
mechanics of invisibility aid in the p
persistence of social norms, [aW: s
standards. During the apartheld e;?a|
(1948-1994), South Africa’s cén -
government was controlled by 'avL
minority determined to Subordman
and control the people of .Cowrk;)or it
whose criminally inexpensive 2 vast
mainly relied. SuppOf‘ted by ?h-e
wealth of its white-owned mmmg
industry, that government .greWew
erful in large part by building 2

v

[
4 |

infrastructures. Apartheid ideology
romoted “separate development”
aths for the various races and ethnic
groups, O major infrastructures were
built or improved ch|eﬂ¥ to benefit the
white population. In white-run cities
and towns, government departments
and government-owned ‘parastatal”
corporations constructed superhigh-
ways, railroad lines, water §upply
systems, electric power grids, a tele-
phone system, television networks,
and all the other apparatuses of
developed societies. These projects
helped apartheid leaders to construct
an image of South Africa as part of
“the West, holding the line against
African communist insurgencies as
a key Cold War partner of the Unit-
ed States and the United Kingdom.®
Meanwhile, black townships and
rural areas, especially the so-called
homelands, fell far behind—not only
because the government invested far
less money in those areas, but also
because it chose much lower quality
stgndards and focused on different
things: housing, schools, and health
services, rather than transportation,
eIe‘ctrification, and communication.
_“Separate development” meant
different yet intricately interconnected
and overlapping infrastructures for
blacks and whites. As in the segre-
g:ted America_m South, laws required
< Fi’:"att_% public facilities for blacks and
areaes’ Ir)cludmg bathrooms, waiting
Words, railway cars, and buseg. In other
VirtuaTl, the archltectgral principles of
A WY all South Afrl|c_:an mfrastruc-
S :re technopolitical:® just as
€gregated American South,

331

many infrastructures were deliberately
designed to enforce, perpetuate, and
strengthen the separation of racial
groups. Yet these infrastructures also
had to facilitate the massive daily
movement of black labor into (and out
of) white spaces.

The inherent contradiction between
these two aims often forced sec-
ondary elaborations of infrastructure.
In the 1960s, blacks living close to
Johannesburg were forcibly reset-
tled in the South Western Townships
(known today as Soweto), about
fifteen kilometers from the city center. |
Public buses and a railway line pro-
vided commuter transport to inner-city |
workplaces. (In the late 1960s, with ©
the advent of “bullet trains” in Japan,
apartheid planners fantasized about
moving black workers to “homelands”
hundreds of kilometers from the city,
linked to white urban areas by high-
speed commuter rail. Planning went
quite far before the South African
railway services nixed the idea on the
basis of cost and practicality.) The
inadequate speed and capacity of |
“their" transport system forced Sowe- §
to-based workers to spend up to five
or six hours commuting each day.
Walking the fifteen kilometers (over
nine miles) to work was often the
fastest way to get there. Meanwhile,
whites-only buses and train cars often
rode empty.

Demolishing apartheid'’s politico-le-
gal context was easy and fast com-
pared with eliminating these infrastruc-
tural forms of segregation. To this day,
city neighborhoods and townships
remain strongly identified with partic-




ite
lar racial groups: ThOUQh a fe‘l’;’k‘gh
ople have moved into are:—:‘e_:tes -
gzweto, for the mos;( pa:jtav:g; e
reas as t00 :
g:trgr.b ‘:’icekiraony, of course, i that mll;s
lions of black people enter thljt'fj arrc]ader
on a daily basis—just as t.hey idu e
apartheid—to sewicg the!r homes 3
gardens, care for their children, an

staff their businesses:

" ) i

Fig. 1: Rubbish piles up next to
chemical toilets in the township of
Dunoon in Cape Town during April
2009 as a row over who will get jobs
in a new Cape Town waste removal
tender remains unresolved.

Public Transportation

South Africa's public transport Sys-

:ﬁmg, t00, remain racially coded. When
€ influx contro [aws preventing

:Ik?;li(sshfrorp living in white areas were
edin 1985, poor black people

Poured intg ¢ ior cit! .
Publi he major cities. Existing

b Bow‘sport couldn't handle the
= d:lg to Pressure, the gov-
o regulated tayj services in

' 41 hundreds of
€gan acQuiring fifteen ack Chortors

~Seat minibus-
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w

es. The “kombi taxi” or Minibus ta,:
industry rapidly mushroomeq int
country’s single largest blaCk~o\: the
business sector, with revenues 0?ed
R39.8 billion (about $3.7 billion)
estimated 250,000 vehicles by 28!1 an
It plays a huge role in the lives of u1 ;
poor people, not only by proy; s fban
transport but thr.o'ugh knock-on ooy
nomic oppodunltlgs, such as vehiglg
maintenance services and the strget
markets _that Spring up around tayj
ranks (pickup points). The minibus ta
system operates in parallel with mych
more expensive radio taxis (cars) of
the type more familiar to Americans or
Europeans; most of the faces emerg-
ing from these vehicles are white.

The kombi taxis are typically Toyota
vans with three or four bench seats.
They are designed for a maximum
of fifteen passengers, but it is not
uncommon to see twenty or more
people crammed into a single vehi-
cle. These vehicles account for some
65 percent of all passenger travel in
South Africa—yet it is rare to see d
white face inside one. The system €
tends to most of the country, not oy
within cities but even on long-hat! :
intercity routes such as JohaﬂneS:’u g
to Cape Town (about 1,400 km)-11 0
rural areas, there is a similar Y St(tarr:vel
“bakkie taxis” (pickup trucks) for 5
on dirt roads too rough for the ™
bus suspensions.

Driving in Johannesburg 0n®
ing with my radio tuned to @ p(; asa
talk show, | listened in disbelie! 22
outraged white caller railed agaf goo
South Africa’s suppOSed ag nind
public transport. The well-mea

morn-
pular

saller expre§seq, }kanowingly, the
habitua| racial c.ilwsuo.n surround-
ing transportation. I? is true that the
minibus taxis are privately .0\.Nned, and
they do have limits; few minibus taxis,
for example, operate after around
7:00 p.m. Furthermore, they can be
dangerous, and not only because of
overloading and risky driving. Ter-
ritorial “taxi wars” over access to
passenger loading zones e?(tend to
gunfights and murders; while we were
there, taxi drivers fought half a doz-
en pitched battles in various parts of
Durban, sometimes in the midst of
crowded commute-hour taxi ranks.
To stem the violence, the government
has engaged in efforts to regain reg-
ulatory control, as well as to “re-
capitalize” the aging and increasingly
dangerous taxi fleet. Though initiated
in 1999, these efforts still have not
fully succeeded in their goal of bring-
ing the minibus taxi system into the
formal economy as a mainline public
transport service.!!

Still, they operate more cheaply
and efficiently than many American or
E‘F?Pean public transit systems. The
Minibuses nearly always travel filled
10 capacity (or beyond). In 2004, the
city of Johannesburg, its roadways
Choke_d by rush-hour traffic, began
debatl_ng construction of new subway
and rail lines. Yet if all the commuters
" their private cars would hop into
nmel;:(?us taxis instead, Joburg wouldn't
5 them. Like infrastructure plan-'
T 1?Verywhere,.those in South Africa
. S 1ind that their greatest challenges

Ny a .
Olve unseating entrenched habits
Nd norms,
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e
The Apartheid Toilet

The physical architecture of apartheid
extended into private spaces as well
as public infrastructure, Separate,
outdgor bathrooms for nonwhite do-
mestic workers were a typical feature
of housing built for well-to-do whites
.throughout the period. When we lived
in Durban in 2003-4, our house had
one of these, in a filthy spot behind
the garage, next to the garbage cans.

Fig. 2: The City of Cape Town's
installation of toilets without
enclosures in the area of Makhaza,
Khayelitsha, as part of service delivery,
stirred violent protests in May 2010
over issues of dignity following the
African National Congress Youth
League's complaints to the South
African Human Rights Commission.
The City claimed residents agreed
more toilets could be provided with
the available budget if they took on the
responsibility of completing their own
structures around the toilets.

It was a flush toilet without a seat,
with a shower directly in front of it,
so that you would be staring into the
toilet bowl while showering. It had no




ny other enclosure, tho.Lé%h

| privacy Was prov!
between the garage |
f the compound. When
d this a few weeks after
ht it was abandoned.
hed to learn that

our housekeeper Henrietja had been
using it throughout the S|xt.e§n years
she had worked in that building under
various owners. Henrietta was equally
shocked when we asked her to p[ease
use the bathroom inside. Old habits
die hard: it took her a few weeks to
take us at our word.

roof or & )
some minima
by its position
and the wall 0
first discovere
arriving, | thoug‘
We were astonis

Fig. 3: An informal settlement

re§ident uses the water tap outside
tonlgts which are locked by certain
residents, Calls for the ward councillor

to resolve the situa

i tion ha
lanored, ve been

We
ssscth‘nvlg;rned that this €xpectation

o 2{ Bel_y accepted. At an ex-

‘ Johannesb PR Lol nen

' ol urg, the yvhite Owner—a

B N journalist, Now deceased—
i Y and pstentatious|y dropped
s s 1°aNS Would cal| her

edentials? Such as a pr.
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| T
inently placed picture of herg
Nelson Mandela. She herses
indoor toilet near the sittin
her black staff were requirgdrc:gr: 1
the apartheid-era outdoor toilet Ssr?
gruffly ordered our black na\nny'\foe
whom we had rented a room, at fullr
price, for a week—to use that toilet
as well, though it was wintertime and
quite cold. Separate facilities ike thes
cannot enforce racial segregation by i
themselves, but combined with deep-
ly ingrained habits and norms, they
helped it to persist.

elf With
useq th o

Toilet Wars

In 2009, Cape Town erected mod-
ern porcelain flush toilets in Makhaza,
an informal settlement in the larger
Khayelitsha suburb that houses some
400,000 mostly black South Africans
(primarily of the Xhosa ethnicity). Prior
to that, residents of Makhaza had
employed the so-called flying tqilet or
bucket system: defecating or urinating
into plastic bags or buckets, then hurt
ing the waste into a nearby Wf’t'a”d' £
The flush toilets were a huge impro¥e
ment, except for one thing: S0Me f;-y
of them remained completely une? ht
closed, sitting on concrete pads ¢
out in the open. ‘ itu-

The backstory of this biza™® s i
ation is complicated. In Makh_aza;'a"e
Cape Town government had IZS from
one toilet per family, an up9"@ ‘thor
the national standard of oné tOItiIe'
every five families in inform?I g e d
ments. In return, the counci eXplosure‘"’
residents to build their own " t-sha’”
for these toilets, in a kind of c0°

ing arrange.mc.ant. Most _agreed, and
residents did in fact bund. enc!osures
for 1,266 of the 1,316 toilets installed.
However, some citizens of Makhaza
claimed they could not afford to pay for
the enclosures. A long, complex, most-
ly local political battle ensued, widely
known as the “Cape Town toilet wars"”
lts details need not concern us here;
the upshot was that for several years,
Makhaza had about fifty modern flush
toilets without enclosures. To maintain
some shred of dignity, residents cov-
ered themselves with blankets while
sitting on the exposed toilets.

Here, my point is simply to empha-
size how much infrastructure incor-
porates and depends on habits and
norms. As Steve Robins has pointed
out'?, published photos of the “an-
ti-dignity toilets” in Makhaza struck a
nerve, outraging many residents—de-
spite the fact that for many years pre-
viously, open defecation and urination
had been the habit and norm in exactly
the same area. The stark imagery of the
exposed white porcelain toilet beside a
residential street, in a crowded neigh-
borhood with people walking by, had
an almost pornographic character. Lit-
;:ally Strippe'd of its normal enclosure,

© naked toilet effectively revealed the
gzrm of open defecation, forcing resi-
bePc:S to do it even more publicly than
invisirsl' This tran'sformelad' the norm fljom
. e necegsﬁy to visible obscenity,
erstongdthe dignity of people who un-
5 noto that flush t0|lgts and sewers
Bk merely waste-dlgposal te.ch-
9y, but part of a socio-technical

gackage that includes more stringent
Orms of privacy.

335

to South Africa; it's everywhere. Hav-

In the South African context, the
naked toilet stood as a symbol of
ongoing inequality and incomplete
infrastructure: graffiti posted nearby
read: “Give us houses, not toilets’
Robins and others interpret this to
mean that residents wanted houses
with their own indoor toilets, rather

than out-houses, even ones with flush &
toilets. |

Fig. 4: Children from the Sweet Home
informal settlement drag a portable
toilet onto Lansdowne Road before
setting fire to it in protest against their
ward councillor who they say has

done nothing to improve their living

conditions.

It may also have conjured up, for some,
images of the outdoor apartheid toilets
in white-owned houses, as described
above (though in many cases, even
those offered more privacy than the
ones in Makhaza).

Conclusion

The infrastructures built under apart-
heid persist, in part, because people

keep on doing what they have always
done. Of course, this is not particular



-

:ods of time In
ing lived for long pe;;?gzstoms el
o countrle;:: | am used to, I've
diﬁerer:v:rz;nbrtvs entrench themselves
f‘:;erenn r:)wn life. Watching this process
Ic?los)ély has helped me under(sjtzn:,
(among other things) why an dO bt
racial segregation can p_ersnst e
when it is no longer de jure.

We conceal infrastrugture phys-
ically when we can, but it becomes
invisible in other ways as we.II.' Qne
of those is through the acquisition of
habits, skills, and social norms. These
should be seen as vital components
of infrastructure—they help explain
how infrastructures work and why
they endure. And habits, as we all
know, die hard.

1. Paul N. Edwards, Steven J. Jackson,
Geoffrey C. Bowker, and Cory P. Knobel,

" Understanding Infrastructure: Dynamics,
Tensions, and Design (Ann Arbor, MI:
Deep Blue, 2007).

2. Gary Toth, “Where the Sidewalk Doesn't
End_: What Shared Space Has to Share;
Project for Public Spaces, 20009, http://
www.pps.org/reference/shared-space/.

|I‘Matt Richtel and Connor Dougherty,

Google's Driverless Cars Run into Prob-

lem: Cars with Drivers! New York Times
September 2, 2015, :
4. gr;tcf}ony Gidde'ns, The Constitution of

catier] (Washlr)gton, DC: Spectrum Edu-
P an Enterprises, 1984),

. . INEIS u
b angr;s and R R. Nelson, “On the Na-
i Ivboll{tlon of Human Know-How?”

. Hube Dreyfozcy§1 (2002): 719-33.
Tanis et DS. tuart E. Dreyfus, and
Ower f R
of Human Intuitio, and Expertise

in the ra of t
u

"L Dreyfus, A F;

7. Richard R. Nelson and Sidn

8. Paul N. Edwards and Gabyig|

9. Gabrielle Hecht, The Radliance o

U, Mind over Machine: The

j Sll{art E. Dreyfus, and
ve-Stage Model of

. ™
the Mental Activities Involveq i .
Skill Acquisition (Berkeley: 0 2 D{recfed
Research Center, University O?gat!ons
1980). Aliforn,

€y G. Wip.
of EcOnO'TIic
Harvarg Unive.

ter, An Evolutionary Theory
Change (Cambridge, MA:
sity Press, 1982).
“History and the Technopoliticlzz l:f Ejht' 1
The Case of Apartheid South Afn'Caf nity.
nal of Southern African Sty :

dies 3
(2010): 619-39. 8.n0.g

f France:
Nuclear Power and Nationa Identityagf(;;

World War Il (Cambridge, MA: MIT Pregs
1998). d

10. Stewart Joy, “The Kombi-Taxi in South
African Cities;” Fourth International Cop-
ference on Competition and Ownership
in Land Passenger Transport (1995);
268-76.

11. Consultancy African Intelligence, “The
Minibus Taxi Industry in South Africa: A
Servant for the Urban Poor?; Polity.org.
za, 2013, http://www.polity.org.za/article/
the-minibus-taxi-industry-in-south-africa-
a-servant-for-the-urban-poor-2013-05-06

12. Steven Robins, “The 2011 Toilet Wars
in South Africa: Justice and Transition
between the Exceptional and the Every-
day after Apartheid;” Development and
Change 45, no. 3 (2014): 479-501.

JOU[.

Transformative Capacity
of Resilience: Learning from
Rebuild by Design

Henk Ovink

In 2012, Rebuild by Design was
inaugurated as a new kind of design
competition, aiming to combine
public-private collaboration whilst
setting a new standard for resilient
development. Its developer, Henk
Ovink, explains the approach behind
the initiative, part of President
Obama'’s Hurricane Sandy Rebuilding

Task Force, and identifies six key
lessons that can be learnt from the

project.

Contemporary Context

The annual Global Risks Percep-
tion Survey released by the World
Economic Forum (WEF) repeatedly
Proves the increase in frequency and
'mpact of environmental risks such as
climate change, water crises, bio-
diversity loss, ecosystem collapse,
€xtreme weather events, and natural
and man-made catastrophes. At the
Same time, these risks demonstrate a
clear ang strong interdependency on
he .FEQionaI and metropolitan scale.

hile this larger scale may multiply

ese risks’ complexity and impact,

IS 1s also the scale at which we hu-
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mans can best adapt to and mitigate
these risks. This is the scale at whic
we can—and must—act.

The 2015 WEF report, presented
Davos in January 2016, put the impa¢:
of water crises as the number-one
global risk facing humanity over the
next decade. Water is global connec+
tor: Two billion people will be devasta
ed by 2050'—four billion in 20802—if
we continue with our current practice
of water mismanagement on all scale
over-extraction and pollution. Of all
the disasters that occur worldwide,
90 percent are water related.® Add-
ed to this is the fact that 50 percent
of the earth's aquifers—nature’s own
groundwater storage capacity—are )
now beyond the tipping point, meanin|
that a natural recovery has become
impossible. Global urbanization may
provide us with growth, prosperity,
emancipation, and development op-
portunities, but climate change, rising
sea levels, and the increasing impact
these risks carry puts huge pressure
on our cities, societies, and citizens. If
we don't act, the economic, social, an
environmental system this all hinges
upon will collapse, leaving us as vic- i
tims of our own failure to seize a last
window of opportunity.

Water is at the heart of this uncer-
tain future. It is through water that we
feel the impact of climate change mos
forcefully.* Water is essential for our §
economy and our social and cultur-
al well-being. Water quality defines {
our economic prosperity and, in turn, §
water provision determines the level
of vulnerability for our societies: it is
key for agriculture, food, and energy
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