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Analyzing the images captured by a 
fixed camera, this project manages to 
reconstruct the amount of tear gas present 
in the air on one day of the Chilean 
protests of 2019. But beyond making 
visible and measuring the brutality of 
the repression and the literally ‘toxic’ 
environment that it generates, this case 
also shows that architecture tools serve for 
much more than just designing buildings. 

T his project took shape around a Youtube video 
archive. We became aware of its existence 

in February 2020, when a Chilean medical-activist 
group, no+lacrimógenas, contacted Forensic 
Architecture (Fa). They had gathered documentations 
of the Carabineros’ use of tear gas in residential 
neighborhoods of Santiago and learned about our 
research on the topic through our collaborators 
Ángeles Donoso and César Barros.

This particular Youtube video archive held 
uninterrupted daily live streamings of a camera installed 

The cloud aNd The rouNdabouT

Santiago, Chile
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1 Chile ocupa la 
dignidad / Chile takes 
place of dignity. Cortesía 
de / courtesy of Black Soul 
(Youtube video archive), 
20 de diciembre, 2019.

2 Confirmando las 
sombras. Cuadro de 
Lacrimógenas en Plaza 
Dignidad /Confirming 
the shadows. Still from 
Tear Gas in Plaza de 
la Dignidad. Cortesía 
de / courtesy of Forensic 
Architecture.

on a building’s rooftop near Plaza Dignidad (popular 
name given to Plaza Baquedano following the 
protests of October 18, 2019), where Galería ciMa is 
located. The camera pointed to the roundabout, an 
urban-architectural space that was the center of the 
protests. The archive’s earliest record dated 24th of 
October 2019, less than ten short days from the rise 
in public transport fares. As such, it held rigorous 
documentation of the rise of the people’s movement, 
the largest of its kind for a generation.

A relation existed between the movement and the 
urban form of this roundabout. Its footage resonated 
with images of the ‘Roundabout Revolutions’ of 
Tunisia, Egypt, Bahrain, Oman, Yemen, Libya, and 
Syria in 2010 – which I had previously studied together 
with Eyal Weizman (2015). It was to this space that 
the Chilean working class, indigenous peoples, 
students, and feminist advocacy groups were pulled 
together; and it was from this space that their voices 
were streamed live in every home across the globe.

As chants of “el violador eres tú” shook Santiago’s 
Plaza Dignidad, words of “نلك ينعي نلك” erupted 
Beirut’s Martyr Square. Across the ocean, from 
Chile to Lebanon and even further in Iraq, Iran, and 

IsamaneH moaF
Senior Researcher at Forensic Architecture, 
Goldsmiths University of London, Londres
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4 Análisis del registro 
de Marcela Ramírez 
(@afi_woman): quitando 
barricadas el 20 de 
diciembre de 2019. 
Cuadro de Lacrimógenas 
en Plaza Dignidad. / 
Analysis of footage 
by Marcela Ramírez 
(@afi_woman): Removing 
the barricades on 20 Dec 
2019. Still from Tear Gas 
in Plaza de la Dignidad. 
Cortesía de / courtesy of 
Forensic Architecture.

Hong Kong, the public space was being reclaimed by 
social movements seeking to overthrow authoritarian 
governments. The occupations were sustained week 
after week and month after month. Slowly, residential 
neighborhoods that hosted these occupations began 
to suffer acute manifestations of police brutality. 
Distrusting the police, residents used their smartphones 
to document the acts of violence and post them 
on social media as evidence, hoping it guaranteed a 
measure of accountability. Images and videos from 
these sites of repression suggested that riot control 
weapons varied across the globe, but shared across 
them was the signature of a white cloud known as 

3 Análisis del registro de 
Galería ciMa: primera 
nube lacrimógena del 20 
de diciembre de 2019. 
Cuadro de Lacrimógenas 
en Plaza Dignidad. / 
Analysis of Galería CIMA’s 
footage: First tear gas 
cloud on December 20, 
2019. Still from Tear Gas 
in Plaza de la Dignidad. 
Cortesía de / courtesy of 
Forensic Architecture.



25

6 Nubes lacrimógenas 
mapeadas en un modelo 
3D de Plaza Dignidad. 
Cuadro de Lacrimógenas 
en Plaza Dignidad. / Tear 
gas clouds mapped in a 3D 
model of Plaza Dignidad. 
Still from Tear Gas in Plaza 
de la Dignidad. Cortesía 
de / courtesy of Forensic 
Architecture.

5 El sistema automatizado 
ayuda a identificar 
el tiempo y posición 
exactos de las nubes 
lacrimógenas visibles. 
Cuadro de Lacrimógenas 
en Plaza Dignidad. / The 
automated system helps 
identify the exact time 
and location of visible CS 
clouds. Still from Tear Gas 
in Plaza de la Dignidad. 
Cortesía de / courtesy of 
Forensic Architecture.

tear gas or cs gas. Launched by projectiles or armored 
vehicles, these clouds caused excessive tearing, blurred 
vision, a burning sensation inside the nose, difficulty 
swallowing, chest tightness, coughing, shortness of 
breath, and a feeling of choking, effectively rendering 
their breathers unable to function.

The history of the weaponization of toxic clouds 
can be traced back to the turn of the twentieth century, 
when the essential thought was to target the enemy’s 
environment instead of his body. The case of the 1915 
Ypres serves as one of the earliest of such examples 
where thousands of chlorine gas cylinders were released 
by German soldiers along their trench line to clear the 
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7 Simulación matemática 
de mecánica de fluidos 
para el gas lacrimógeno 
en el aire. Cuadro de 
Lacrimógenas en Plaza 
Dignidad. / Mathematical 
fluid dynamic simulation 
of tear gas in air. Still 
from Tear Gas in Plaza 
de la Dignidad. Cortesía 
de / courtesy of Forensic 
Architecture.

border from French and British troops. The breather 
in this context, by the simple doing of his elementary 
habit of breathing, became at once – to use Peter 
Sloterdijk (2009:22) words – “a victim and an unwilling 
accomplice in his own annihilation”. With the end 
of WWi, in 1925, the Geneva Protocol prohibited the 
use of asphyxiating clouds in warfare. Later in 1993, 
the United Nations tightened the legal framework of 
non-lethal toxic clouds with a new convention, but 
introduced an exception for their use for the domestic 
purpose of riot control. With this convention, the 
frontiers of environmental wars were indeed shifted to 
our cities’ streets and roundabouts.

cs or tear gas manufacturers often provide detailed 
specifications for their products, but they fail to offer 
a reliable account of how they might behave in urban 
environments. Tear gas comes in a powdery solid form. 
When deployed, the pressurized powder is mixed into 
a liquid formulation that is then released into the air as 
droplets. The speed and the direction of the wind, the 
temperature and even humidity would influence 
the behavior of such droplets. While medical reports 
have evidenced their brutal impact, toxic clouds are yet 
to be prohibited. As with other environmental forms 
of violence, new sets of investigative methods are 
necessary to explain how they might affect the health 
of their breathers in residential neighborhoods.

In partnership with no+lacrimógenas, and together 
with Dr. Salvador Navarro Martínez at the Imperial 
College London, I led a team at Forensic Architecture1 
that took up the challenge of examining the scale 
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8 Partículas cs tóxicas 
arrastradas por el 
viento y eventualmente 
depositadas en el suelo. 
Cuadro de Lacrimógenas 
en Plaza Dignidad. / Toxic 
CS particles are carried with 
the wind and eventually 
deposed on the ground. 
Still from Tear Gas in Plaza 
de la Dignidad. Cortesía 
de / courtesy of Forensic 
Architecture.

of the use of tear gas in one day of protest as it was 
recorded by Galería ciMa’s camera on December 
20, 2019. We aimed to evaluate the severity of 
health risks that residents had been exposed to. 
On this day, hundreds of tear gas canisters were 
deployed against protesters in an egregious display 
of disregard for public health by Chilean authorities. 
First, we developed a 3D model of the roundabout. 
We reconstructed the camera’s cone of vision and 
confirmed its time code using shadows. Then, we 
developed an automated method of video analysis 
for detecting the extent of each tear gas cloud and 
marking the approximate location of its source, the 
canister. We located a total of 596 tear gas clouds in 
our 3D model.

For the past three years, we have been working 
with the Imperial College London to develop a method 
for mapping the shape and concentrations of toxic 
clouds using open-source data. Our method involves 
mathematical simulations of the fluid dynamics of toxic 
clouds in a digital laboratory condition, taking into 
account meteorological data such as temperature and 
wind. With the locations of tear gas canisters accurately 
mapped within our 3D model of Plaza Dignidad, we 
are able to map the architecture of tear gas clouds. 
The wind carried the cs particles from southwest to 
northeast across the roundabout, ultimately depositing 
them on the ground and onto the Mapocho river. The 
surrounding buildings generated irregular turbulences 
that carried airborne toxins into the surrounding 
neighborhoods. We showed that the contours of the 
shape of the clouds as they accumulated in air and were 
deposited on the ground extended well beyond the 
perimeter of the roundabout.
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9 Concentración de cs 
por metro cúbico en un 
punto de muestra en Plaza 
Dignidad entre las 8:30 y 
8:40 PM. / Concentration 
of CS per cubic meter at 
a sample point in Plaza 
Dignidad between 8:30 
and 8:40 PM. Cortesía 
de / courtesy of Forensic 
Architecture.

Our simulation also allowed us to measure the saturation 
of toxicity at any point in the space of our 3D model. 
Chilean Police’s Manual for Crowd Control states 
that exposure to tear gas should be limited to 0.4 
milligrams per cubic meter, and concentrations above 
the 2-milligram threshold constitute a serious danger. 
Our model showed that this threshold was surpassed at 
a sample point for a total duration of one hundred and 
eighty-five seconds, between 8:30 and 8:40 PM. In other 
words, the concentration of tear gas in Plaza Dignidad 
had reached toxicity levels of 40 times the allowed limit, 
risking the lives of the protesters and the residents of the 
surrounding neighborhoods.

Breathing, Achille Mbembe foregrounded, is 
beyond a purely biological act. It is that which we hold 
in-common; that which is “unquantifiable” and “cannot 
be appropriated” (Mbembe, 2020). If the turn of the 
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Senior Researcher at Forensic Architecture, Goldsmiths University 
of London. She provides conceptual oversight across projects and 
in particular oversees the Centre for Contemporary Nature (ccn), 
where new investigative techniques are developed for environmental 
violence. She earned her PhD from the Architectural Association (a a) 
School of Architecture with a dissertation on the contemporary history 
of state initiated mass housing in Iran and the class identities and 
gender roles it informed.

Notas / Notes

1 My team in Fa included Martyna Marciniak, Robert Trafford, Mark 
Nieto and Tamara Z. Jamil, and greatly benefited from supervision of 
Eyal Weizman.

twentieth century was characterized by environmental 
wars where the target was the air of the breather, the 
turn of the twenty first century might be an opening 
for the breathless, to claim what Mbembe (2020) 
articulated as the “universal right to breathe.” Today we 
hear residents of Santiago opening a case against the 
way Carabineros’ use of tear gas has destroyed the flora 
and fauna of their neighborhoods (Ortiz et al., 2021). 
This is a beginning. The ban on the use of tear gas is a 
universal right, and our benchmark investigative method 
on the architecture of the cloud offers reliable evidence 
in its support. ARQ
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