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GREEN LIVING

Which environments help us stay re-
laxed, productive, and healthy? That
is what Simone Kiihn and her team at
the Max Planck Institute for Human
Development in Berlin are investigat-
ing as part of a relatively new field of
research: environmental neurosci-
ence. They measure stress re-
sponses, test cognitive performance,
scan brains, and interview study par-
ticipants. Their aim is to understand
how our surroundings influence us.

cities, but also that nature is good for
us. So, should we pack our bags and
head for the countryside as quickly as
possible?

“It appears that the more greenery we are
surrounded by, the healthier our
brain is, particularly the amygdala,”
says Simone Kiihn, a psychologist
and director of the Center for Envi-
ronmental Neuroscience at the Max
Planck Institute for Human Develop-
ment in Berlin. Although numerous

Whether it’s the fine dust, noise, dirt, or studies have demonstrated the posi-

smells. Many people believe that cit-
ies make us ill. Numerous studies
show not only that mental illnesses
such as depression and anxiety disor-
ders occur significantly more often in

tive effects of experiencing nature on
mental health, how exactly such expe-
riences — and environmental stimuli
more broadly — affect the structure of
our brain and neurological processes
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has so far not been studied in depth.
That is precisely what Simone Kiithn
and her team aim to change with the
burgeoning field of environmental
neuroscience.

“It is still unclear why greenery benefits

us — whether it is due to lower air pol-
lution, the essential oils released by
trees and plants, or an evolutionary
predisposition to respond positively
to the color green.” The beneficial ef-
fects of greenery can also be experi-
enced in cities, for example, in parks.
“Overall, we are only just beginning to
understand how different environ-
ments — such as where we live or work
— affect us in the short and long term,”
the psychologist says. —
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Until now, psychological and neurosci-

entific research has largely focused on
the individual. While an MRI scan
can reveal structural variation in the
brain and personality tests can indi-
cate how open a person is to new expe-
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studies still end with statements such

as, ‘Human working memory capac-

ity is such and such.’ That makes little
sense to me because the context is
completely ignored.”

sound. “Pink noise, or pink noise-like
sounds, can be interpreted as a water-
fall, but can just as plausibly be per-
ceived as machine noise,” Kiithn ex-
plains. Study participants who
believed they had been listening to a
waterfall for several minutes felt bet-

riences, the environmental context Kiihn’s goal is to gain insights in neuro-
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tends to be largely ignored in such
studies. “The problem is that most
forms of behavior are strongly driven
by context,” Kiihn explains. “At the
same time, contexts change our be-
havior and our biology.” Our brain
looks slightly different depending on
whether we have just been playing
video games or walking in the woods,
particularly if we do this frequently.
To what extent our behavior and envi-
ronments become biologically in-
grained in us, and how reversible
these effects are, remains largely un-
clear.

Controlled Conditions
are Artificial

Many questions are therefore still unan-

swered, not least because universally
applicable findings are difficult to ob-
tain in neuroscience. To measure
structures in the brain and their ac-
tivities, study participants lie in an
MRI scanner. “This creates con-
trolled conditions, but these condi-
tions are also extremely artificial,”
cautions Kiihn. “Researchers can, for
example, examine participants’ brains
while the participants lie in the scan-
ner and are asked to decide whether to
turn over a virtual stack of cards —a
decision which has very little to do
with real-life choices.” It is therefore
questionable whether findings ob-
tained under such conditions can be
applied to everyday life.

Complicating matters further is the fact

that no two brains are alike. In addi-
tion, our brains are constantly chang-
ing. “Even if I place the same person
in the scanner 50 times and have them
perform the same task 50 times, I will
obtain 50 different results,” Kiihn ex-
plains. “Yet many neuroscientific

science that people can use to im-
prove their lives. Early in her career,
the psychologist focused on the plas-
ticity of the brain, that is, its ability to
change in response to demands and
stress. Following a period of doctoral
study at the Max Planck Institute of
Human Cognitive and Brain Sciences
in Leipzig, she conducted research at
Ghent University in Belgium, Uni-
versity College London, Charité, be-
fore accepting a Heisenberg profes-
sorship at the University Medical
Center Hamburg-Eppendorf (UKE)
in 2016. In 2019, as part of the Lise
Meitner Excellence Program, she es-
tablished her own research group in
environmental neuroscience at the
Max Planck Institute for Human De-
velopment in Berlin. Since 2024, she
has been a director there and has built
up a department dedicated to this
field of research. “Our ultimate goal
is to determine what constitutes a
healthy living environment for the
majority of people,” Kiihn says.

Perception Shapes
Experience

In their experiments, the team don’t just

place study participants in an MRI
scanner, they also ask about their sub-
jective perceptions. The background
to this approach is that “noise in a res-
idential area near an airport can cer-
tainly be measured objectively,” as
Kiihn explains. “But people should
also be asked: ‘Does what you are
hearing bother you?””

Whether a stimulus ultimately has an

impact on us, or might even make us
ill, also depends on subjective percep-
tion. This is illustrated by an experi-
ment the researchers conducted only
recently using a particular type of
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ter after the experiment, in contrast to

those who thought they had been ex-
posed to machine noise. “The belief
about the source of the sound is what

makes the difference. This shows that

our wellbeing is not determined solely

by biology.”

SUMMARY

Our environment has a strong im-
pact on our well-being, cognitive
function, and mental health.

Movement outdoors, birds chirp-
ing, and the color green all appear
to have a positive effect on us.

Insights from environmental neu-
roscience can help inform urban
planning in ways that improve
mental health.

Psyche and biology are therefore closely
intertwined and interact with one an-
other. Repeated exposure to a stimu-
lus perceived as negative can also
make us physically ill, for example, in
the form of cardiovascular disease
caused by noise. Illnesses that origi-
nate in the body, in turn, often affect
our mental state as well. Whether an
environment is good for us is there-
fore decided in the body as much as in
the mind.

Identifying when it is our thoughts and
beliefs and when it is our biological
“hardware” that determines how we
feel is difficult. In general, at least, we
seem to respond positively to stimuli
associated with nature. For example,
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Relative
Unit

BRAIN ACTIVITY WHEN VIEWING
NEUTRAL FACES

0.09

BEFORE THE WALK

Fearful faces test: how did people
respond to fearful and neutral faces
before and after a one-hour walk in
an urban environment — here along
SchloBstrafle in Berlin (gray-blue
bars) —and in a natural environ-
ment in Berlin’s Grunewald (green
bars)? Result: nature had a benefi-
cial effect. After a walk in a natural
environment, viewing different
faces elicited lower activity in the
amygdala (shown in red). By con-
trast, the brains of participants who
walked along SchloBstraBe showed
a stronger stress response.

Simone Kiithn and her team have
shown that study participants uncon-
sciously direct their attention more
quickly toward images of nature and

AFTER THE WALK
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0.00

BRAIN ACTIVITY IN THE
AMYGDALA

BEFORE THE WALK

view them more attentively than im-
ages of cities. At the same time, par-
ticipants also appear to benefit both
psychologically and physically when
they are exposed to stimuli related to
nature. “In one of our studies, for ex-
ample, participants were shown a vir-
tual office. They were asked to look
around briefly and then complete
cognitive tasks.” The surprising re-
sult was that when the virtual space
contained green plants, performance
improved. “The study participants
suddenly performed better on work-
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AFTER THE WALK

ing memory tasks and were also sig-
nificantly better at solving creative
tasks — simply because they could see
virtual plants in the room.”

A similar effect is observed when study

participants view images of a large
city that include trees: their perfor-
mance improves. “The interesting
question is this: is it really the trees? Is
it the color green itself that produces
these effects? Or is it simply that the
trees are blocking unsightly high-rise
buildings in the image?”, —>
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Simone Kiihn asks. “While we don’t
have an answer to that yet, our exper-
iments have repeatedly demonstrated
that simply looking at something
green — be it a wall or a meadow —
seems to be sufficient to help people
perform tasks better.” Kiihn has also
identified another effect of nature im-
ages: when people look at them they
experience less pain — just as they do
after listening to nature sounds. The
reason is that when leaves rustle in the
wind, birds sing, or we see swaying
treetops, the brain cells that process
pain signals appear to reduce their ac-
tivity. As a result, fewer pain signals
are transmitted and processed in the
brain. This is why we experience less
pain when we are exposed to nature.
“Upon hearing birds chirping, study
participants with no mental health is-
sues also reported feeling less anxious,
less depressed, and less paranoid. In
this way, then, we can bolster our
mental health.”

Forests Have a
Calming Effect

The Berlin-based research team has also

found neurological evidence that
spending time outdoors is beneficial
to health: it increases the size of the
prefrontal cortex. “This region is very
important for education-related pro-
cesses, self-control, and working
memory,” Kithn explains. “We see
positive effects on working memory
when someone has spent time out-
doors within the past 24 hours, in-
cluding in an urban setting.” People
who live in cities appear to benefit
even more when they go for a walk in
the woods rather than simply spend-
ing time outdoors. “After study par-
ticipants from Berlin had spent an
hour walking in the Grunewald, MRI
scans showed that their amygdala—an
important brain region involved in
stress processing — was less active
than before. In other words, the walk
had a calming effect on their brain’
As a result, participants felt less anx-
ious, less tense, and were able to relax
better. This relaxation effect was not

Y
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observed in the comparison group,
who spent an hour walking through
an urban environment.

Interestingly, particularly healthy-look-

ing amygdalae are also found in peo-
ple who live in cities but reside near a
forest. “Our data show that the amyg-
dala in these individuals is not only
larger than average, but also structur-
ally in particularly good condition,”
Kiihn explains. “However, we cannot
say whether these people are better off
overall, nor can we determine what is
cause and what is effect. It may simply
be that people with certain brain
characteristics are more inclined to
live near a forest.” One thing is cer-
tain: these people do not pursue gar-
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dening, jogging, or walking any more
than others, and their diet is not
healthier either. “What truly seems to
set them apart from others is, above
all, where they live.”

How Environment
Affects the Brain

The findings from Berlin show that our

environment has a strong impact on
our health, performance, and well-be-
ing — and experiencing nature in par-
ticular seems to be good for us. At the
same time, the second finding is not
universally applicable. This can be il-
lustrated by the plight of a research




team that spent several months in
Antarctica. “While Antarctica is of
course part of nature, everything
there is snow-covered and white,
leaving people with very little to ori-
ent themselves with. The researchers
were also separated from their fami-
lies and therefore socially isolated,”
Kiihn notes. Spending extended peri-
ods in such an environment appears
to cause the hippocampus — the brain
region responsible for spatial orienta-
tion and the formation of long-term
memories — to shrink. “We observed
this effect in MRI scans of all partici-
pants in the expedition. Whether this
was due solely to the extreme envi-
ronment is difficult to determine,”
Kiihn says. “For months, the team
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lived in a confined living space within
an unusual social structure. That
likely also played a role. This likewise
suggests that a life without nature and
greenery is obviously not good for us.
It seems to be important for our brain
to be surrounded by different things.”

At present, Simone Kiihn and her team

are mainly conducting twin studies
and plan to expand their research in
this area further. Since 2023, they
have been building a German twin
registry for this purpose, which is in-
tended to be accessible to other re-
searchers. “Studies of identical twins
are ideally suited to our research de-
sign,” says the psychologist. “These
individuals not only share identical

PHOTO: DAVID AUSSERHOFER / MPG

MRI scan: Simone
Kiihn speaks with

a study participant
before an MRI scan.
Her research shows
that nature hasa
calming effect, with
reduced brain activity
in regions involved in
stress processing.
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genetics, but often share many life-
style factors, such as similar diets and

interests.” If one twin lives in a rural

area and the other in a city, Kithn and

researchers at the Center for Envi-
ronmental Neuroscience regularly
carry out measurements with both,
assess their well-being, and examine

whether responses and brain struc-
tures change over time. By compar-
ing the two datasets, they are able to

identify the causal effects of environ-
mental factors. “It has long been

known that people with a genetic pre-
disposition who live in cities are about

2.5 times more likely to develop schiz-
ophrenia,” says the researcher. “One

of our twin studies now shows that

there is indeed a link between air pol-
lution and paranoid thoughts, a kind

of precursor to schizophrenia. Poor
urban air quality may therefore con-
tribute to triggering the disease.”

Rethinking Urban
Planning

Whether indoor spaces or public places,

the findings from Berlin could, in the
longer term, provide a basis for de-
signing environments that are more
people-friendly. However, much
more data is required, and there is a
long way to go. Environmental neuro-
science is a very young field. “Never-
theless, we already have very clear in-
dications that nature has a positive
effect on us,” Kiithn says. “At the
same time, we also see that cities have
by no means as negative an impact as
is often claimed.” Still, it would
hardly harm the health of people liv-
ing in cities if there were more green
spaces and greenery were added to
walls and rooftops. Images of nature
displayed in offices and waiting
rooms, as well as in living rooms at
home, could also enhance our wellbe-
ing and cognitive performance, irre-
spective of whether we live in rural or
urban areas. “Nature helps every one
of us. It would be wonderful if we de-
veloped greater awareness of this and
paid more attention to how much our
environment affects us.” <
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