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PREFACE

I WROTE THIS BOOK in the spring and early summer of 2018, and
revised it during what turned out to be a summer that dramatically
changed the conversation we are having in society about climate
change. Or to be precise, one we are starting to have on a scale that
finally seems to come close to what we need to actually address
climate change.

This had nothing to do with me, but the science that is described
in my book probably did play a role. During the summer of 2018,
people in France, the U.K., Germany, India, North America, and
many other places around the world not only experienced what
climate change feels like but became aware that the very high
temperatures they sought to avoid in the shade were not just
weather but part of a changing climate. The following northern
hemispheric summer of 2019 again saw heat records being broken
throughout Europe, including the more than eighty-year-old U.K.
record.

Extreme heat was also a key driver of the bushfires that
destroyed lives, livelihoods, and ecosystems in southeast Australia.
As before, new studies undertaken by the team described in this
book found that without human-induced climate change, the heat in
Australia would have been at least a degree less intense and less
than half as likely as in today’s climate. Climate change also made
the weather conditions leading to the fires overall at least 30 percent
more likely, which means that without climate change the
devastation these fires wreaked would have been significantly less
severe.



This book—which looks at how weather and climate change are
linked and how we as scientists can now characterize and quantify
humanity’s role in extreme events—has become even more relevant
and timely than I imagined it to be. Or, in the words of a German
radio station, it “provides the arguments for the Fridays for Future
movement.” Not all of them, certainly, but in this book I describe the
birth of a new way of doing climate science. Not only in specialist
journals and highly complex reports, but as and when and where
people ask scientific questions and need scientific evidence.

Climate change is a fact. We’ve known this for a very long time,
with experiments confirming the greenhouse effect conducted by a
largely ignored scientist, Eunice Newton Foote, as early as 1856 and
fully quantified by Svante Arrhenius forty years later. We have
observed rising global temperatures over the course of the twentieth
century, and the science advisory committee of Lyndon Johnson’s
presidency warned of global warming in 1965.1 At the very latest,
since the 1990s we have been able to attribute these rising global
temperatures to greenhouse gases in the atmosphere from the
burning of fossil fuels. However, global mean temperature rise is not
killing people and ecosystems directly. Thus the one degree of global
mean temperature rise we have today is for most of us just a
number. It is a powerful and important number, but since we do not
experience it directly, this number only allows (and crucially,
requires!) us as a global society to tackle climate change with our
intellect, not fueled by direct experience and resulting emotions.

Being human, we find that a very hard task at the best of times. It
hasn’t exactly been the best of times, though, with powerful interests
and a lot of money devoted to characterizing the laws of physics as a
hoax. Published research from historians shows that leaders in the
oil industry knew about the consequences of continuing their
business model (digging up fossil fuels to be burned) as early as the
1950s. Archived internal notes show that they did not doubt the
scientific evidence but decided to publicly deny it to keep their
businesses going. The United States demonstrates impressively just
how successful they were in planting seeds of doubt.



Fast forward into the twenty-first century. Global greenhouse gas
emissions are still on the rise (the current temporary dip due to a
world in lockdown does not change this picture). Climate change has
evolved from a vague future threat to an everyday experience, albeit
one that may not yet be recognized as such by everyone. Global
mean temperatures of a degree above preindustrial temperatures
and carbon dioxide levels in the atmosphere above 400 parts per
million manifest as rising sea levels and changes in the frequency
and intensity of some extreme weather events. These changes are
not just making European summers uncomfortably hot. They
threaten decades of development gains, and they pose a clear and
present danger to the social and economic welfare of communities
and countries around the world. While the global elite was busy
ignoring or actively denying human-caused climate change, the
problem worsened and devastating weather events proved the
science to be correct. The price is being paid by those who always
pay—people in developing countries, people who have to work
outdoors, people who can’t afford insurance—in short, people who
have profited the least from improved living standards in a fossil-
fueled society. And of course the price will be paid most by those
who were not alive in the 1960s, ’70s, ’80s, and ’90s, when those
with influence chose to ignore climate change. It is the people who
have no responsibility for causing climate change who are now
taking to the streets, the courtrooms, and hopefully soon all the
circles where decisions are made.

These are the facts and have been for many years, apart from
the last point. But of course this point is crucial. Thanks to the young
people on the streets, we are talking about climate change. And
talking is the first step, as a problem that is not addressed cannot be
solved. So these kids have achieved what scientists and activists
could not achieve in decades; today we talk about climate change
almost everywhere. And we do not only talk. Countries like the U.K.
have adopted targets to achieve net-zero carbon emissions by the
middle of the century; other countries and cities have declared a
“climate emergency.” This is a hugely important first step, but at the
moment when it comes to climate, “emergency” is too often just a



word. In order for climate emergency to mean anything it needs to be
clearly defined and backed up with legislation. Instead we focus the
discussions on individual actions (such as flying). But we cannot
reach a net-zero target in thirty or forty years’ time by holding
individuals alone responsible. We live in a system built on the
burning of fossil fuels and we need to change the system as a whole
and do it quickly. Today’s teenagers have already taken a lot of
responsibility by telling the world what is at stake and that we need
to act now, but we, the older people in powerful positions, need to
implement the pathway to a carbon-neutral system. How to do that
raises questions of responsibility—social, political, and philosophical
questions. Changing our global society is not a scientific problem.

So why a book about a different way of doing climate science?
Given we’ve known for a very long time that continuing to burn fossil
fuels and emit greenhouse gases into the atmosphere is not
compatible with stabilizing global mean temperatures, one could
argue that the problem now passes to the rest of society. And to a
degree this is certainly true, but even if we could achieve global net-
zero emissions today, the world is already a degree warmer than it
used to be. This has consequences, but we are only beginning to
understand these consequences. The world is on the verge of
largely accepting that climate change is a fact, but now we need to
go from acceptance to understanding. We have known that
temperatures increase over continents, but we do not live in
continental averages, we live in cities and villages, tropical regions
and arid zones, mountains and valleys. It is in our local areas where
we need to deal with the manifestations of climate change and
where decisions are made on developing a region and implementing
adaptation measures. If we are to reduce risk and build resilient
systems, we must have the scientific evidence explaining our
particular manifestation when this evidence is needed most—in the
immediate aftermath of events, when key decisions are made about
rebuilding, relocation, and recovery at a local level. And we must
have it where it is needed most—in the most vulnerable regions,
where events cause the largest impacts, where climate change is
increasing risk, and where the media and the general public are



asking questions about the causes of disasters and about their own
vulnerability. The science described here, known as event attribution,
allows us to link extreme weather events directly to human-caused
climate change—essential evidence that has long been missing. The
lack of such evidence has played its part in making it easier for
governments and industry to shirk responsibility. Of course it would
be better if we could have all this information before an event
happens, and from a science point of view we can, but we are
human, so we often only realize our vulnerability when it is
threatened.

Attribution science can also be used to speed the societal
transition up. For one thing, very straightforwardly, if every time an
extreme weather event happens you hear an assessment of how
much climate change is to blame for it, you are constantly reminded
about the reality of it. If it’s your grandmother who is admitted into
hospital because of a much more intense heat wave, it will affect you
differently than reading about a threatened polar bear.

Furthermore, attribution studies can be used to pin responsibility
on those companies and countries that have profited most from not
acting on climate change earlier. We have scientifically laid the
groundwork for linking shares of carbon emissions sourced from
industrial carbon producers to specific climate impacts. The
implications are that we have the concrete evidence to take those
carbon producers to court. For the time being this is not
straightforward, but the science is already very clear. And lawyers
are working hard on this, in Europe, in the U.S., and around the
world. It is no longer a question of if a major carbon producer will be
successfully sued, it is a question of when.

The links between vulnerability, climate change, and inequality
are very real. Leaders of social movements state that climate change
is a crisis of inequality. By demonstrating the degree to which
human-caused climate change is responsible for disasters, event
attribution may create new momentum for social movements.

In bringing climate analysis from the world of models and
international policy into everyone’s backyard, the courtrooms, and
the streets, attribution is a science of responsibility. It is a



responsibility that cannot wait until the generation striking today has
grown up.



PROLOGUE

The New Weather

WE ARE THE first generation to experience a different type of weather.
Weather that palpably deviates from what was encountered by our
grandparents, their grandparents, their grandparents, and so on.

During my lifetime, the temperature on Earth has increased by
around 0.6 degrees Celsius (1.1 degrees Fahrenheit), fundamentally
altering our climate and thus the weather.* This change didn’t
announce its arrival; instead, it has slowly infiltrated our lives like a
bad habit or physical pain. So far, in most of the world, we have
responded with little more than a vague sense of unease.

Our unease comes from heat levels we believed to be the
preserve of far-flung regions, torrential downpours that flood our
streets and basements, and storms that uproot huge trees and bring
railroads to a standstill. Something has shifted in the fabric of the
weather.

Throughout Europe, anxiety intensified in summer 2018. People
faced relentless heat and merciless drought, heard farmers complain
of crop failures, and hoped in vain for cooler temperatures that
simply refused to materialize. In Greece at the end of July, following
a series of forest fires, the famous Marathon Avenue in eastern
Athens was lined with burned-out cars, charred trees, and
windowless ruins. Later searches revealed the corpses of people
who died in each other’s arms, unable to escape the flames. Others
fled into the ocean, six of them drowning.



As Europeans suffered in the heat, it began to dawn on many
that perhaps climate change was not some distant threat but was
making an impact here and now. And this experience was not
confined to Europe. In Japan, heavy rainfall and flooding left
hundreds of people trapped on their roofs in early July 2018. One
year earlier, in September 2017, the Caribbean island of Barbuda fell
victim to extreme weather when it was completely destroyed by
Hurricane Irma and the entire population had to be evacuated to the
neighboring island.

In September 2017, climate scientist Michael Mann of
Pennsylvania State University declared that “I don’t think it’s a
coincidence that during that period we’ve seen the strongest
hurricanes globally,”1 making reference to Patricia (Pacific, 2015),
Winston (southern hemisphere, 2016), and Irma (Atlantic, 2017).

Nevertheless, quite a few people remarked that extreme weather
has always existed. It is well known that our perception and memory
become skewed as we age. The hurricane over the North German
lowlands and the flooding of the River Elbe made it onto television
thirty years ago, but back then it was rare to see reports of flooding
in Bangladesh or heat waves in Kenya. In today’s networked world,
we hear of disasters in even the most remote regions of the world.
Has weather become more extreme, or are we deceived by faulty
perception and reporting frequency?

In many instances the answer is no, we are not being deceived.
Why? Because we, the human race, have altered the parameters for
our weather. From hurricanes to light summer rain, every weather
event takes place under different environmental conditions than
those of 250 years ago. Climate change does not only affect people
in “developing countries.” It will not be a phenomenon for our sons
and daughters and their sons and daughters to tackle at some point
in the future. Climate change is showing its colors now, and it’s using
the weather to do it.

What is deceptive is that it’s really not that easy to determine
whether a severe storm is within the range of “normal” and sheer
bad luck, or whether storms that previously occurred every hundred



or thousand years are suddenly becoming much more common.
Despite the frequent newspaper headlines, the climate change we
have set in motion cannot be blamed for every single weather event.
When we ask whether the weather has become more extreme, the
answer is that in many cases it has, but not always and not in every
situation.

Determining the role of fossil fuels in all this requires scientific
research—the research carried out by our small World Weather
Attribution team. When we founded the project in 2014, it was
tantamount to a revolution in climate science. We reconstruct
extreme events by analyzing weather data and comparing the results
with weather simulations from our computer models. In just a few
days or weeks, we can do something that for many years seemed
impossible: we can attribute specific weather events to climate
change or, on the contrary, prove that climate change was not
involved at all. Our new field of research is therefore known as event
attribution science. Instead of talking simply of general climate
processes over periods of thirty years (as climate researchers
always used to do), we focus on the things affecting us in the here
and now.

For a long time, scientists actually frowned upon those who
talked about the current weather. Our project is changing this
perspective; for the first time in history, we have the means to make
reliable statements about individual weather events. In a way, we are
turning climate science on its head—even though we know it rubs
some of our colleagues the wrong way. We want to replace unease
and hazy gut feelings about the causes of weather with actual facts,
something that hasn’t been done before—and certainly not with such
speed.

Media outlets have always reported immediately and extensively
on storms, floods, and heat waves; it boosts their ratings. However,
they almost always focus on the event and its consequences,
nothing more. They rarely indicate that the weather event was
unusual for the region or time of year. Most newspapers do not
mention the specific area in which rain fell to trigger flooding, or
whether this was an extreme—and therefore rare—meteorological



event. Perhaps the rain itself wasn’t unusually dramatic, only its
impact?

Weather was (and still is) tolerated as though it were decreed by
the gods, but we have long known that this is not the case. Today’s
weather is different because the human race has changed the
climate, yet this fact is often drowned out by the melee of interests
and ideologies. In principle, anyone can claim whatever they want;
climate change deniers, energy industry representatives, and their
political allies dismiss storms as the whims of nature. After all, we
have always had terrible weather. As long as uncertainty reigns, it
will be difficult to show a clear link between the weather and the
mining and burning of coal, oil, and gas. Other people—including
many evangelicals in the U.S.—see hurricanes as an act of God, as
a punishment to be endured for the world’s transgressions. Still
others place all the blame on climate change. These are often
environmental activists and scientists with initially good intentions to
wake people up, to take drastic action to open their eyes to the
dangers of climate change. As we know, however, there’s a fine line
between wake-up calls and alarmism. People so dedicated to the
environment that they are willing to commit criminal acts are actually
supporting politicians who hide behind climate change whenever
their lack of or misguided planning turns a weather event into a
disaster—it’s all down to climate change, there’s nothing we can do.

None of these perspectives are based on facts, facts that our
new branch of science seeks to uncover. Over the last five years, we
have repeatedly used our new method to discover whether and to
what extent climate change is manifesting itself in our weather—in
heat waves, droughts, and floods—with the aim of making climate
science a thing of the present, not the future.

If everything goes smoothly, we can calculate the role of climate
change in a weather event within one week—while it is still the focus
of the media. It is crucial that we act in real time; this is the only way
to influence the debate and to show people that climate change is
not just a phenomenon of the future, that it is already happening
before our eyes and in some of our backyards.



This new method also allows us to ensure that the world is better
prepared for a changing climate. Only when we know which weather
events are much more likely to occur in which seasons and regions
can disaster management funds and efforts be deployed effectively.
This knowledge could save lives.

It is also highly likely that our work will help call to account those
responsible for the change in the weather. The future will see more
and more energy companies summoned to court, and the first
lawsuits based on natural disasters and climate change are already
underway. With the aid of our attribution studies, corporations could
be forced to pay compensation for climate-related damage to those
without a lobby behind them.

Yes, facts can be powerful. They create clarity. I would like to use
a specific event to explain how we, as scientists, arrive at these
facts. I have chosen Hurricane Harvey, which swept across the
southeastern U.S. in 2017, engulfing Houston in huge quantities of
water. I find it to be a particularly good example not only to explain
the basics of our work, but also to illustrate the insidious nature of
lobbying, so that a climate policy is shaped by certain interests.

Day 0

It all begins with a stroke of fate. Unusually high ocean temperatures
of over 30°C (86°F) have turned a tropical low-pressure area in the
Gulf of Mexico into a cyclone. Mountains of cloud over half a mile
high can be seen rotating counterclockwise around the center of the
storm, driven by the Earth’s rotation. The satellite images foretell not
only extreme wind speeds, but also enormous amounts of rain.

The storm is constantly sucking new warm and humid air from
above the warm water below, giving the cyclone more power.
Meteorologists have upgraded the tropical storm to a hurricane, and
it’s rapidly making for the coast of Texas— Houston, to be exact.
Houston is the fourth-largest city in the U.S., with almost seven
million residents in the greater metropolitan area. With its many
refineries, it is a major trading center for crude oil. Memories



resurface of Katrina, the 2005 hurricane that killed more people in
the U.S. than any in the last hundred years.

August 24, 2017. Our team is about to face this new event. It has
already been named Harvey. Safe on the other side of the Atlantic, 4
,785 miles away in Oxford, I fish my cell phone out of my bag and
skim the reports while eating my breakfast. A tweet from American
meteorologist Eric Holthaus catches my eye:

Just-completed gfs model (12z) shows nothing less than a flooding catastrophe for
Texas. 24–48” of rain in 3 or 4 days. Please pay attention (@EricHolthaus, August
23, 2017)

We need to act, that much is clear. We need to determine the
causes while all eyes are still on Texas.

We will influence what many people in Houston, the U.S., and the
rest of the world will think about the hurricane. We will influence who
or what will take the blame once the storm has passed.

Harvey is the first hurricane to hit a U.S. coastal city for years and
will most likely plunge it into chaos. In one of nature’s ironies, this is
happening during the reign of a president who denies the existence
of climate change and has announced that his country—historically
the largest producer of greenhouse gases—will withdraw from the
Paris Agreement. This would make the U.S. the only country on the
planet to officially refuse to continually reduce its greenhouse gas
emissions.

If we do not speak out and our team does not intervene, we will
be yielding the stage to people with a solely political agenda who will
make wild speculations based on their particular worldview. We will
also be leaving a large section of the population under the delusion
that the weather and climate are not connected—or at least that the
connection is too complex to calculate.

Climate scientists themselves have encouraged this belief; with
every storm that occurs, they have commented that a single weather
event cannot be attributed to climate change. For a long time, it was
not possible for climate researchers to speak about specific weather
events, and for many it remains a taboo.



And yet all modern weather events take place under altered
environmental conditions. After all, we have spent centuries burning
fossil fuels, heating up our atmosphere by approximately 1°C (1.8°F)
to date and changing the atmospheric circulation—where and how
high-pressure and low-pressure areas move and develop. These
days, every storm has something to do with climate change. The
question is, to what extent? Has climate change weakened the storm
or made it more powerful? Both are possible. And this is where we
come in.

The problem with Harvey is that our team has never made these
calculations for a hurricane. Hurricanes are complex and, as a
physicist, I have a healthy respect for them. It is only since the start
of the satellite era in 1979 that we have truly been able to observe
them. In contrast to droughts and heat waves, they cover only a very
small area, making it more difficult to simulate them in climate
models.

I’m not sure whether we can do it, particularly in just a few days
or weeks. If we hurry and miscalculate, we could jeopardize all the
effort we have invested in the reputation of our (only just established)
branch of research. Publishing academic studies involves many
necessary yet time-consuming procedures; there are many risks to
circumventing these procedures and publishing results while the
world is still talking about the event.

And yet this is precisely what we need to do if we actually want to
make a difference, to get involved in debates, and to put climate
science on the offensive. With our approach we know we are
treading on very thin ice that threatens to break at any moment. After
all, we are (at least for a transitional period) breaking with the
principle of peer review, established for centuries and one of the
tenets of academic quality assurance. In the peer-review process,
independent assessors from the same specialist field evaluate a
study before its results appear in an academic publication. It makes
perfect sense, and we would love to be able to take our time
sounding out our analyses.

We do stick to the usual procedure, but only when developing
new methods. In all other circumstances, we simply do not have the



time. If we wait months to release our results, the general public will
no longer be interested in exactly what happened. Other extreme
weather events will probably have occurred in the meantime, and the
public, the media, and politicians will have turned their attention
elsewhere. We will have lost our audience.

And so we divide the peer-review process into two stages, well
aware of the contradiction. However, we do not publish all possible
figures indiscriminately as soon as they are calculated. We only use
methods that have already been published in specialist journals and
only present unreviewed results to the public if they relate to a new
event, but not a new type of event. This may not be the academic
custom, but our science is still good. So who are we?

Our Team

We are not police officers, disaster relief workers, or paramedics,
and we are definitely not politicians. We are climate researchers, but
we are no ordinary climate researchers.

Our core team is made up of myself, Geert Jan van Oldenborgh
(also a climate scientist), and our manager, oceanographer Heidi
Cullen. We all know each other really well. Even when nothing is
happening, we hold a video-conference at least every two weeks;
when we have a case, we speak almost daily. We have been doing
this since 2014; Heidi from Princeton, Geert Jan from De Bilt in the
Netherlands, and I from Oxford. We are assisted by many people,
including my colleagues in the Environmental Change Institute at the
University of Oxford, but we three are the ones who put our necks on
the line. We decide when to take on a case, when an event has been
sufficiently clarified, and when we go public. Just like today.

Our conference begins at 1 PM. By now Harvey has moved closer
to the mainland and changed shape, and not for the better. Air force
fighter pilots have flown over the storm and managed to identify the
eye.2 In the space of half a day, the cyclone in the Gulf of Mexico
has drawn strength from the warm water and is now reaching
maximum wind speeds of up to 99.4 miles per hour—compared to



just under 62 miles per hour in the morning.3 Governor of Texas
Greg Abbott has announced that a state of emergency will be
declared as a precaution so that swifter action can be taken if
required. According to the National Hurricane Center, Harvey is set
to reach the coastline late on Friday, August 25, or early Saturday
morning.

President Donald Trump has also responded. He has posted
images of himself at the Federal Emergency Management Agency
(FEMA) in Washington, D.C., gesticulating as he talks with the agency
chief. In the accompanying text, he warns the people of Texas to
prepare for an emergency. The aim of all this is to show that, when it
comes to the crunch, they can rely on their president. That he
recently slashed disaster relief funds and denies the impact of
climate change is another matter.

An ocean away from the storm, I am sitting in my little office in a
brick building in Oxford. My team and I are trying to figure out what
we can do. And whether we should start to investigate.

Nobody is surprised to hear that Geert Jan has already acquired
the observation data and weather forecasts. Since Harvey made its
way over the Atlantic from Africa’s west coast and was highlighted as
a potential hurricane by forecasters, he has updated the data almost
every hour in the weather models of the Royal Netherlands
Meteorological Institute, where he has been working for twenty
years. Geert Jan pushes our group. If it were up to him, we would
publish all our studies within two days. Sleep? Who needs to sleep
when you could be analyzing weather data?

For us scientists, the world is to a large degree made up of
numbers, diagrams, and computers in our daily work. However, we
also need a connection to the event itself and to the damage and
victims the disaster leaves behind. Disaster relief and aid
organizations are our eyes on the ground; their job is to get people to
safety, both before and during a disaster. The data they provide for
us are difficult to obtain. How many people are affected? Has
anyone been injured or killed? Teams in the area often know before
we do whether a weather event could trigger a disaster because they



receive early warnings from local weather services and other service
providers. With all these data at their disposal, they can assess
whether residents are prepared for the event. What they learn about
Harvey is cause for concern: Houston’s infrastructure is not
equipped to deal with the extreme rain expected. And there is still no
way of knowing whether the locals will take the warnings seriously.

We don’t always agree on who to address most urgently. The
disaster relief workers think it should be the local politicians because
it is they—not the politicians in Washington or the media—who
ultimately decide whether to rebuild houses or tear them down,
whether to simply return to normal life or adapt their plans to the
altered environmental conditions.

Heidi and her colleagues focus mainly on the media, aiming to
reach people around the world. As well as organizing our team, Heidi
acts as a knowledge broker, summarizing our specialist articles so
that everyone can understand them. She believes it is important for
us to share the key points of our work once public awareness grows.

Heidi is worried about Harvey. The pressure is immense. This is
an important storm, so we can’t stay silent, but hurricanes are new
territory for us and we don’t have any tried-and-tested methods or
models to fall back on. So as not to make ourselves vulnerable, we
must not under any circumstances make statements that are not 100
percent reliable. The U.S. attracts far more attention than the rest of
the world, so we must take all the time we need.

“As soon as we speak, the public’s attention will be on us,” I say.
“The whole world’s press is watching Harvey.”

“We have the observation data; we can concentrate on the
rainfall rather than the storm,” Geert Jan suggests, reminding us that
we conducted a similar study one year ago for a region very close to
Houston—a study on extreme rainfall in Louisiana in August 2016. In
the case of Houston, we simply have to shift our geographical focus
a little to the west. “It’ll take less than two days if we use the
American model; more time won’t change the result.”

“Yes, it will . . . maybe,” I answer back, pointing out that this time
we’re working with a different circulation system. “Time allows us to
find errors, to formulate our ideas carefully, and to apply several



different models. Plus, the storm hasn’t even finished yet—people
will still be interested in the role of climate change in two weeks’
time!”

Heidi agrees, making it clear that we have to be even more
careful than usual—even though we know that every day that passes
will give lots of people a platform to spread crude theories about why
Harvey happened.

Slightly disappointed, Geert Jan leaves us with: “This isn’t the last
time we’ll speak about the schedule . . .”

His discontent doesn’t last long—analyzing and updating the
observation data for Harvey is a truly exciting task. At least from
Europe, safely removed from the storm.

My task within the analysis is the climate models and, above all,
to ensure that the right simulations are available at the right time.
This proves more complicated than expected. While we do have a
regional climate model for the Gulf of Mexico over in Oxford—a
model that covers the entire planet’s climate system but simulates
Central America in four times the resolution—the simulations were
produced by a colleague in Mexico, which is why they are now
stored on a server in the state of Baja California. In the twenty-first
century it should be a breeze to transfer the data to Oxford, but all I
can do for the moment is send my colleague an email.

Our team decides that we need a hurricane expert, very few of
whom exist. One is Gabe Vecchi, who has spent many years
researching in the Geophysical Fluid Dynamics Laboratory at
Princeton, one of the most important research centers for tropical
storms. We worked with him a year ago when large swaths of
Louisiana were underwater.

We also need someone with access to the latest local
observation data—Antonia Sebastian of Rice University in Houston.
Our team is completed by Karin van der Wiel, who sits next to Geert
Jan in his office in De Bilt but has been working with Gabe in
Princeton for a long time.

Experts are important, but you have to know and trust them
before you can put them under time pressure—particularly in an



international team such as ours. We’ve learned the hard way just
how crucial trust can be.

By the end of our videoconference, our tasks are clearly
assigned: Geert Jan will contact Gabe, Karin, and Antonia. I will
speak to my colleague in Mexico and the IT team in Oxford as quickly
as possible. We need to transfer several terabytes of climate data to
Oxford; simulating hurricanes takes up a lot of memory.

As we wrap up the conference, our decision is made: Harvey will
be the subject of a World Weather Attribution study.

* Climate is simply long-term weather in an area, often determined using thirty-year
averages of weather observations.
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A NEW BRANCH OF RESEARCH
The Role of the Climate in Our Weather



 CHAPTER 1 

CAUSE AND EFFECT
How We Created Our Weather

PEOPLE LIVING TODAY are among the first to clearly feel the
consequences of a process that began 250 years ago in a Glasgow
laboratory. James Watt, a Scottish mechanical engineer and
inventor, concocted a new way of reducing steam and fuel
consumption in fire-powered engines. When he and his steam
engine paved the way for mechanical power and locomotives, they
awakened humanity’s voracious hunger for coal, oil, and natural gas.
Since then, billions and billions of tons have been extracted and
pumped from the ground to be burned in power plants and vehicles,
all the while heating up the Earth like a greenhouse.

Why We Need Greenhouse Gases

The Earth draws its energy from sunlight. However, only some of the
sun’s rays reach the Earth’s surface. Some of them—the UV
(ultraviolet) rays—are absorbed by the ozone layer. A round 30
percent a re reflected straight back into space from within the Earth’s
atmosphere or by the ice and other light surfaces on Earth itself. The
rest of the sunlight is absorbed by the Earth, which then heats up
and emits its own radiation. We cannot see this radiation, but we can
feel it in the form of heat; this is mainly infrared radiation. Again, this
is absorbed by the “greenhouse gases” in the air and reemitted in all
directions with less energy. The most important greenhouse gases
are water vapor, carbon dioxide (CO2), and methane. Some of the



radiation is thrown back to Earth, like a game of table tennis between
the Earth’s surface and greenhouse gases in which the energy
decreases with every point of contact. The molecules absorb some
of the radiation energy and convert it into kinetic energy. And that
can mean only one thing: the atmosphere grows warmer.

Greenhouse gases make the Earth’s atmosphere over 30°C
(54°F) warmer than it would be without water vapor, carbon dioxide,
and methane. Without greenhouse gases, most of the radiation
emitted by the Earth would return to space unhindered, and our
planet would be a pretty cold and uncomfortable place to live. We
need greenhouse gases.

As long as the proportion of greenhouse gases and solar
radiation remains constant, everything will be fine. The problem
starts when we burn huge quantities of fossil fuels, releasing more
and more greenhouse gases into the air that are able to absorb more
radiation—greenhouse gases like carbon dioxide. Unlike water
vapor, which leaves the atmosphere a few days after entering it in
the form of rain, carbon dioxide sticks around for hundreds of years.
To maintain the energy balance, the Earth has to warm up. We have
known that this is happening since 1896, when Svante Arrhenius
discovered the connection between global warming and greenhouse
gases.

Since 1776, the year in which King George III granted James
Watt patent number 913 for his steam engine, the Earth’s
temperature has increased by around 1°C (1.8°F). Carbon dioxide
emissions increased slowly at first and were then accelerated by
industrialization. Accordingly, the average global temperature rose
gently at first by just 0.2°C (0.4°F) to 1960. Today, it is 1°C hotter
worldwide. The hottest year on record was 2016, the second hottest
was 2017, and the third hottest was 2015, followed by 2018, 2014,
2010, and 2013. The seven hottest years have all taken place within
the last decade.

However, this additional 1°C on the global average is an abstract
measure. We don’t notice it directly, only its effects. To put it bluntly,
the change in the average global temperature isn’t killing anyone. At
least not directly. But its influence on the weather is.



The Face of Climate Change

This 1°C has major consequences for our weather. Because the
Earth’s atmosphere is connected via global circulation, temperatures
rise in almost every region on the planet. In the simplest case, the
temperature rises everywhere, the probability of heat waves
increases, while cold spells become less likely.

When the air becomes warmer, it can absorb more water vapor
before the water begins to condense and form clouds. The water
remains in the air and clouds for a few days. But if the relative
humidity exceeds 100 percent, it will fall as rain or snow. It’s a simple
formula: the more water the air absorbs, the more it rains. It’s like a
sponge; the larger it is, the more water it can soak up—and when
you squeeze it, it releases all this water. Our atmosphere is like a
constantly growing sponge.

The tropics demonstrate this well, as it generally rains much
more intensely there than at temperate latitudes. But we can see the
difference in Great Britain, for example, too; we simply have to
compare the seasons—summer rain is often much heavier (though
shorter and less frequent) than winter rain.

However, the Earth’s growing hotter does not mean that we will
all experience nothing but tropical downpours no matter where we
are. The quantity and intensity of rain is only increasing as a global
average; some places will get more rain, others less.

Rising temperatures and increased water vapor in the
atmosphere follow simple physical laws. We climate scientists refer
to the changes in weather that follow these laws as the
“thermodynamic effect.”

Climate change also influences the weather in another way.*
Greenhouse gases don’t just make the atmosphere warmer; altering
its composition by adding more carbon dioxide, methane, and water
vapor (as we have done) also changes the atmospheric circulation.

Essentially, circulation is the movement of air that we experience
as wind. It is created by the constant balancing of differences in
pressure and temperature. If you’ve ever blown up a balloon and let



it go without tying a knot in it, then you’ll know that higher and lower
pressure compensate for one another unless prevented by
something like the shell of a balloon. Differences in temperature
result from the fact that the Earth is more or less round and,
therefore, the equator gets more sun than the poles because the
sunlight hits the equator vertically and the poles at a sharp angle.
This temperature imbalance creates wind systems—“jet streams”—
that cover an entire hemisphere. They blow where cold and warm air
masses meet and are diverted and accelerated by the rotation of the
Earth. They blow all the time at high speeds and high altitudes.

And yet pressure and temperature also differ on a smaller scale:
air heats up faster over land than it does over water, and faster over
flat terrain than over mountains. Then we have clouds, which also
influence temperature and pressure. If we change all these factors—
the temperature, composition of the atmosphere, and cloud
formation (and we are changing them)—then we also alter the
circulation. We are therefore changing when and where areas of
high and low pressure develop and where they go, when and where
it rains, the strength of the wind, the season in which the wind blows,
and the direction from which it comes.

Other factors also play a role, such as how the land surface is
used and how it interacts with the atmosphere.

These changes have consequences. Today, hurricanes can
develop in regions where this was not previously possible. The
oceans are heating up, and in some regions the temperature
threshold at which the water becomes so warm that it provides
enough energy for a tropical cyclone to form has now been
exceeded for the first time. For centuries, we have experienced
weather in a stable climate—but with global warming, some of the
familiar patterns of rainfall, drought, and storms are being disrupted.

Among climate researchers, this effect of changing circulation is
known as the “dynamic effect.” While it also follows physical laws, it
is much more complicated to reliably simulate in climate models than
the thermodynamic effect.

These two effects always occur together, never in isolation;
however, since the dynamic effect in particular may vary wildly in



strength and impact, the effect on the weather can differ greatly. If
both warming and circulation change in the same direction, the
overall effect will be stronger and disaster may be looming. Some
regions experience more rain simply because the temperature of the
air has increased and it can absorb more water. But when more low-
pressure areas move into the region, bringing rain with them, the two
can combine to produce an awful lot of rain.

My fellow U.K. residents know what I’m talking about. When I
moved from Potsdam to Oxford a few years ago, I braced myself for
typically rainy British weather, but it took a while to materialize. Over
the last few winters, however, the south of England has experienced
precisely this dual effect: More low-pressure areas from the Atlantic
have brought more rain than would have been expected in pre-
industrial times. In addition, the warmer atmosphere has made the
rain heavier. The south of England has always experienced most of
its rain in winter, while snow is rare. However, climate change has
increased the probability of record rainfall such as that of January
2014, the wettest January since records began.1 And it often doesn’t
stop with the rain: the more that rain falls, the higher the risk of
flooding, particularly where houses have been built on floodplains.
And there are plenty of these areas in southern Britain. Thanks to an
ingenious flood system, Oxford was largely spared from floods that
winter—unlike the people living farther south. Large swaths of Devon
and Somerset in particular were transformed into lakelands.
Railroads broke away and were undermined by the water, isolating
these regions from the rest of the country for several weeks.

Equally, these two effects can take the wind out of each other’s
sails and have opposing impacts. While it may rain more on average
in the warmer atmosphere, the altered circulation may mean that
fewer low-pressure systems develop or that they enter a particular
region less frequently. Ultimately, everything remains the same and
the probability of wet winters or summers does not change, despite
the altered climate. For example, the flooding of the River Elbe and
the Danube in 2013 was not an extreme event that bore the
hallmarks of climate change.2



There is, however, a third possibility: the change in atmospheric
circulation is so strongly opposed to the thermodynamic effect that it
wins out over the thermodynamic effect. In other words, the
dynamics of when and where it rains change so much that certain
regions suddenly receive hardly any rain at all. It doesn’t matter that
the warmer air could hold much more water vapor and produce a lot
more rain; without the right flow of air, no rain clouds will form—and if
the land is already dry, no clouds will form locally. This explains why
the risk of drought can increase in some parts of the world even
though the world as a whole is growing wetter. For example,
southwest Australia has seen a dramatic decline in rainfall in the last
fifty years; this is partially due to climate change.3

Looking at the world as a whole, it is fairly easy to explain how
the climate can influence our weather. But of course, if a hurricane
develops and threatens thousands of coastal residents, nobody will
be interested in large-scale averages.

To date, nobody has systematically taken stock of the impact of
human-caused climate change. To do so, we need to step away from
large-scale averages and understand how climate change is
reflected in a specific drought, flood, or storm. In other words, we
need to make the connection between cause and effect, between
where people live and what they are experiencing right now. This is
now possible, but it requires laborious detective work.

Like all good detectives, we start not with the cause of an event,
but with its impact. By finding out what happened.

Reconstructing the Event

It might sound trivial, but—as we know from every good thriller—it’s
not that easy to reconstruct an event. When it comes to floods, it is
often not immediately clear where we should look at rainfall data.
When floodwater breaches riverbanks, we first need to determine
where the rain has actually fallen: Did it fall where the flooding
occurred, or farther upstream? Was the rain actually heavy, or has
someone simply failed to build a dam correctly? Or has the river



been straightened, meaning that floodplains cannot prevent entire
settlements from flooding? Was the entire season wet? Or was there
an exceptional downpour on a particular day?

Most countries in the world have some sort of weather station
network measuring temperature, rainfall, and air pressure every day.
Measurements have also been regularly taken from satellites since
1979. Both of these observation methods document weather around
the world and provide us with the data we need for our work.

Only once we have established the “what” can we begin to
identify the causes. As a climate researcher, I frequently find myself
grappling with seemingly mundane weather and not with the global
climate. After all, a detective who investigates only the social causes
of crimes will not be able to identify individual offenders—although
the broader perspective may at least prove helpful in creating
offender profiles.

Our cases are quite a bit more complex than those of the TV
detectives; they are not scientists, and murders are usually
committed by just one person. In contrast, every weather event has
various causes and results from the interplay of local, regional, and
global factors that differ every time. These may include very dry local
ground, a volcanic eruption that blocks out the sun with a cloud of
ash (temporarily altering the climate of a region or even the entire
world), and climate change that impacts the whole planet. None of
these factors will trigger an extreme weather event by itself, and no
weather event will occur again in the exact same form. To extend the
metaphor, we are usually faced with a whole host of offenders, each
extremely willful and with the unpleasant ability to change course
whenever they fancy.

Yet some factors play a greater role than others. Climate change
increases the probability of heat waves in the Mediterranean region.
The “Lucifer” heat wave of summer 2017, which enveloped southern
Europe in dry heat of over 40°C (104°F), provided our team with a
particularly good example. Climate change has made this kind of
sweltering heat at least ten times as likely; our best estimate
suggests almost one hundred times as likely. If a heat wave like this
were to be expected every hundred years without climate change,



we can now expect it to happen every ten years or less with climate
change.

We Define Extreme Weather

It may sound surprising, but there is no general definition of extreme
weather. Whether an event counts as extreme depends greatly on
the damage it inflicts on a region and how well prepared or
vulnerable the region is—and where these vulnerabilities lie. In other
words, there are no right or wrong definitions. There are only
definitions relevant to the decisions that various regional planners
must make to prepare for the weather of the future.

Like a sculpture, an extreme weather event can be viewed from
multiple perspectives. Take the Serbian heat wave of summer 2012.4
By defining the heat wave using summer temperatures, we
calculated that it was made approximately ten times as likely by
climate change. If, however, we define it as heat stress—
incorporating the relative humidity—then it is only twice as likely. The
humidity has therefore changed much less, and the heat stress
(which takes humidity and temperature into account) is increasing
more slowly than the temperature alone.

Absolute temperatures are likely to be crucial for farmers, who
might be wondering whether they can continue to plant corn if June
temperatures are more and more likely to exceed 40°C (104°F).
Meanwhile, a cardiologist will focus on how heat affects the human
body.

How we define an event determines the conclusions we reach.
But just because a conclusion is different does not mean it is
incorrect: for every definition, there is a correct answer. Given the
usual inaccuracies of measurements and the fact that no climate
model is perfect, we will only be able to find this answer with a
certain degree of confidence, one that will be greater when we have
good models and high-quality observations. So while there is no
single true and correct definition of extreme weather, there are
meaningful and less meaningful definitions depending on how



important various aspects of a weather event are for our lives. If we
want to determine the role of climate change, we must therefore
begin by clarifying what extreme weather actually is and why the
event is important for us. In the case of Hurricane Harvey, we began
by asking ourselves these same questions: What kind of storm is it?
Which of its characteristics are important for us? Let’s get to work.

Day 4

On Monday, August 28, 2017, a sea breeze blows through the nave
of a small church in Rockport, Texas, a town of ten thousand
residents on the Gulf of Mexico named for the rocky overhangs at
the waterfront. The community was supposed to be holding a
weekend fair here. But half the church is missing. After making
landfall on Friday evening, Hurricane Harvey swept over this idyllic
coastal town with a mild climate and ripped the building apart.

Inside the church, wooden and steel struts stick out in all
directions. The tiles are missing from the roof and foam spills out of
the concrete blocks seemingly dumped in front of the church. Gusts
of wind up to 130 miles per hour have shattered the houses of
Rockport and brought rain that has turned freeways into lakes. Boats
have been washed ashore, power lines have snapped, and the
power supply is down. Dozens of residents have been injured and
one has lost their life.

In the meantime, the U.S. National Hurricane Center has
downgraded Harvey to a tropical storm. But Harvey simply alters its
strategy of destruction, coming to a virtual standstill and lingering
over the coastal city of Houston. In the space of three days, the
storm releases more rain than has ever been recorded here in such
a short period.

There is no end in sight, at least not a swift end. Moist, warm air
over the ocean continues to provide the storm with energy, with no
inland wind to drive it away. Already very extreme, this weather event
is well on its way to escalating even further and becoming a “black
swan”—a term used by meteorologists for a highly unlikely,



unprecedented, but not impossible event. An event expected to
occur every ten thousand years or even more rarely.

It is Day 4, and we still do not have a complete event—it has
begun, yet it persists. Harvey is not yet history and continues to draw
the world’s attention. In fact, the attention grows day by day as the
storm becomes a hurricane, then a meteorological phenomenon,
then a disaster for Houston. The U.S. media are already beginning to
speculate on the causes. Most of the headlines still have question
marks: Is it climate change that has made Harvey so terrible?

However, some media outlets have already committed
themselves—some speak of a clear connection,5 while others (like
Fox News) broadcast entire programs without mentioning the words
“climate change” even once.6

This puts us under greater pressure. The world is not waiting for
us—except for Harvey, who definitely seems to be waiting over
Houston. We need a plan and we need it fast, even though the event
has not yet finished. At least we have a relatively reliable forecast.

First we need to decide which of Harvey’s characteristics we can
consider. It would of course be best to analyze Harvey as a whole
and to make its wind speed the basis of our study. But we have
never analyzed hurricanes before, and with good reason: hurricanes
are complicated, and to this day it remains virtually impossible to
realistically and reliably simulate all the key variables in climate
models. The observation data have only been viable since the
satellite era. And the climate models that exist are not necessarily
suited to simulating this kind of extreme weather.

We therefore need to find a compromise between what is actually
happening and what we can reasonably research. Rather than the
actual storm, we concentrate on the rain it is causing and use this as
the basis for our analysis. In other words, we ignore the storm and
consider only the rain it brings. After the experiences of these first
few days, this approach seems entirely appropriate: while the storm
itself has undoubtedly caused damage, it is becoming increasingly
apparent that it’s the immense quantities of rain submerging Houston
that are turning Harvey into a disaster.



The scenario is ideal for scientists like us. For this type of
extreme rainfall, we have the right models and sufficient weather
data dating back over one hundred years. One year ago, we studied
rainfall in a region of Louisiana just 199 miles from Houston.7 Here
too we analyzed solely rainfall, regardless of whether it was triggered
by hurricanes, tropical low-pressure areas, or other meteorological
processes. After all, when the focus is on the damage meted out by
such extreme rainfall, the meteorological causes are irrelevant.

Restricting ourselves to rainfall does not render our work trivial.
This pragmatic step speeds up our search for the cause—or helps it
seem a little less impossible.

So our work can begin. But the world wants answers now. In the
early afternoon, I receive a call from Karl Mathiesen, editor-in-chief
of Climate Home News, one of the world’s leading climate news
portals.

He asks me to write a guest article so that a scientific voice can
be heard amid the sea of information and sensation surrounding
Harvey. I now find myself in the exact same position as my climate
research colleagues who have to give statements about extreme
weather while lacking sufficient facts to draw conclusions for a
specific event—and whose unsatisfactory answers I have definitely
criticized in the past. I demur, saying that I am not a hurricane expert
and have no concrete results. But Mathiesen doesn’t let up, and in
the end I agree. I want to counter both the alarmist tone of some of
my colleagues and the message that weather events cannot be
linked to climate change.

I write down what we are currently able to say about Harvey.8
When the oceans become warmer, the conditions improve in which
hurricanes can form. Warmer water provides the cyclone with more
energy and gives it more power. However, climate change also
influences hurricanes in another way: in a warmer atmosphere, the
differences in vertical wind shear increase. This means that the
horizontal wind on the underside of the storm moves at a totally
different speed from the horizontal wind further up. If this difference
is greater than 32 feet per second, the cyclone that forms the



hurricane cannot keep going and the hurricane loses power. Climate
change strengthens both the ocean temperature and the vertical
wind shear—the main reasons why hurricanes develop and collapse.

In a specific case, it is therefore not immediately clear whether a
warmer climate makes a hurricane more likely. Or whether Harvey
and its deluge of rain are a taste of what Houston can expect in the
future—only a targeted research study can answer that one. I also
point out that we expect more intensive rainfall in a warmer climate.
How much more depends on how the circulation changes. And that’s
what we’re working on. We want to provide clarity, to help counter
the powerful interests that have spent years trying to do the exact
opposite: cause confusion.

* Global warming is the increase in the atmospheric temperature and its consequences,
while climate change also includes the effects of greenhouse gases directly. In other
words, global warming is part of climate change, but climate change may manifest in
many ways other than warming.



 CHAPTER 2 

SOWING THE SEEDS OF DOUBT
Climate Change Deniers

IT DIDN’T TAKE Barbara Underwood long to settle into her new role as
attorney general of the state of New York. Six months in, on October
24, 2018, she took on possibly the biggest opponent of them all,
filing a lawsuit against the world’s largest market-listed oil company.1
Based on three years of investigations, the ninety-seven-page
indictment alleges that ExxonMobil spent decades deliberately
deceiving investors and the public about the dangers of climate
change. It states that while ExxonMobil has long known about the
consequences of global warming and has even helped to drive
research in this field, it continues to downplay the risks of climate
change to the outside world—and that this is not classified as
freedom of speech.

“Investors put their money and their trust in Exxon,” said
Underwood.2 She asserted in a statement that ExxonMobil “built a
facade to deceive investors into believing that the company was
managing the risks of climate change regulation to its business
when, in fact, it was intentionally and systematically underestimating
or ignoring them, contrary to its public representations.”3

There is a lot at stake for ExxonMobil; it could be sued for
hundreds of millions of dollars and its image could be seriously
damaged.4

Al Gore (Nobel laureate, former vice president of the United
States, and part of the alliance of plaintiffs) compared the case to the



1990s action against the tobacco industry, which had denied the
risks of smoking for decades.

It may be time for the oil company to pay for the strategy it has
pursued for almost four decades.5 At the end of the 1970s, a serious
problem was revealed: Exxon (as the corporation was known until its
1999 merger with Mobil) had commissioned scientists to conduct
studies focusing on the link between oil production and “climate
change,” a process that had recently become a hot topic.

On August 24, 1982—exactly thirty-five years before Harvey was
upgraded from a tropical storm to a hurricane and we began our
study (which would also link indirectly to ExxonMobil)—a meeting
was arranged for 9 AM at the Texas headquarters of the multinational
oil company. Andrew Callegari, an engineering mechanics specialist
at New York University, had prepared a presentation for the
management with two “Topics to Be Discussed”:
• CO2 greenhouse effect
• Corporate research climate modeling6

Callegari went on to explain how burning fossil fuels heats up the
planet. In addition to higher temperatures, rainfall patterns could shift
and coastal sea levels could rise. He also included a forecast for
Exxon’s representatives (including some from the PR department):
the first effects of climate change would make themselves known by
the year 2000. Assuming Callegari was referring to our weather, he
was not far off.

The corporate representatives had heard similar things from
other scientists, but never so explicitly. What this university
researcher was telling them was tantamount to an existential threat.
A threat to the livelihoods of many people, but also—and this may
well have caused greater concern at the company headquarters—to
its business model. The company had to take action.

Three years previously, Exxon had begun to trial a strategy that it
would stick to for decades. It would bring scientists like Callegari into
the company fold, allowing them to research the consequences of
burning oil and gas for the global climate and develop hundreds of
studies together with other scientists. This would establish the



company’s image as a credible partner in upcoming discussions with
legislators and governments. But these studies, analyses, and
internal papers were just the start. The corporation took a two-
pronged approach and launched a publicity campaign with one goal
above all else: to spread doubt.

In addition to commissioning studies that largely acknowledged
human-caused climate change, the corporation placed
advertisements in newspapers. The most important appeared in the
New York Times, the leader of the American press. From 1979 to
2001, Exxon paid to advertise every Thursday at the discounted
price of $31,000 per ad.

However, the messages published did not reflect what Callegari
and the other in-house scientists were saying in their studies. A
typical advertisement from 1997, shortly before the Kyoto Protocol
was adopted and industrial countries committed to protecting the
climate, stated: “Scientists cannot predict with certainty if
temperatures will increase, by how much and where changes will
occur . . . Let’s not rush to a decision at Kyoto. Climate change is
complex; the science is not conclusive; the economics could be
devastating.”7

Again and again, these advertisements speak of gaps in
knowledge, of a high degree of uncertainty, and unproven theories.
And yet scientists reached a consensus in the early 1990s at the
latest that human-caused climate change was already in full swing,
could not really be reversed, and required major international effort
to halt its progress.

In 2017, two Harvard scientists worked their way through 1 87 E
xxonMobil documents and examined the company’s climate
communications between 1977 and 2014. They write that “the
predominant stance taken in ExxonMobil’s advertorials is ‘Doubt.’”
Given the discrepancy between the communications and studies,
they conclude that “ExxonMobil misled the public.”8

For a long time, businesses focused almost exclusively on
traditional lobbying, ignoring public opinion. However, corporate
leaders—particularly in the tobacco and oil industries—realized that



it can sometimes be much more effective to influence public opinion
and shift the perspective on controversial topics. Access to power is
of little use if politicians striving to stay in office value polls and
media reports more highly than the opinions of economic insiders.

Alleged Experts and Conservative Think Tanks

In the case of climate change, the main strategy employed by energy
corporations like ExxonMobil is to cast doubt on the value of
environmental regulations. They do this by bombarding the public
with wild claims: Earth isn’t getting warmer—and if it is, maybe that’s
a good thing. Or at least that it’s not caused by humans, but the
result of increased solar activity. If you repeat such falsities long
enough, at some point they will take root in people’s minds.

These claims are most effective if they are made not by the
corporations themselves, but by alleged experts who are being paid
for their services. A study by researchers at the University of Central
Florida states that “the central tactic employed by CTTs [conservative
think tanks] in the war of ideas is the production of an endless flow of
printed material ranging from books to editorials designed for public
consumption to policy briefs aimed at policy-makers and journalists,
combined with frequent appearances by spokespersons on TV and
radio.”9

Since the early 1990s, think tanks like the Competitive Enterprise
Institute and the Heartland Institute have been leading the
movement against global climate protection. In a television
advertising campaign, the Competitive Enterprise Institute claimed
that glaciers are growing, not melting, and had the following to say
about carbon dioxide: “They call it pollution. We call it life.”10 A few
years ago, the Heartland Institute attempted to have global warming
removed from public school curricula.11 It also claimed that global
warming is natural and compared climate scientists to mass
murderers.12

Armed with millions of dollars from oil corporations and
conservative foundations,13 this legion of climate change deniers has



succeeded in drawing a disproportionate amount of attention to a
small number of paid, often nonspecialist “experts” who hold a
minority view within climate science. In the U.S. at least, this is a
huge movement, not just the preserve of a few crackpots who
happen to be in government. This isn’t just a dispute between a few
climate scientists and a few diehards; this is a cultural struggle
dividing the U.S.14

Climate change deniers have more power in the U.S. than
anywhere else. They are deeply rooted in the conservative
movement that developed in the late 1960s in opposition to the
peace and civil rights movements and now focuses mainly on
opposing abortion, gun control, and the welfare state. The fight
against national environmental laws and global climate regulation
blends in seamlessly, fueled by fears of state interference in
personal lives, and of losing sovereignty, economic strength, and the
domination of the global North in the distribution of wealth and
power.

Considerable numbers of people in the U.S. and other countries
reject the basic findings of climate science because they conflict with
their worldviews or their core conservative beliefs—at least
according to Stephan Lewandowsky.15 A psychologist based at the
University of Bristol, he has been studying this topic for some time
and sees the denial of climate science findings as the brain’s
defense mechanism to protect one’s own identity.

After the Intergovernmental Panel on Climate Change (IPCC) was
formed in 1988 and environmental protection became a global
phenomenon at the 1992 Rio Earth Summit, the conservative
movement organized a large-scale counter-movement with climate
research as its mortal enemy. As the University of Central Florida
researchers state in their study, “the sceptical position is strongly
aligned with conservatism and the economic interests it
represents.”16

By striving for balanced reports and equal scrutiny of both sides,
journalists actually play into the hands of those seeking to
manipulate opinion at the expense of facts. Treating the existence of



human-caused climate change as a controversy rather than a fact
provides a platform that climate change deniers should never be
given.

This doubt has even infiltrated the established, left-leaning media
—particularly since the 2008 financial crisis, when many journalists,
including science editors, were made redundant. At CNN, for
example, responsibility for climate topics suddenly fell to weather
presenter Chad Myers. In December 2008, he declared: “You know,
to think that we could affect weather all that much is pretty
arrogant.”17

The U.S. is not alone in this issue. In Great Britain too, renowned
scientists have increasingly found themselves sharing a stage with
deniers whose only qualification is to have an opinion. In March
2018, the BBC was officially reprimanded for repeatedly providing a
platform to notorious climate change denier Nigel Lawson without
contradicting his lies on climate change or making clear that he was
in no way an expert. In doing so, the BBC broke the rule that “news, in
whatever form, must be reported with due accuracy and presented
with due impartiality.”18

The German media are not immune to doubting climate change
either. After Fritz Vahrenholt, former Hamburg environment senator
for the Social Democratic Party (SPD), published his book Die kalte
Sonne (The cold sun)—which challenges human-caused climate
change—the Bild newspaper published an article entitled Die CO2-
Lüge (The CO2 lie). And this was not an isolated case.

After many years, environmentalists and climate researchers
have also learned some lessons and have succeeded in prizing
open the united front presented by energy corporations as they
reject environmental protection. With negative campaigns and a call
for boycotts, they have convinced some managers that there can be
advantages to considering the environment. How? By taking aim at a
company’s most important currency: trust. If its public image is
damaged, then its business will be too. And that can bar it from
access to politics.



Following the ratification of the Kyoto Protocol in 1997,
multinational oil companies like BP and Shell withdrew from the
network of climate change deniers, started to invest millions in green
energy, and publicly announced that they would be reducing their
greenhouse gas emissions; meanwhile, Exxon continued to brace
itself against any form of change. Leaked government documents
revealed that the corporation even persuaded President George W.
Bush to turn his back on the Kyoto Protocol.19 Writing in the New
York Times a few years ago, Paul Krugman (Nobel laureate in
economic sciences) described ExxonMobil—not wholly inaccurately
—as an “enemy of the planet.”20

Since then, however, even ExxonMobil has changed course—
with some delay and with pressure from the public and its investors.
After Rex Tillerson became chief executive of ExxonMobil in 2006,
he canceled all direct contributions to climate-change-denying think
tanks, invested in green energy projects, and even called for a
carbon dioxide tax. This (largely cosmetic) realignment removed the
company from the firing line of the international climate movement
and allowed it, if not to obstruct climate protection measures, then at
least to help shape them and even tailor them to its needs.

At least officially, energy corporations have dropped the line held
by many conservative think tanks, which continue to seek
confrontation. This explains why, in his brief spell as Trump’s
secretary of state, Rex Tillerson was one of the few cabinet
members who did not want to withdraw from the Paris Agreement.

Let’s make one thing clear: the world needs energy. And until we
have sufficient renewable energies at our disposal, we will not be
able to do without oil and gas, alongside nuclear power. But the
equation is simple: to restrict global warming to 2°C (3.6°F), to keep
climate change within a range to which we can perhaps still adapt,
we must not exploit and burn more than one-third of known fossil
energy reserves by the middle of the century (according to forecasts
by the International Energy Agency).21 With the Paris Agreement,
every nation on Earth committed itself to reducing its greenhouse
gas emissions to net zero in the second half of the century.22



American climate change deniers have attempted to expand their
influence in countries like Germany too. At its annual conference on
November 9, 2017, at Düsseldorf’s Hotel Nikko, EIKE (European
Institute for Climate and Energy)—an association that rejects climate
change—featured as its guest speaker Marc Morano, perhaps the
most offensive manipulator of information on climate change. Now a
PR manager, Morano was once a spokesperson for James Inhofe,
then chair of the U.S. Senate Committee on Environment and Public
Works. He now works for the Committee for a Constructive
Tomorrow, a climate-change-denying think tank based in Washington
with a subsidiary organization in Jena, Germany. To applause from a
very gray and male audience, Morano proudly declared that the U.S.
is the only country in the world to reject the “21st-century witchcraft”
of the United Nations.23

EIKE is also supported by politicians from established parties,
including the aforementioned Fritz Vahrenholt, who once worked for
Shell and RWE (the German electric utilities company). Denying
climate change is not the preserve of the far-right Alternative for
Germany (AfD) party; such views can also be found in the Christian
Democratic Union (CDU). The right wing of the CDU, which has
dubbed itself the “Berliner Kreis” (Berlin Circle), declared in June
2017 that the causes of climate change are not yet understood, but
that it was unlikely that the greenhouse effect played a solitary
role.24 Led by CDU parliamentary representatives Sylvia Pantel and
Philipp Lengsfeld, the group claims that the climate has always
changed and that the greenhouse effect is just one of several
contributing factors along with solar activity, the Earth’s position
relative to the sun, volcanic eruptions, and meteorite impacts.
According to them, the consequences of climate change are “far
from proven.” This reflects the earlier rhetoric of German energy
companies: as recently as 2006, in a legal battle with Greenpeace,
RWE described climate change as the “subjective perception of an
assumed threat that is neither concrete nor current.”25

Today, energy company executives have tailored their language
—without giving up their business model, of course. They are simply



shrewder, speaking less about climate change and more about jobs
and business locations. And it’s proving a great success: in contrast
to countries like Great Britain, Germany’s coal-fired power plants
have continued to operate without restriction for many years, despite
the country’s energy transition. Today, the coal industry employs just
tens of thousands of people—and while each job is undoubtedly
important, it hardly justifies allowing climate change to advance
unchecked. There’s also the matter of continuing to employ people in
an industry whose time is running out. Is that really the right thing to
do? After all, nobody is seriously asserting that the coal industry has
a future. After years of waiting and hoping for the best, in early 2019
a German coal commission set out a plan to decommission the last
coal-fired power plant by 2038 at the latest.

Energy companies and conservative climate change deniers may
have enjoyed long-lasting success—particularly in the U.S.—in
preventing the public from seriously reflecting on the real dangers of
climate change, but their strategy has now reached its limits. Thanks
to the weather.

As long as climate change was seen as an abstract
phenomenon, it was easy to portray climate science in a bad light
and obstruct climate protection laws using false information. Now,
however, there is no denying that something is changing on our
planet. We can see and feel the consequences of global warming.
Heat waves, floods, and droughts are robbing people of their homes,
their jobs, and even their lives—and not just in developing countries
in Africa and Asia, but also in industrialized nations like the U.S.
Whatever the country, the poorest suffer the most; they live where
housing is cheap, but also precarious, and feel the effects of even
slight climatic changes.

The impact of climate change on our weather can no longer be
denied. However, the idea that this impact can be proven in
individual weather events is new and nowhere near as indisputable
as climate change itself. This explains why the weather is the perfect
setting for a proxy war between wide-ranging interests—a war in
which energy companies and conservative movements bring their
political allies into play, just like the environmentalists on the



opposite side. Every cyclone and heat wave has become a
battlefield, both sides contriving scenarios of conflicting extremes
that wildly underestimate or overestimate the role of climate change
depending on their beliefs.

Climate Researchers in the Crossfire

Of all people, climate scientists have barely entered the fray. Fossil
fuel energy companies and climate change deniers probably couldn’t
believe their luck that the one group of people who could have
stopped them from putting their own spin on cyclones, heat waves,
and floods were silencing themselves by not commenting on the
weather.

There were reasons for this cautious approach. In the U.S.,
climate researchers have been pilloried, attacked, and discredited in
the media. James Inhofe, an eighty-four-year-old Republican from
Oklahoma who (with the exception of a few years) chaired the U.S.
Senate Committee on Environment and Public Works from 2003 to
2017, repeatedly invited climate scientists to hearings only to have
them engage in discussions with supposed experts who denied the
existence of human-caused climate change. Inhofe even called
science fiction author Michael Crichton as a key Senate witness
against climate change.

The campaign against climate scientists peaked in November
2009, when persons unknown hacked the University of East Anglia’s
server and made more than one thousand private emails and
another thousand documents from scientists available online.
Quotes were taken out of context and used to stir up a supposed
scandal that was dubbed “Climategate,” giving the impression that
researchers had made climate change seem more dramatic that it
really was.

The scientists were later acquitted by several institutions, which
confirmed that there had been no scientific misconduct. But the
damage had been done—just before the Copenhagen climate
conference, which was supposed to be a breakthrough for a global
climate contract but failed spectacularly.



Many American climate researchers have thus grown used to
censoring themselves and carefully weighing every word. My
generation of scientists is the first to have experienced “Climategate”
only through newspaper reports and the recollections of older
colleagues. We have a more relaxed relationship with journalists and
the public—with exceptions on both sides, of course.

Many climate scientists still try to avoid public statements,
preferring to conduct discussions in the safe environment of scientific
journals, a world totally incomprehensible to most laypeople. These
scientists restrict themselves to repeating IPCC statements when
called upon to speak publicly, and with good reason. The IPCC has
succeeded in doing what climate change deniers have spent a lot of
time and money trying to prevent: since it was founded in 1988, the
IPCC has published regular overviews of the status of climate change
research, including causes, effects, and possible solutions. It is
important to note that all IPCC authors are scientists working outside
their regular jobs unpaid, and that the reports include only
statements verified by multiple studies in specialist journals.
Contradictions between research results are mentioned. What
makes the IPCC reports different from all other summaries and
overview articles is that they must be reviewed by the government
representatives of the 195 countries in the IPCC and approved in a
meeting before publication. This ensures that the statements made
in the reports are as scientifically watertight as possible to provide
government representatives with a sound decision-making basis.
The crucial factor is that the IPCC does not make policy, and its
reports do not contain any specific political proposals. The IPCC is a
unique body that represents science but is above science. So there’s
a lot to be said for sticking closely to what the reports say.

However, the whole process—from determining the contents to
publishing the report—takes around seven years. These reports
have not yet said anything about specific weather events. This
makes scientists particularly cautious when it comes to discussing
the weather; they would be leaving their safety zone and opening
themselves up to attacks.



But times have changed. The most recent IPCC report from 2013
was the first to state that it is now possible to attribute specific
weather events to climate change. In 2015, through the Paris
Agreement, every country on the planet acknowledged that climate
change has already caused damage and loss, damage largely
caused by extreme weather, as the specialist literature shows.

This is why our team wants to put climate science on the
offensive, rather than the defensive. We can state whether and to
what extent climate change is manifesting in our weather. We can
stand up to the energy companies and mercenaries of doubt.

We already have a complete inventory of greenhouse gases, of
how much has been emitted when and by whom.26 Scientists are
constantly updating this inventory on the causes of climate change,
allowing us to work out a country’s or company’s historical
contribution to greenhouse gas emissions. We also know what these
emissions mean for the average global temperature—and can
express it in very precise figures. For a long time, making specific
statements on the effects of global warming required a great deal of
maneuvering.

Today, we can complete the chain of causal evidence and create
a basis on which to hold oil giants accountable and fairly distribute
the burden of climate change. If we are quick enough, we can
participate in the discussion while an extreme weather event is still
occurring and cut short the proxy war (both sides are as irrational as
they are emotional) with facts that provide clarity and carry explosive
political power.

Day 5

It’s raining. Unbelievable quantities of water are engulfing the city of
Houston. Entire streets and hundreds of thousands of houses are
submerged in brackish water. No other storm in the history of the
U.S. has ever brought so much rain.27 The Houston NWSO (National
Weather Service Office) weather station measures 41.07 inches in
three days. For comparison, my hometown of Kiel in northern



Germany (which doesn’t exactly lack rain) gets around 27.5 inches
per year; Washington, D.C., gets 40.8. To adequately illustrate the
quantity of rain, the U.S. National Weather Service has to add two
new shades of purple to its weather maps.28

It almost seems as though these clouds were magically drawn
here, to release torrents of rain and turn the world’s attention to the
place where U.S. oil production began more than one hundred years
ago,29 where the soil conceals one of the world’s largest oil reserves.
At the start of the twentieth century, just 124 miles east of Houston,
Anthony Francis Lucas stood on a hill. An engineer and Austrian
migrant, he had spent weeks using a steam engine to drive mud into
the earth and coax out the black gold he believed it to contain. His
efforts seemed in vain until January 10, 1901, when an explosion
shook the shaft and mud gushed from the well seconds later,
followed by a black-green jet shooting out of the drill tower some 160
feet into the air.

Tapping the largest oil field in the U.S. ushered in a new era. Oil
production soared throughout the country with the Gulf Coast as its
center. Soon 285 drilling sites peppered the Texas hill known as
Spindletop, and many new oil firms came to loggerheads. One of
those was the Humble Oil Company, known today as ExxonMobil.

It would be truly symbolic if we were to establish that climate
change had played a part in the torrent of rain over Houston, so
close to the birthplace of perhaps the most powerful oil corporation in
human history, the oil corporation that has done more than any other
to sabotage climate protection measures. A freakish link between
cause and effect.

The continuing rain in Houston prevents us from saying whether
this is a hundred-year flood or thousand-year storm. To be absolutely
certain and not rely on forecasts, we need to wait until the event is
over. But that doesn’t mean we have to sit and twiddle our thumbs.
We look for computer models capable of simulating the rain in this
region. One key climate model, a computer simulation of the
atmosphere, is stored on the server in Mexico, and I’m still waiting
for a response to my email. We are also waiting for the Geophysical



Fluid Dynamics Laboratory at Princeton University to permit us to
use another model. We’ve already tested one model successfully. If
we can do the same with a second, then we’ll be much closer to a
study.

While we are waiting to determine whether climate change is
partly to blame for the downpour in Houston, ExxonMobil goes on
the offensive: CEO Darren Woods announces that the company will
be donating half a million dollars to the Red Cross to support the
rescue work in Houston and the people living on the Gulf Coast. “Our
thoughts and prayers are with the residents of Texas and Louisiana
Gulf Coast communities currently in the path of Hurricane Harvey,”
the company declares in a press release. “We hope our contributions
will help provide comfort to our friends and neighbors in areas
impacted by the storm.”30

Among others, the Heartland Institute—the think tank that
received long-standing payments from ExxonMobil—issues a press
release: “In the Bizarro world of the climate-change cultists—though
it has been nearly 12 years since a major hurricane has hit the
United States—Harvey will be creatively spun to ‘prove’ there are
dire effects linked to man-created climate change, a theory that is
not proven by the available science.”

It continues: “Facts do not get in the way of climate-change
alarmism, and we will continue to fight for the truth in the months and
years to come. But this weekend, our focus and our prayers will be
with the people of Texas.”31

And yet the media barely mention climate change. A few days
later, an analysis by the nonprofit organization Media Matters for
America will show that ABC and NBC, two of the three major
broadcasting companies in the U.S., did not mention climate change
at all.32 Only CBS discussed a possible link between Harvey and
global warming and allowed climate scientists to have their say.
These scientists pointed out that the oceans are warming up—and
therefore providing more fuel for hurricanes like Harvey—but also
that relative humidity is increasing, which can lead to greater rainfall.



Some climate scientists have already voiced their opinions.
“There are certain climate change–related factors that we can, with
great confidence, say worsened the flooding,” declares Michael
Mann of Pennsylvania State University. “Harvey was almost certainly
more intense than it would have been in the absence of human-
caused warming, which means stronger winds, more wind damage
and a larger storm surge.”33

There is already speculation that Harvey may have caused $190
billion in damage, making it the costliest storm in the history of the
U.S.34

But is it only climate change that has made it a disaster? After an
initial analysis of the observation data from the weather stations, we
are very certain that this is a truly extreme event. In the last hundred
years, this region has never seen anywhere near as much rain in
such a short period. With the aid of statistical models, we are now at
least able to say that a weather event like this is so unlikely that it is
to be expected less than every nine thousand years.



 CHAPTER 3 

REVOLUTION IN CLIMATE SCIENCE
Turning the Field on Its Head

I ALMOST MISSED ONE of the most important meetings of my career—a
meeting that would launch our project to attribute extreme weather to
climate change in real time—and for the stupidest of reasons.

On a sunny day in December 2014, I sat in a Starbucks in San
Francisco with Myles Allen, my boss at the time, looking out onto the
left side of Fourth Street. We each held a cup of coffee that was
slowly going cold. Heidi Cullen should have been here half an hour
ago. Our curiosity had been piqued when she contacted us to say
she had a proposal. And so we had absented ourselves for a few
hours from the world’s largest conference of geosciences and
climate sciences, which every December saw climate researchers
descend on San Francisco.

Although she has a doctorate in oceanography, Heidi is not part
of this group and is not a climate scientist. She was working for the
nonprofit organization Climate Central in Princeton, which aims to
provide television weather presenters with information on climate
change that their audiences will understand. Back then, climate
researchers were still giving the topic of “weather” a wide berth, so it
stood to reason that she would ask my boss for a meeting and make
a special journey to San Francisco.

In 2003, Myles had published an article in the high-impact
scientific journal Nature in which he described for the first time how
extreme weather events could be attributed to climate change.1 He



followed through with the idea one year later when he and
colleagues from the British Met Office and Oxford studied the
European heat wave of 2003, concluding that climate change had
made it twice as likely. Myles had invented the method for attributing
weather events—but it was Heidi who would help us to turn
traditional science completely on its head.

Wondering whether to leave or order another coffee, we finally
noticed another Starbucks a little farther north on the other side of
the street. Rushing over, we saw Heidi’s blond hair through the
window. The overwhelming number of Starbucks branches in
American cities had almost cost us the first meeting of our branch of
research!

American through and through, Heidi turned on the charm and
lavished us with praise for our pioneering work. Then she asked the
crucial question: Could we see ourselves working a little faster?

That’s not quite how she put it, of course. But that, essentially,
was what she wanted to know.

Heidi and her team had been advising weather forecasters and
journalists for years, and their way of working had long since
become second nature. The weather is constantly being predicted.
Every country has its own weather service. Private weather services
sell their forecasts to radio and TV stations but also to insurance
companies, electricity providers, and hedge funds. The latest
weather report is published as soon as it is ready. Nobody demands
that each forecast be scrutinized at length to determine its scientific
quality. Weather forecasts are not a scientific activity, but climate
research is. Although weather services and climate scientists use the
same models, weather services do the exact same thing every day,
while climate scientists ask many distinct questions, constantly use
new and different methods, and find that the answers can differ
greatly when it comes down to the details. In short, we conduct basic
research and weather companies perform a service, always based
on the same principle. Now Heidi was relying on us to speed up the
normally lengthy route from research to operations.

As we drank our second coffee in San Francisco, she at least
seemed confident that we could bend our work to meet journalists’



schedules without losing the support of the scientific community; the
latter would indeed prove challenging.

But on that December day, we let ourselves be won over by her
idea, by the concept of “World Weather Attribution,” even though it
would be radically different from the way that scientists usually
worked. However, it would be some time before the project bore this
name and really took off.

Scrutinizing a Core Principle

The peer-review process is one of the most important elements of
science. Before articles are published in scientific journals, they must
be reviewed by independent experts from the field in question. This
scientific standard has been established over hundreds of years
following the publication of the first scientific journal in Paris on
January 5, 1665. The twelve-page, French-language Journal des
sçavans reported on the latest literature and scientific findings. For
example, the first issue contained an article on Descartes’s Treatise
on Man.

Naturally, peer review does not prevent all incorrect results,
flawed methods, and false conclusions from being published, but it
does protect against charlatans and has made modern research
possible. It is crucial, though extremely slow.

It usually takes one year from submission to publication. If we
aimed to publish an attribution study in the traditional scientific
fashion, a year would pass before the public could find out whether a
heat wave—with all ensuing deaths and crop failures—was caused
by climate change and to what extent. By that point, the next
summer would probably have come and gone, either cool and rainy
or perhaps even hotter than the year before. Or there might be a
hurricane on the other side of the world commanding everyone’s
attention. Whatever the case, very few people would still be
interested in the high temperatures of the previous year.

Not only that, but a year would have passed in which our
information could have proven useful. There is a huge difference
between a one-off event and heat levels that will occur regularly



thanks to climate change. If the event is likely to reoccur, it will be
worth the effort for cities and villages to adapt to higher
temperatures; for example, authorities can let people know where to
go to cool off and can invest in public water dispensers.

The faster we are and the earlier we can make our answers
public, the more impact we can have. Even in that San Francisco
café, we suspected that Heidi’s idea could prove a minor revolution.

Myles at least was not scared off. He had often graced the covers
of Nature and Science—the most important scientific journals—with
research that was different, provocative. I, on the other hand, had
not yet realized that the concept of World Weather Attribution was far
more than just a new, exciting project; but then I was still new to my
job. While Myles had been devoting himself to other questions
recently, I (as a research assistant on his team) had spent 2012 and
2013 testing and refining event attribution methods for various
events and global regions.

I spent most of my time detecting and highlighting uncertainties in
methods and results. Initially, this doesn’t sound like something that
would push our new discipline forward. Uncertainties occur not just
in weather data, but particularly in climate models, both because
they are a simplified version of the real climate system and because
we can simulate only a limited number of weather events. The fewer
simulations we have at our disposal, the greater the uncertainties.
And the rarer the event, the fewer simulations there are—but these
are the events in which we are interested.

Stating uncertainties is crucial, even if they make scientific results
seem unnecessarily complicated. Take this made-up example: A
study concludes that people who drink at least four cups of coffee a
day live two years longer than those who don’t drink coffee. Sounds
good at first. But if the study had just a few participants, this average
value of two extra years could mean that one half of the coffee
drinkers lived three years less and the other half lived seven years
more. It could also mean that all coffee drinkers lived longer: one,
two, or three years more. Both scenarios have the same average
value, but the findings are totally different. In the first case, the trend
shows that drinking lots of coffee may or may not increase your life



span; the second case shows that it will extend your life by at least
one year. On the basis of this second result, the authors of the study
would recommend drinking more coffee; on the basis of the first
result, they would instead recommend conducting new studies with
more participants to determine whether there is any possibility that
coffee could shorten one’s life span. Calculating and quantifying
uncertainties are therefore crucial to every scientific study. To apply
this treatment of uncertainty to our new methods, we first had to
develop a standard procedure. Our initial studies were a little clumsy,
but we improved every time.

And our team grew. At first, Myles and I were among just two
small groups of scientists focused on attributing weather events.
These included established climate researchers and newcomers to
the field such as myself and (for example) Andrew King from
Melbourne. A small, highly dedicated group who were always more
vocal than most other climate scientists. Since then our group has
grown significantly, but we still hold unofficial meetings once a year
away from the major conferences to talk shop, engage in friendly
arguments, and develop ideas for new methods. There is no agenda
or final report, just twenty to thirty scientists bickering over the best
statistical methods, framings, and approaches. We also discuss how
many of our results we should present to the public—and above all,
when. Although our core World Weather Attribution team focuses on
attribution and believes it to be important, we are outsiders because
we share our results with the public as soon as they are calculated.

Myles is no longer part of our team, but that’s not unusual for
him. When I bumped into him in the stairwell back in Oxford shortly
after our meeting with Heidi, he told me that he had no intention of
joining the project, much less running it. Instead, he assumed that I
would take on the role.

If I did, I would be jumping in at the deep end. But when I thought
about it, I knew the team would still have plenty of stubborn people.
And for someone who had only just entered the world of science, this
was a huge opportunity for me to determine what would be
researched, when, and how.



Our founding team spent the next six months drawing up
budgets, raising funds, and hiring postdocs to test climate models
and analyze the data, all the while continuing our regular research
projects. We also assembled a scientific advisory board of high-
caliber climate researchers who would evaluate our work once a
year and produce a report. This was imperative; circumventing the
peer-review process meant that we needed another form of external
assessment for our results. If the scientific community were to
dismiss us as “unscientific,” we would lose all public credibility and
risk damaging the reputation of climate science, already under
enough attack.

We developed most of the methods on which our results are
based before the World Weather Attribution team was set up. They
have been thoroughly scrutinized in numerous publications via the
peer-review process, but our findings on individual weather events
have not.

The Paris Hilton Event

After the first attribution analysis of a weather event in 2004, it would
take seven years for another event to hit the headlines and be partly
attributed to climate change. The studies caused a sensation not just
within science, but also in the public sphere. Unfortunately, the
headlines weren’t exactly what you’d want.

In July 2010, a heat wave spread across western Russia. The
people of Moscow suffered in temperatures of up to 40°C (104°F),
and fires raged in the surrounding forests and heath. Hundreds of
people died as a result of the heat. Scientists from Boulder,
Colorado, who conducted an attribution study published in 2011
concluded that the heat wave was “mainly due to natural internal
atmospheric variability.”2 In another study, however, scientists from
Potsdam, Germany, calculated an 80 percent probability that these
record temperatures would not have occurred without climate
change. The media picked up on the apparent conflict between the
results.3



Had our fledgling discipline proved itself useless already?
In the weeks that followed, I examined this question and used the

method we had developed in Oxford to establish whether the studies
really did contradict one another—and if so, which one was correct.
The result was a pleasant surprise for all involved. Both studies were
correct; they had simply asked different questions. One study
focused on the heat record itself—the magnitude of the heat wave—
while the other looked at the probability of the heat record being
broken.

So had climate change made the heat wave more likely? The
answer was a resounding “yes.” Meanwhile, the actual temperatures
were determined largely by local weather conditions and therefore
had many natural causes too.

The difference in the questions posed might seem like a relatively
unimportant detail, but it had a huge impact on the result. This
experience taught us to look closely and ask precise questions.

Our study on the Russian heat wave (the third such study) was
followed by several more, leading it to be dubbed a “Paris Hilton
event” in professional circles: famous, but nobody quite knows why.
Admittedly, this was fair neither to Paris Hilton nor to the victims of
the heat wave.

Together, however, these various studies did achieve one thing:
they established the attribution of extreme weather events as an
independent, reputable, though small, branch of climate science.

Official recognition came in late 2012, when the prestigious
Bulletin of the American Meteorological Society published a special
issue featuring six attribution studies on events of the previous year.
From then on, a special issue would be published every year
featuring a growing number of authors and studies examining
extreme events all around the world. In 2012, two of the six studies
focused on Great Britain’s previous warm winter.

By the time we met Heidi in San Francisco in late 2014 and
decided that we wanted to determine the role of climate change in
extreme weather while the world was still listening, we were more
than a little aware that British winters were growing warmer; we had



published a subsection in the fifth IPCC report, the epitome of peer
review, released the previous year.

While IPCC authors are themselves scientists, the reports do not
feature their own research or even the latest research; as noted,
research work is included only if it has already been published in
specialist journals and if the results and methodological quality have
been confirmed by multiple studies. The reports are appraised both
by scientists and by representatives of all international governments
for maximum quality control.

Nevertheless, a number of scientists called us naive and even
accused us of hubris when we initiated our plan to provide watertight
studies on the role of climate change in global extreme weather—
and to do so within just a few days, with little apparent methodical
groundwork, while bypassing the tried-and-tested peer-review
process, and with just a handful of researchers. It was as though,
two years after the light bulb was first developed, we had announced
that we were going to install electric lanterns on every street without
knowing whether mass production was even possible. So it’s not all
that surprising that some of our colleagues questioned our sanity.

The First and Second Cases: Europe, 2015

By the early summer of 2015 we were finally ready to start, or at
least we thought we were. Now all we needed was an extreme
weather event. The intense heat wave that had ravaged India back
in May, claiming many lives, had come too early for us. We needed
to start with something simpler and practice completing a study
within a few days.

We didn’t have long to wait: in July, temperatures far exceeding
30°C (86°F) swept across western Europe. The European heat wave
of 2015 became our first case. Even in Oxford, it was so warm that
arguments broke out over the few fans available in our institute and
schedules had to be drawn up to make sure every office got a turn.

At least that’s what I was told. Heidi and I were attending a
conference in Paris. Although we didn’t have a perfect situation,



being away from Oxford, we didn’t want to let this opportunity slip
through our fingers.

Paris was sweltering and the heat wave had not yet abated. The
forecast was our main source, rather than complete observed
temperature data. Using this as our basis, we selected individual
cities (rather than an entire region) that were expected to experience
unusually high temperatures. We chose Mannheim, Paris, Madrid,
Zurich, and De Bilt, a town near Utrecht that, as the headquarters of
the Royal Netherlands Meteorological Institute, is superbly equipped
with weather data.

People start to suffer when heat lasts for three days or more,
which is why we decided to concentrate on the three hottest days.
My colleagues and I spent the whole of July 1 and 2 in our hotel
rooms, logged onto the Oxford servers, running calculations. We
emailed back and forth during the night to reassure ourselves that
we had analyzed the data correctly. We received results on the
second night and wrote a fact sheet. After a sleepless night and two
arduous, sweaty days in the hotel—with the occasional dispute over
how to proceed and which method to use—we finally had our first
real-time attribution study!

For the first time, scientific facts were available on the role of
climate change in a weather event—and they’d been developed
during the event itself. The next morning, we published a press
release and the fact sheet, explaining that climate change had made
the heat wave in De Bilt around twice as likely and a whole six times
as likely in Madrid. The results for the other cities were somewhere
between the two. Naturally, we hoped our press release would have
an explosive impact.

But when we visited the websites of The Guardian, the BBC, and
the New York Times the next day, there was nothing. Only a few
niche media outlets had picked up on our results.

In hindsight, this was a good thing. It later transpired that
Mannheim had reached 38°C, one degree higher than forecast,
meaning that we had delivered results for an event that had actually
taken a different form. Back in Oxford, we ran the calculations again
and determined that the probability of Mannheim’s heat wave had



increased by 500 percent, compared to “just” 200 percent in the
original study. If the first study had attracted major attention, it might
have been very difficult to explain this to the public.

This experience taught us to wait until the event is actually over,
at least if it develops quickly like a heat wave, rainfall, or hurricane.
We also learned that our work is much easier if we write a scientific
article at the same time precisely describing our method with all
recordings and details—even if we publish it directly ourselves,
rather than submitting it to a journal for evaluation. It’s a pretty boring
read but indispensable when repeating an analysis or reconstructing
a colleague’s approach to see how they achieved their results. We
also learned that it’s incredibly helpful for the team members to like
each other and overlook each other’s nighttime moods.

After this initial practical trial, by the fall we were ready for the
next study. On December 5, 2015, Storm Desmond swept across the
north of Britain and caused serious flooding. This became our
second case. This time, it took us five days. We wrote a scientific
paper, an easy-to-read summary, and a press release. On December
10, we held a press conference at the global COP21 climate
conference in Paris and announced that, on average, the rainfall
associated with the storm had been made 40 percent more likely due
to climate change. This time the British press reported our findings,
and did so with astonishing accuracy. Even outlets like the Daily Mail
(not exactly amenable to climate science on the whole) reported the
results of our study extensively and correctly. From our perspective,
it was the perfect study. However, it caused quite a stir in the
scientific community; our colleagues were not convinced that our
methods were indisputable.* To be accepted in professional circles,
we therefore had to repeat the study and publish it in a specialist
journal. This we did, with the results published in 2017.4

We had shown we could quantify the role of climate change in
extreme weather events within a short time frame, even if we had to
slow things down to convince our colleagues of the merit of the
approach. It quickly became clear that our new approach had taken
on a life of its own and could not be stopped. Attribution studies were



now appearing in Japan and the U.S. shortly after extreme events
occurred. However, definitive confirmation of our research integrity
would come from an unexpected source.

The Climate SWAT Team

In light of the unease in the scientific community, the U.S. National
Academy of Sciences (NAS) commissioned a report in late 2015 on
the status of research into extreme weather attribution. The aim was
to clarify whether events can be attributed and, if so, what types of
events—and which methods are suitable. We were a bit
apprehensive when our entire World Weather Attribution team was
invited to Washington, D.C., along with a few other leading scientists
from the field.

In October, we found ourselves being questioned in an imposing
NAS building on the corner of Fifth and East Streets. At least that’s
how it felt, even though the two days were organized like a scientific
conference. It fell to me to give the first presentation explaining the
status of attribution science. This was followed by discussions and
presentations by specialists on specific categories of extreme
weather. My job was to convince the authors of the report that our
science was just as good as everything else happening within
climate research. The audience remained largely silent, so I couldn’t
tell whether I’d succeeded. Nobody from our team was allowed to
help write the report or assist with the review process. While this
ensured that the report was truly independent, it did make the
process feel a little like a tribunal.

We waited almost six months for the report to be compiled. In the
meantime we worked on other projects and left World Weather
Attribution on the back burner. After another interview via
videoconference, the report was published in March 2016. It not only
stated that our work can be applied legitimately to various forms of
extreme weather, but even recommended that scientists use the
method that our team had developed and refined.5



We weren’t surprised; we had exercised even more caution than
in our other research projects for sheer fear of making mistakes
while under public scrutiny. Nevertheless, we felt we had achieved a
victory—a victory sealed by an extensive article in the New York
Times describing us as a “Climate SWAT Team.”6

Of course, the report didn’t silence all our critics within climate
science,* but life would be pretty boring without a bit of opposition.

Now nothing stood in the way of a rapid attribution program. We
could finally channel our energy into the research we actually wanted
to do. Europe-wide heat waves, extreme rain in Paris, and storms in
Great Britain are interesting, of course, but if the Seine starts to burst
its banks more frequently, Paris is affluent enough to adapt.
However, if climate change makes flooding more likely in
Bangladesh, extreme weather can fast become a catastrophe.

Ultimately, we want to focus on extreme weather that robs people
of their homes and causes injury or even death, extreme weather
that can bring a country’s economy to its knees or set it back years:
droughts, heat waves of over 50°C (122°F), typhoons, and of course
hurricanes. Developing countries feel the effects more than
industrialized nations because they are more vulnerable, and
extreme weather can threaten their very existence. Even within
industrialized countries, marginalized regions and groups are
affected more than any other.

Even where climate change plays no role, it is just as important—
possibly more so—that interpreting an event not be left to lobbyists.
Instead, we need to tread on the toes of those that failed to plan
appropriately and ensure they take responsibility.

This is why we are fighting to get this scientific discipline up and
running, fighting against a lack of weather data, unsuitable model
simulations, and datasets that absolutely refuse to fit together. This
takes time, particularly for extreme weather that we have not yet
been able to attribute—for example, hurricanes.

Days 5 and 6



On Tuesday morning, President Trump dons a rain jacket and climbs
up onto a truck parked in front of a fire station in Corpus Christi.
Together with Rockport, this Texan city was the first to be hit by
Hurricane Harvey. “What a crowd, what a turnout!” he shouts.
Someone hands him a Texas state flag and he doesn’t hesitate to
wave it.

According to the New Yorker, at a subsequent briefing at a
control center in Austin, the U.S. president comments that “nobody
has ever seen this much water . . . The water has never been seen
like this, to this, to the extent. And it’s, uh, maybe someday going to
disappear. We keep waiting!”7

Trump might have been even more surprised had he visited
Houston, but he and his retinue decided to avoid the city—largely
underwater, it is not the right setting for a presidential visit.

On Wednesday, the rain in Houston gradually stops. The extent
of the damage is far from clear. Emergency workers in the area
report that streets and houses are still flooded. One photo provokes
an outcry on social media. It shows nursing home residents sitting in
their wheelchairs, waist deep in murky water.8 They are evacuated
after the photo is published, just like thousands of other Houston
residents who have been forced to lay out sleeping bags in schools
and gyms.

But not everyone can be helped. No amount of preparation would
prevent disaster relief services from being overwhelmed by one of
the greatest floods in U.S. history. At least twenty-two people have
died thus far throughout the district, almost a third of which is
underwater.

Our team now knows that the city received its heaviest rain from
August 26 to 28. The rain continued after this date, but the highest
water levels were reached almost everywhere on August 28. In these
three days, 41.07 inches of rain fell at the weather station with the
most intense rainfall (Houston NWSO). These figures provide us with
the information we need to begin our analysis and define the event.

We have determined the time frame, the three days with the
heaviest rainfall. Next we need to narrow down Harvey’s spatial



dimensions. We try out various definitions: Houston alone, then
Houston and its surrounding area, then as far as the state border—
including Corpus Christi, where Trump stood and waved his flag,
utterly surprised by the sheer volume of water.

At the very least, we can say that this is a truly exceptional event.
Whether we focus just on Houston or look at the entire region, the
weather station and satellite data return the same result: Harvey is
an extreme event.

In our current climate, the quantity of rain that fell in the city
should be expected no more than every nine thousand years—this,
at least, is the conclusion of the largest, most complete dataset we
have. But how can we use one hundred years of weather data to
determine that an event can be expected every nine thousand
years? With extreme value statistics. We take all observed weather
events, whether extreme or not, and use statistical models to
extrapolate events that are more extreme than anything we have
seen before. The further we move from rainfall that has already been
measured, the less precise these methods become, so these nine
thousand years are just a rough estimate. The figure could just as
easily be twenty thousand years, but not five hundred or fifty
thousand.

In the coming days, we will receive new weather data and be
able to provide more exact figures, although experience suggests
that not much will change.

Now we need to determine whether climate change has played a
role in Hurricane Harvey, and to what extent. While Harvey is
certainly extreme, it may not be an “epic” and “historic” storm that
came from nowhere, as Trump seems to have suggested. It is
possible that the people in charge in Washington, D.C., Austin, and
Houston should have expected more storms and rainfall of greater
intensity than previously observed—that they could have known this
would happen.

* Normally, articles have two or three peer reviewers; ours ended up having seven,
because it was so controversial. While some of the reviews were very positive and others
offered constructive criticism, two of the reviewers rejected the article as unpublishable



because of the speed of the analysis. One year later we repeated all the analyses with
further observation data and model simulations. The result was the same, and this time
the reviewers were satisfied.

* One of our most vocal critics remains Kevin Trenberth, an eminent climate scientist from
Boulder, Colorado. He argues that because climate models are not always capable of
simulating the dynamic effect (the change in atmospheric circulation), we underestimate
the impact of climate change. See also Lusk, “The Social Utility of Event Attribution.”



 CHAPTER 4 

THE HUMAN FACTOR
Calculating the Influence of Climate Change

on the Weather

WHAT WOULD THE world look like today if climate change had never
happened? This might sound like the concept for a utopian novel,
but it is, in fact, the basis for our work. Only by simulating a world
without climate change can we determine how it influences the
weather of today.

To do this, we compare the weather that can occur in a world
without climate change with the weather possible in our modern
world. It’s like taking a template of the weather possible in one world,
placing it over a template of another world, and looking for bits that
don’t match—that is, whether the weather has become more or
perhaps less extreme.

The starting point—the world untouched by climate change—is a
purely hypothetical world that has never existed. After all, we are not
asking how likely a weather event would have been in a world
without humans. We are asking how likely a weather event would
have been in a world like ours but without human-caused climate
change.

In a world without humans, the atmosphere would be free from all
the additional greenhouse gases we have pumped into it over the
centuries. The vegetation would also be totally different; most of the
Earth’s surface would be covered in forests or in jungle very different
from what we see today. For thousands of years, we have chopped



down and reforested trees and, by traveling widely, have helped tree
species spread from one part of the world to another. But the larger a
forest is, the more it influences the climate and, by extension, the
weather.

A world without climate change is therefore not the same as the
world that existed centuries ago. Our model is no untouched,
primeval world; it is a world of humans, just without additional
greenhouse gases.

Our hypothetical world remains in the Anthropocene era, so it’s a
world in which humanity has at least made its mark—“Anthropocene
lite,” if you will. In a simulated world like this, the Industrial
Revolution based largely on the burning of fossil fuels never took
place. This is, of course, unrealistic; our planet would have
developed differently without the Industrial Revolution—whether for
better or worse is anyone’s guess. But at least we wouldn’t be
grappling with the issue of global warming. And that is the sole focus
of our counterfactual model.

Extreme weather attribution is based on the concept of simulating
possible weather in this fictional world and comparing it with possible
weather in the real world. The definition of an event (like a drought or
hurricane) in the real world acts as a blueprint. We then search both
worlds to determine how many weather events fit this pattern.

What precisely does this mean? First, we ascertain what weather
is possible in a particular region under current conditions—for
example, how much rain does Houston get on average? How
intense is the extreme rain that falls there every ten years? Every
fifty years? Every hundred years? How likely is the torrential rain we
have observed?

We then ask the exact same questions again, this time simulating
possible weather for a world without climate change. If a weather
event is more (or less) likely in one scenario than in the other, then
the difference is clearly due to climate change; this is the only
difference between the two worlds for which we have run the
weather simulation. If, for example, an extreme event occurs every
ten years on average in our current climate but only every hundred



years in the world without climate change, then climate change has
made the event ten times as likely.

Measuring the World

First we need to reconstruct the weather in the real world, which will
allow us to simulate potential weather in the modern world and then
in the fictional world. To do this, we need to know about the weather
occurring in the real world—that is, we need as many weather
observations as possible dating back as far as possible, including
temperatures, wind strength, rainfall amounts, and more.

On the one hand, we need these data to know what has actually
happened: When and where did it rain, and how much, before floods
occurred like those in Houston?

On the other hand, we need weather data to calculate the
probability of the weather event in question. These data then serve
as the basis for defining the event; for the Russian heat wave of
2010, we used the highest July average temperatures throughout a
large area around Moscow (35° to 55° east longitude and 42° to 60°
north latitude). Once we have clearly outlined the event, we can
simulate it in the climate models—once in the modern world and
once in the hypothetical world without climate change.

We also use weather data to check our models. Not all models
can realistically simulate the weather events in which we are
interested. In short, weather data are the link between climate
models and the real world.

Without weather data, we would have only a vague idea of our
weather’s characteristics. Without many years of weather data,
nobody would know that Kiel gets 27.5 inches of rain per year on
average or how long the high-pressure areas that cause heat in the
summer and cold in the winter persist in a particular region.
Observed weather data are indispensable and precious.

Satellites Survey Our Weather



We have only been able to measure global weather since 1979,
when satellites began to circle the Earth and record its weather
comprehensively—just long enough to allow us to do our work today,
at least in regions with no weather stations. Even if we had only thirty
years of data, rather than forty, we could make statements about the
climate today; in principle, the climate of a particular region is
nothing more than the average weather over a period of thirty years.
However, thirty years is not long enough to say anything about
changes in the climate.

This is no arbitrary value. Weather varies from day to day, month
to month, and year to year—but also in longer cycles of ten to thirty
years. Relatively little changes beyond this time frame, and the
quality of data obtained over these longer timescales differs
significantly. A thirty-year time frame incorporates the key spectrums
of internal natural weather variability. There are, of course, changes
on a scale of thousands of years driven by natural variability outside
the climate system (e.g., the distance between the sun and the
Earth).

The same would be true of a twenty-nine-year or thirty-three-year
period. Ten years would definitely be too short, particularly in tropical
regions where the weather barely differs from day to day but often
changes drastically every five to seven years. We need to observe
several such cycles in the average weather to make statements
about the climate.

So thirty years is the minimum. We have to extend this time
frame for extreme weather events, which are by definition rare and
do not occur very often in a thirty-year period. Ideally, we would have
records dating much further back. Some go back to the end of the
nineteenth century, when climate change could barely be measured
in the average global temperature, or even back to the eighteenth
century; these weather observations are the best observed reflection
of a world in which climate change never happened.

Today, living in a measured world is a matter of course for most
people—geography has been measured at least since Google Earth
was developed—and this includes the weather. But even in the age



of satellite observation, it is very difficult to tell whether rainforests in
the central Congo are currently experiencing heavy rainfall.

At the moment, we have two types of satellites observing our
weather. Geostationary satellites remain in sync with the Earth’s
rotation to provide images of one area around the clock, while other
satellites orbit counter to the Earth’s rotation and examine every
point on the planet about every twelve hours. In contrast to
geostationary satellites, these offer good spatial resolution but
provide images of a particular region only twice a day. Some bouts of
intense rainfall don’t even make it onto their radar.

Every nation (or group of nations) with a space agency—like the
U.S., China, and Europe—sends new satellites into space almost
every year. They don’t all focus on the weather, though; this
technology can be used to observe forest fires, illegal rainforest
clearing, and even munitions factories.

While President Trump and his government may be
systematically cutting funds for weather and climate research and for
satellite missions, NASA did manage to send one new GOES-R
geostationary satellite into the Earth’s orbit in early 2018 that should
be able to better decipher what happens during a storm than was
previously possible.

Satellites are particularly good at recording cloud coverage and
large-scale areas of high and low pressure. They find rainfall much
trickier—the old satellites can barely tell the difference between
clouds that carry rain and those that don’t.

At any rate, satellite measurements must be calibrated using
other weather recordings and compared with data from a dense
network of weather stations. This allows us to calculate satellite
errors and make sure satellites provide the most useful data in the
future. Ideally, satellites will at some point be able to image weather
fairly precisely without the aid of weather stations.

Weather Stations Around the World

Weather stations are nothing special, really. Their equipment
includes a thermometer, and the simplest use a beaker to measure



rain volume. They usually have an anemometer to record wind
speed, a barometer, and devices to measure relative humidity and
the duration of sunshine.

Today, these instruments work more or less automatically in most
weather stations, removing the need for manual daily readings. But
even the best automatic stations need some maintenance. If a
device malfunctions and is not replaced immediately, the series of
measurements will be interrupted and become less useful—it may
even be rendered worthless. Individual weather stations that our
institute has set up in the Sahara, for example, frequently
malfunction because the technology has failed or an animal has
chewed at the cables.

To this day, the best and most complete series of measurements
come from manned weather stations; for a hundred years, in times of
war and peace, rotating teams have been reading devices at the
same time every day, including national holidays. These include the
weather station on the Telegrafenberg, a hill in Potsdam, Germany. It
is now the headquarters of the Potsdam Institute for Climate Impact
Research (PIK), where I worked before moving to Oxford.

The data are immediately recorded in digital format and are
technically available in real time. However, most countries do not
release these data until days or weeks later—if they release the data
at all.

The network of weather stations around the globe remains patchy
and uneven—not only in the Sahara and countries like the Congo,
where satellite technology is the only thing that keeps us from being
completely in the dark, but also in Europe. The Netherlands may be
densely packed with weather stations, but they are much sparser in
France and Germany.

Logbooks: Learning From Seafarers

If we want to understand how weather is changing and why, we need
more than just weather data recorded in the past few decades with
the latest technology. We need to travel much further back in time,



descend into the stacks of old European universities, and turn our
attention to the people who sailed the oceans centuries ago.

For the seafarers of old, observing and recording the weather in
detail was crucial to their survival, making ships’ logs a unique
source of weather data. The people behind the “Old Weather” project
have set themselves the task of digitizing logbooks with the
assistance of volunteers, citizen scientists who input weather data
taken largely from the logbooks of whaling ships.1 This is laborious
work—most logbooks were written by hand and there is no way of
telling at the outset which ones actually contain weather data—but
this is what makes it so fascinating for many volunteers. Not only do
they learn what the weather was like over the Arctic Ocean in a
particular year, they also gain insights into life on ships that spent
weeks at the mercy of the elements completely cut off from
civilization.

In recent years, projects like this have enabled scientists to
significantly improve time series for temperature, rainfall, and
atmospheric pressure from the mid-nineteenth century onward. For
the first time, weather data from the early days of industrialization
can be analyzed—a gold mine for our work.

The Radcliffe Observatory in Oxford

Logbooks may be the most exotic source of old weather data, but
they are certainly not the only source. The world’s longest
continuous rainfall records are kept three stories below my office in
Oxford, in the basement of a brick building built in the 1960s.

These records come from the weather station at the Radcliffe
Observatory in Oxford.2 As is the case a ll over the world, this
historic station housed in a tower has long since been replaced by
shiny instruments embedded in a stretch of grass—at the foot of said
tower in the grounds of Green Templeton College. The original
documents containing the station’s measurements are now stored in
a steel cabinet in the basement of our institute. When I open one of
the notebooks and skim the entries from the eighteenth and



nineteenth centuries, I never fail to be impressed—less by the
history they contain than by the fact that they have exactly the same
kind of data as the twentieth-century entries (apart from the date, of
course). This is what makes them so valuable: weather must always
be measured in the same way if we are to determine whether and
how it is changing.

All around the world, people are entering old weather records into
computers and making them available to the scientific community. All
the weather data from the Radcliffe Observatory have now been
digitized, and I no longer need to go down to the basement.

We used these data to investigate the extreme rainfall in
southern England in 2014, examining the volume of winter rain in
Oxford over the last two hundred years.3 Based on these records,
we found that extreme rainfall like that of 2014 has been made
around 40 percent more likely due to climate change. Similarly, we
used the Radcliffe temperature data to study the heat wave in the
last week of July 2019. The historical high temperature record of
35.1°C (95.2°F) set in 1932 was broken by 1.4°C, setting a new record
of 36.5°C (97.7°F). In a rapid attribution study, we found that climate
change made a July heat wave as observed in 2019 about five times
as likely in Oxford.4

Computer Simulations: Rolling the Weather Dice

However, even the best observation data reflect only the weather
that has actually occurred. The data don’t reflect all possible weather
scenarios.

But how can we talk meaningfully about an event to be expected
every ten thousand years when we only have observation data from
the last hundred years or so? We can’t. It’s as simple as that. That
would be like rolling a die ten times, getting a six five times and using
this information alone to calculate the probability of rolling a six.

So what do we do?
If we know the distribution of the weather data, we can effectively

extend the observed data. We may not know exactly how the data



are distributed, but we can at least make justified assumptions and
use them to gauge the likelihood of the event.

And so we need statistics. Whether extreme or normal, our daily
weather is only ever one of the many possibilities within our climatic
conditions. To determine the likelihood of an event, we need to
consider both the actual and possible weather. If we want to
calculate the probability of a six solely by reading the number on the
die, we need to roll it more frequently. In principle, this is exactly
what we do with our climate models: we roll the weather dice. To
simulate possible weather under the given climatic conditions, we
need statistical models and climate models.

Now it gets even more complicated. Our next step is to leave the
world in which we live and enter a world without climate change. This
means we have nothing with which to compare our models. This is
where attribution actually begins. To gauge the likelihood of a
weather event in a world without climate change, we need to
measure possible weather under climatic conditions we have never
observed. While we know for certain that we have a one in six
chance of rolling a six, we don’t know at the outset what weather is
possible in an atmosphere that hasn’t been manipulated.

To find out which weather is possible, it is not enough to simply
use a climate model and simulate possible weather once or twice on
every single day in the past ten years. Instead, we need to simulate
possible weather several hundred times. For example, simulating
just two possible summers would be like picking two clovers, one
with three leaves and one with four. If you had never seen a clover
before, you wouldn’t know that three-leaf clovers are normal and
four-leaf clovers are the extreme event. This shows why we need to
simulate possible weather so many times.

These massive simulations would be impossible without the rapid
development of computer technology with more efficient processors
and larger memories. We simply couldn’t afford to calculate such
“ensembles” of model simulations. The British climate portal Carbon
Brief has calculated that “a global climate model typically contains



enough computer code to fill 18,000 pages of printed text . . . and it
can require a supercomputer the size of a tennis court to run.”5

In fact, we still can’t afford the enormous processing power
required for our attribution studies. Essentially, we are only able to
do what we do because of a very special, adventurous community of
people who hunt for aliens in the vast expanse of space. I’ll come
back to them later.

First, we need to immerse ourselves in two fictional worlds: a
world with the potential weather of today and the world as it would
have been without climate change. To enter these worlds, we need
climate models—and physics.

A World Without Climate Change

A climate model is a mathematical representation of the climate
system. We can use it to recreate the climate system and create a
sort of artificial Earth in which we can run experiments—after all,
medical students practice on dummies before operating on actual
people.

Like all physical systems, the climate system is determined by
laws of conservation for energy, mass, and momentum. In
accordance with these laws, energy, mass, and momentum are
neither created nor destroyed, but simply convert themselves into
different forms within a closed system.

The Earth’s climate system is not a closed energy system; its
energy comes from outside, from the sun. But because its energy is
not destroyed, equal amounts of energy must enter and leave the
system. This is the first key equation on which every climate model is
based: the law of energy conservation. A simple climate model of this
type can be used to calculate how much the average global
temperature changes when more greenhouse gases enter the
atmosphere or a volcanic eruption adds more sulfur particles. While
the average global temperature is crucial, we want to know more;
when consulting with a patient, a physician has to do more than
simply take their temperature.



The next, more complex stage of climate modeling also
incorporates mass conservation. The Earth can be viewed as a
closed system for mass; the mass of the particles that enter and
leave the atmosphere is so low compared to the mass of the
atmosphere itself that we can ignore it. The conservation of mass
means that if the pressure in the ocean or atmosphere decreases in
one region, thus altering the number of water or air molecules, the
pressure must increase in another area of the system because
molecules can’t disappear.

Mass conservation can also be calculated using a simple
equation. This can be used to divide the climate system into very
large sections. The Earth is separated into boxes: one box for the
tropical atmosphere, one for the temperate zone, one for the poles,
and one for the oceans. Each box contains pressure and
temperatures that change if, for example, more energy enters from
outside. We can calculate how the differences in pressure between
the boxes balance each other out—in other words, air circulation and
oceanic currents on huge scales.

These (still very simple) models can be simulated quickly and
often to calculate the different speeds at which the land, atmosphere,
and oceans are warming up. However, we still cannot use these
models to simulate weather. For that we need the conservation of
momentum, Newton’s second law, which states that force is equal to
mass times acceleration.

If you know the force to which air molecules are subjected at
every point on Earth, you will know how these air molecules will
move and, therefore, how the wind will blow. When they first derived
what would later be known as the Navier-Stokes equation, physicists
Claude-Louis Navier and George Gabriel Stokes described the four
forces that act upon and accelerate air molecules: the Earth’s
rotation (Coriolis force), the differences in atmospheric pressure
(pressure-gradient force), the force of friction, and the force of
gravity.*

We now have a complete general circulation model with which to
simulate weather—at least in principle. We need to simplify these
equations describing the conservation of energy, mass, and



momentum in the climate system because models cannot solve all
equations for every point in the atmosphere or ocean; that would
require infinite computing time. Statistician George Box is considered
the first to have said that all models are wrong but some are useful6
—and he was right. While all climate models are simplified
representations of the actual weather, they are certainly useful if they
correctly reproduce key characteristics.

The greatest simplification in climate models is to consider the
atmosphere not as a continuum, but as divided into noncontinuous
three-dimensional pieces, forming a grid or network covering the
globe. The simplified equations are solved at every grid point. In old
climate models, the distance between grid points could be several
hundred miles; in newer models, the distance is around 62 miles at
the equator and less at the poles. Meanwhile, the vertical distance
between grid points increases the higher they are in the atmosphere.
This is because our weather takes place in the lower atmosphere
and a lot happens in a small amount of space; farther up, the
pressure is so low that there are very few molecules whirling around
and changes play out on a larger scale. The greater the distance
between horizontal and vertical grid points, the faster the models can
calculate—but less realistically.

At every grid point, the model calculates the temperature,
pressure, wind speed, and wind direction (along with many other
meteorological variables) based on the prescribed time frame—for
example, every fifteen or thirty minutes. To make this happen, we
need to feed the equations in the model with initial values for all
variables before starting the model. Instead of setting these values to
zero, which would require immense computing power, we provide
the model with initial values for variables such as temperature and
wind speed so that it can calculate the changes. These are based on
values that have been observed. In addition to these initial
conditions, the model still needs to know what factors are driving the
climate system outside its scope of calculation: current solar
radiation, the concentration of greenhouse gases in the atmosphere,
and the concentration of tiny dust particles (“aerosols”)—what



scientists call the forcing conditions. If the model’s grid points were
just a few feet apart, the model would now be complete: physical
equations, initial conditions, forcing conditions.

However, the grid points are often tens of miles apart, yet
weather occurs on a much smaller scale. We’ve all visited a city and
found it to be raining at one end and sunny at the other. Therefore,
this form of rough climate model cannot resolve rainfall. As a result,
rainfall does not form part of the equations based on physical laws—
just like cloud coverage and many other variables that exhibit small-
scale changes.

There is, however, a solution: parameterizing the variables. This
means that whether and how much it rains at a grid point is
determined not by a physical equation, but by an empirical equation;
we are looking for a link between the variables that the model can
calculate by applying physics and the variables we need that cannot
be calculated using physics. Models used to predict economic
developments are based solely on such empirical equations. There
is no law to prove that unemployment drops when the gross national
product rises. Empirically, however, this is certainly what happens,
which is why economists use current unemployment figures as a
parameter to predict economic growth.

In principle, we follow exactly the same procedure when
calculating rainfall in climate models—comparing climate models
with weather records and testing which parameters we need to
modify to better simulate the actual weather. For example, we need
to test how large a drop of water needs to be in a cloud before it falls
as rain. It is rare for parameters to realistically represent the weather
all around the world. A parameter value will often simulate rainfall
very realistically over Germany, but also turn the rainforest into a
desert. We might be able to tolerate this if we only wanted to
forecast European weather, but if we want to learn about changes to
the global climate, then we need compromise parameters—
parameters that generate fairly realistic weather for the entire world
but do not necessarily fit in with the physics (for example, raindrops
that are much larger than possible in the real world but generate
realistic volumes of rain in the model).



Even without these simplifications, models would not be perfect
because the climate system is chaotic. Even a minor change in the
initial conditions might completely alter weather developments—the
proverbial butterfly effect.

Despite these uncertainties, climate models can achieve a great
deal. Global warming itself has shown that climate models work:
forecasts from the early 1990s predicted the average global
temperature from 1990 to the present very accurately considering
the difference in actual and predicted greenhouse gas emissions—
and despite the climate models of the time working with much
rougher spatial resolutions.

What our models cannot do is precisely predict the weather in
ten, twenty, or thirty years. The climate system is too chaotic for that.
But it doesn’t actually matter whether it will rain in Oxford on January
30, 2050. All we want to know is how likely it is that January 30,
2050, will see as much rain as in every average January of the last
two hundred years. Has this probability changed, and if so, by how
much? Our answers are constantly improving.

To answer this question, we need more than one climate model
so that we can identify errors in individual climate simulations caused
by the model parameters. The more models return the same result,
the more confident we are that this result reflects reality. And the
more simulations we run in a model, the better we can gauge the
likelihood of a weather event. For a good attribution study, the
models need to translate the physical equations and empirical
equations into computer code in as many different ways as possible.
This, however, requires enormous computing power, producing files
of several terabytes, most in different formats.

Ultimately it’s all about the numbers, lots and lots of numbers—so
many that it can take up to two hours to import files containing one
year of simulations from just one simple model. Unless we are
studying something like heat waves that span a whole continent, we
need models with a high spatial resolution—a dense grid—to
calculate weather. We obtain these model simulations from the
climate models of major meteorological computing centers like the
European Centre for Medium-Range Weather Forecasts (ECMWF),



the U.S. National Center for Atmospheric Research (NCAR), and the
Japan Agency for Marine-Earth Science and Technology (JAMSTEC). It
can take two weeks to simulate one model year. We would need
plenty of patience and money to run these models on just one
server. And we don’t have either of those things.

Learning From Alien Hunters

This dilemma was solved by alien hunters, of all people. In the
1990s, UC Berkeley found itself with a problem: huge quantities of
audio recordings from space that had been collected via radio
telescopes and might contain proof of extraterrestrial life. Since
nobody knows what this proof might sound like, the laboratory team
couldn’t let a machine listen to the recordings because they had no
examples with which to teach it. Human labor was required. Since
the scientific team was far too small to trawl through the masses of
data, they started looking for helpers.

They developed a piece of software, known as BOINC, that sent
audio recordings to private computers all around the world owned by
people who volunteered to listen and report anything interesting they
found. The SETI@home project was born, and it’s still going on today.

We follow a similar pattern. We even use the same software to
solve our modeling problem with the aid of thousands of volunteers
around the world. There’s just one difference: instead of donating
their time and actively searching for aliens, our volunteers provide us
with time on their computers and, essentially, money by paying
slightly higher electricity bills. This gives us access to by far the
largest server in the world.

Thanks to the dedicated volunteers who support the
climateprediction.net project, we don’t pay a cent to use this
computing power. In 2015 alone, these computers racked up
120,000 years of processing time. Even the cheapest cloud service
would charge us $6 billion for that.

Our program runs in the background on volunteers’ computers.
Anyone who essentially uses their computer like a typewriter—giving
the processor very little to do—can lend us their processing power. If
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a computer reaches capacity, our model stops. Participants don’t
need any technical or scientific knowledge; all they do is download
the BOINC software, link up with the climateprediction.net project, and
let their computer calculate weather for a model year. When the
results are ready, the file is sent back to us for analysis. For security
reasons, we never have access to the volunteer’s computer. We also
offer a screen saver for most of our experiments and anyone
interested can watch the calculations run and the changes in
temperature, pressure, or rainfall.

Some of our around forty thousand volunteers keep hold of their
old computers just so climateprediction.net can use them.
Participants come and go over the years, some joining in when we
run an experiment focusing on their region of the world. Over the
project’s life span, 700,000 people have volunteered. Without this
project, attribution science for extreme events would probably have
come to fruition several years later.

Day 7

On the last day of August, the rain stops. But the streets of Houston
are still filled with water—toxic water mixed with oil, gasoline,
corpses, and all manner of garbage. Nevertheless, the people who
could not or did not want to flee the deluge wade through the water
or use any type of vessel they can find. They have no choice; they
need to find food and someone to help with the cleanup. These
people are now the highest priority for the disaster relief teams.

The international media have shifted their attention once again.
Having focused first on the hurricane itself and then on the people
suffering its effects, they now report on the broader impact and ask
whether the event could have been predicted. Did the city do
everything it could?

They also raise the question we have been trying to answer since
yesterday: What kind of phenomenon was this? Can we really
expect a city to prepare for an event expected every nine thousand
years or so? This figure has not yet been quoted, but we are now
fairly certain that this is the approximate magnitude of the event’s
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probability in the modern world (on a planet already 1°C/1.8°F warmer
on average than in preindustrial times). To find suitable observation
data, we don’t need to go down to the basement or consult sailors’
logbooks. Rainfall records for the U.S. are digitized and freely
available. We can simply download the data and identify Houston
using a number from the World Meteorological Organization.

We can already see from the weather data that climate change
has, in fact, increased the probability of heavy rainfall like that in
Houston—and to a greater extent than would be expected through
global warming alone.

* There is currently no general analytical solution to this equation—whether a clear solution
exists is one of the great unsolved mathematical questions. However, we do not need a
general solution that applies to every molecule, time, and place to simulate the weather
using this equation. Instead, we are looking for a solution that is precise enough to
describe the movement of the air fairly correctly but does not require so much calculation
that it would be too expensive to apply to the entire atmosphere. Achieving this balance is
not easy, and all climate computing centers worldwide experiment with various solutions
in their models.



 CHAPTER 5 

HEAT WAVES, DOWNPOURS, AND
MORE

The Role of Climate Change in the Weather

AFTER MORE THAN two dozen attribution studies, I am gradually
developing a feel for the way that climate change manifests in our
weather—and it probably isn’t how most people imagine.

Previously, even climate scientists didn’t know exactly how it
worked in individual cases and had to stick to generalizations—for
example, saying that global warming has increased the risk of heat
waves, stronger cyclones, and heavy rainfall on a global average.
However, the fact that climate change influences the weather and we
know the average does not help us to prepare for the changes this
will bring where we live. And it isn’t as powerful as localized,
immediately relevant evidence in influencing both the general public
and politicians to make changes.

Our team offers a fairly exclusive insight into how the climate
manifests in specific weather and how climate change has altered
the risk of certain types of extreme weather. Our studies have
allowed us to identify initial patterns.

This isn’t easy. Climate change doesn’t work like a stimulant that
systematically spreads over all the world’s weather events and fuels
them equally worldwide—at least not in all the places where the
circulation is also changing and feedback processes are at play.

The effect of climate change on our weather is extremely erratic,
almost petulant: it might make an event more likely, make it less



likely, or have no effect on its frequency whatsoever. In all cases,
climate change does influence the weather, but to different extents
and with very different consequences.

Heat Waves in Europe: The New Summer Norm

Climate change is reflected more strongly in heat waves than in any
other phenomenon. When we began our work, we still believed that
heat spells would be the easiest form of extreme weather to
understand and simulate—the changes are great, requiring only
relatively rough models and few simulations. We thought we knew
more or less everything already, but we were wrong; more intense
heat waves are an extremely complex sign of climate change.

In summer 2003, a heat wave lasting several weeks spread
across Europe. Temperatures of over 40°C (104°F) were recorded in
several German towns and cities, while southern Portugal hit 47.5°C
(117.5°F). This was torture for many elderly people; the heat was too
much for their hearts and circulatory systems and they collapsed in
the streets or in their homes. French funeral parlors were so full that
refrigerator trucks were repurposed for corpses.1 French researchers
estimate that 70,000 more people than usual died in Europe that
summer.2 It was one of the continent’s most devastating natural
disasters and made people realize that heat waves can kill, even in
Europe.

When Europe’s next big heat wave came in summer 2006,
France was better prepared. The authorities advised the public to
avoid staying out in the sun and to drink plenty of water. They also
allowed people to access public buildings if their homes were getting
too hot. Europe seemed to have a reasonable handle on the new
heat conditions.

Perhaps the most surprising aspect of heat waves is something
that sounds pretty mundane at first: climate change affects
temperatures differently around the world, even within the same heat
wave.



Here’s an example. Meteorologically speaking, broad swaths of
Europe were covered by a large, stationary high-pressure area in
June 2017. Heat records were broken at London’s Heathrow Airport
and in the Bavarian town of Kitzingen. Huge forest fires spread
across Portugal, kindled by the heat. Naturally, absolute
temperatures varied from country to country: while the 37°C (98.6°F)
achieved in Paris didn’t break France’s 2003 record, in Great Britain
June 21, 2017, was the hottest day for more than forty years at
34.5°C (94.1°F)—a record broken again in 2019.

Of course, the extremity of a weather event also depends on
whether a record is broken by 0.1°C or 1°C. Thanks to climate
change, Belgium can now expect a heat wave like 2017* every ten
years, Spain only every eighty years. Accordingly, climate change
has made this heat at least four times as likely in Belgium and
increased its probability by at least one order of magnitude in Spain.
Previously, a heat wave like this was almost outside the range that
Spain could expect; suddenly, however, it has become a real
possibility, if an extreme one. In Belgium, meanwhile, the formerly
extreme event of 18.1°C (64.6°F) as the mean June temperature has
become the new norm.

Unpacking such differences won’t make the headlines and may
appear highly academic, but it is these differences that turn a
pleasant summer into a costly natural disaster. And if climate change
drastically alters the probability of such a natural disaster, then
countries need to revise their plans.

Our studies have revealed how vulnerable climate change has
made us. However, societies in other parts of the world are far less
prepared for heat waves. In 2015, the Indian state of Andhra
Pradesh experienced sweltering heat of up to 48°C (118°F); more
than 1,800 people died, particularly in the slums, which are neither
air conditioned nor shaded by trees.3 We established that a heat
wave like this had become around twice as likely due to climate
change.

Extreme Rainfall



The world is getting hotter. This means not only a greater risk of heat
waves worldwide—differing according to region—but also more rain
on average. A warmer atmosphere can hold more water vapor. If the
Earth becomes 1°C warmer, we expect rainfall to intensify by roughly
7 percent. This connection was discovered by Rudolf Clausius and
Benoît Paul Émile Clapeyron in the second half of the nineteenth
century.

What interests us, however, is what this means for specific cases.
Do other factors also come into play?

On December 6, 2015, it rained in Great Britain. Not exactly out
of the ordinary, except that it rained a lot. And I mean a lot. Storm
Desmond was sweeping the nation. We discovered that climate
change had made extreme rainfall between 5 and 80 percent more
likely. This margin of uncertainty might seem relatively large, but it
isn’t: the lower limit is greater than zero, which means that climate
change has definitely made this event more likely. The upper limit
indicates that it hasn’t become twice as likely; otherwise it would be
100 percent. If an event like Desmond could once have been
expected approximately every hundred years, now it will occur
roughly every seventy years—much more frequent but still rare
enough that, statistically, a British citizen will only experience it once
in their lifetime.

Climate change plays a role in many cases of extreme rainfall,
although to a much smaller extent than for heat waves. Building your
house on a floodplain puts you at much greater risk of a flooded
basement than climate change.

Our studies show that similar regions and seasons will return
very similar results for similar types of extreme rain (this may seem
self-evident, but it isn’t; the dynamic effect could have complicated
things considerably). It seems almost superfluous to continue with
individual studies.

Things get more interesting when we look at subtropical regions
like Louisiana on the American east coast. In August 2016, the state
was hit by the worst rainstorm in its history. Around 100,000 houses
were damaged and thirteen people died in the floods.



Our attribution study showed that climate change had made the
rainfall at least 10 percent more intense—more than the 7 percent
calculated by Clausius and Clapeyron. This means that both global
warming and altered circulation are playing a role. Global warming
isn’t the only phenomenon to make it rain.

Climate change is much more prominent in subtropical rainfall. In
the case of Louisiana, we established that global warming had
doubled the probability of this torrential rain, although our analyses
did not rule out the possibility that climate change had made it up to
ten times as likely. The scale of these results is more reminiscent of
heat waves than of Europe’s relatively tame winter rainfall.

A Lack of Cold Spells

Climate change also dramatically affects another phenomenon
barely mentioned by the media, despite its grave consequences: the
lack of cold spells. We only talk about the cold when it gets really
chilly.

There should be far more discussion about the fact that climate
change is making our winters ever milder and frost days increasingly
rare, as seen in Great Britain in November 2011.

This was one of our first studies in Oxford. Our methods were still
a little clumsy, but the result was clear: in our world with climate
change, a November without night frost (like that of 2011) will occur
around every 20 years. Without climate change, it would happen
every 1,250 years.4

A lack of night frost in November sounds like a pretty boring
nonevent, but a whole winter without any frost would have serious
repercussions. More people would suffer bites in spring and summer
because fewer insects would have died off than in a “normally” cold
winter. There would also be more parasites to afflict livestock and
crops, fruit and vegetables—and in their attempts to contain these
parasites, farmers would use more pesticides on their fields and
farmland. In addition, many crop plants have seeds that need a
period of cold to break dormancy; so no frost, no plants.



Even regions of the U.S. dominated by climate change deniers
are starting to see these effects—although it will probably take a few
frost-free spells for people to truly realize that this is more than just
bad luck, more than just natural variations in the weather.5

In winter 2017, the small American city of International Falls near
the Canadian border was literally frozen. Temperatures of −38°C
(−36°F) were recorded. Residents said it felt like their skin was
burning.

President Trump commented on the cold snap from his vacation
in Florida, where it was 24°C (75°F):

In the East, it could be the coldest New Year’s Eve on record. Perhaps we could
use a little bit of that good old Global Warming that our Country, but not other
countries, was going to pay trillions of dollars to protect against. Bundle up!
(@realDonaldTrump, December 28, 2017)

Our World Weather Attribution team analyzed this cold spell and
another in southeast Europe in January 2017. In both cases, climate
change had made the cold less likely. Without it, it would have been
even colder in the same weather situation. In the face of global
warming, these results aren’t necessarily surprising.

There is, however, also a theory that cold spells are becoming
more frequent, particularly in the U.S. According to this theory,
disappearing marine ice in the Arctic is making the polar vortex
weaker. The polar vortex is a weather system that remains mainly
stationary over the North Pole in winter and separates polar air from
other atmospheric circulation. At some point, this system collapses
and the cold polar air heads south, spreading out over the
continents.

Scientists can simulate this effect in climate models. However,
the observation data do not indicate that this phenomenon is
occurring more frequently or that it is strong enough to counteract
the effect of global warming. This is one of the debates currently
taking place within the scientific community, an area in which our
understanding is developing and expanding. The outcome remains
open. Personally, I would prepare for warmer winters.



When Climate Change Takes Itself Out of the Equation

Sometimes climate change is involved in a weather event but
neutralizes itself, concealing the part it plays.

Droughts are a good example of this. We could assume that
aridity is decreasing around the world because extreme rainfall is
increasing. But droughts are more than just a lack of rain—at least in
regions with humid climates where more rain falls than can
evaporate. Here, evaporation plays just as big a role as rainfall. So
more rain is falling thanks to global warming alone, but more water is
also evaporating. Droughts become more or less likely depending on
which of these two effects is stronger.

However, both effects might be equally strong and the risk of
droughts might not change at all. We determined that this was the
case for a drought in the São Paulo region of Brazil in 2014. The
study is relatively old, but the methods are excellent.6 We conducted
individual studies of the two most important meteorological factors in
a drought: rain and evaporation. The likelihood of rain increased due
to climate change, but evaporation also increased. If we combine
these two variables and consider the actual risk of drought, then the
two effects cancel each other out; this, at least, was the case in São
Paulo in 2014. Climate change played a major role, but the drought
risk had not changed.

Our study went one step further and analyzed water consumption
too. In the years leading up to the drought, water consumption had
risen exponentially. This meant that the drought had a much greater
impact than ten years ago, regardless of climate change. In other
words, what looks like a weather event fueled by climate change
probably became a disaster due to lack of planning or the ill-advised
use of resources.

The flooding of the River Elbe in 2013—or, to be more precise,
the rainfall that led to major flooding of the Elbe and Upper Danube
in May and June 2013—is another example of a weather event in
which climate change played a role but did not affect the risk of the
event occurring.7 Although thermodynamics suggest an increase in



such phenomena, the observation data (statistics) and model
simulations (physics) both concluded that the probability had not
changed. Therefore, dynamic changes in the frequency of low-
pressure areas must have counteracted the thermodynamic signal.

The climate will of course continue to change as temperatures
rise, and this balance may alter at some point. We did not consider
this in our comparatively old study on the Elbe flood, but we did
include it in our study of the São Paulo drought and all newer
studies. We can project that this balance, in which climate change
neutralizes itself, will continue for São Paulo even if the planet grows
2°C (3.6°F) warmer.

The Great Unknowns: Hailstorms, Tornadoes, and More

If we had perfect models and weather data for all the factors that
drive various weather systems and events, then this chapter would
end here. Unfortunately, we don’t. We are still unable to provide
reliable results for some types of extreme events. These include
hailstorms, tornadoes (like the German tornado of May 2018), and
also meteorological events that take place on such a localized scale
that they cannot be simulated in regular climate models. We don’t
even have any really useful observation datasets for hailstorms that
can tell us when, where, and how many hailstones come raining
down.

For some other events, it is only as we conduct a study that we
realize that none of the climate models can provide reliable
simulations, and that prevents us from determining the extent to
which climate change is involved in a specific event. Climate models
still leave a lot to be desired, particularly in regions such as
mountains where weather conditions can differ greatly on a small
scale. It is equally difficult to simulate the circulation of monsoon
rains at the right time and in the right place.

You won’t read about these events in the general media or even
in specialist literature. Events in which climate change can be shown
to have played little or no role barely make the headlines. Studies
never completed due to a lack of data and models find it even harder



to attract attention; “we tried but failed” doesn’t make a good story.
While this is understandable, it skews public perception of climate
change.

The media tend to pick up on studies in which climate change
plays a clear and major role. This creates the impression that climate
change is making everything worse. Sometimes that’s true,
sometimes it isn’t—for example, the drought in Brazil. And
sometimes it’s very convenient to have big, bad climate change as
the culprit.

It is just as difficult, if not more so, to communicate about events
that have become more likely according to the observation data, but
for which model simulations show no or very little change in
probability. Sometimes this is because models do not simulate key
processes realistically. If we spot this, we can weed out these
models. In other cases, however, models pass all the tests despite
contradicting the weather data—and then we have a problem.

When Humans Counteract Climate Change

There are also cases in which climate change is definitely involved
but its effect on the weather is negated by humans themselves. This
was the case in Phalodi in northwest India, where a record
temperature of over 51°C (124°F) was recorded on May 19, 2016.8
Together with colleagues from Delhi, we performed a study and
established that the probability of such an event had not increased.

This result might seem surprising at first, given that mean
temperatures have increased in India too, but this event is driven by
many factors. First, a great deal more water is being used in the
region today to irrigate fields and farmland, making the air cooler and
moister.

The air is also highly polluted with particles of all varieties, which
reflect the sunlight and cool the air. Climate models are very bad at
reproducing the interplay between radiation and nanoparticles,
making it difficult to test this theory. Nevertheless, it deserves serious
consideration. If it transpired that these particles were masking the



effect of climate change, and air pollution were to improve in the
future, then maximum temperatures would increase massively at
some point. There are other examples of this: maximum
temperatures in Europe soared after industrial operations came to an
abrupt halt in the former Soviet states in the early 1990s and the air
became cleaner. Don’t get me wrong, I’m not advocating dirty air; air
pollution kills a lot more people than heat.

Results such as those for the Indian drought can also be
interpreted as follows: climate change is not yet playing a major role
because human activities are masking its effects. But climate change
could soon be making a much clearer impact, and we need to be
prepared.

Looking to the Future

Attribution studies can only ever capture one moment. While this is
usually sufficient to isolate the effect of climate change, simulations
of the near future are more informative in some cases (like the Indian
heat wave). There, we can see that whatever phenomenon is
currently counteracting the effects of climate change will eventually
be thoroughly overshadowed by climate change itself.

Naturally, the methods we use to calculate how the weather has
been altered by climate change to date can be applied to more than
just the past. We can compare our real world both with a world
without climate change and with the possible world of the future—
allowing us to simulate the weather in scenarios in which the Earth is
1.5°C, 2°C, or even 3°C, 4°C, or 5°C (2.7°F to 9°F) warmer.

Projections of the future are also an important way to check the
results of attribution. If we have established that climate change
plays a clear role and climate models predict a similar, but stronger,
effect for the future, this will boost trust in our statements. If the
projections indicate very different trends, however, then we may
have understood less than we think. Placing the results of our
studies in the context of longer-term forecasts also increases
potential uses of our studies. If we know that climate change plays a



major role and extreme weather isn’t just bad luck, then politicians
and disaster relief services can prepare accordingly.

Day 15

On the morning of September 8, 2017, I sit in my office in Oxford and
open an email from Geert Jan succinctly titled “Update on
yesterday’s call.” It answers the question of how much climate
change has to do with Harvey’s rainfall.

The storm bears one of the clearest signs of climate change of all
extreme rainfall we have studied to date. Climate change has made
this type of torrential rain around three times as likely. This is the
conclusion of the statistical comparison between the simulations of
the current climate and of the world as it could have been without
climate change.

In other words, this sort of downpour would be much rarer without
climate change. With a probability of occurrence of once every nine
thousand years, this event is still highly unlikely, but rainfall like that
of Harvey would become three times as likely with every further 1°C
(1.8°F) of global warming. At some point, an event that might be
experienced by one generation in hundreds will need to be factored
into long-term planning at least.

From the outset, it was clear to me that the result would be a
range, not a specific number. The best estimate is that Harvey has
become at least twice to four times as likely. We cannot rule out the
possibility that it has become ten times as likely.

This isn’t a totally new result; we calculated it using the weather
data while defining Harvey. Today, however, we can compare it with
Geert Jan and Karin’s model simulation, which shows a slightly lower
probability than the observation data, although within the range of
uncertainty. The results are not identical, but they do overlap.

So far we only have one model. For the U.S. model, we only
have the data from the Louisiana study of the previous year, which
didn’t include Houston. And it has taken an annoyingly long time for
the model on the Mexican server to make its way to a server we can
use for analysis. We will need a few more days to incorporate further



models into the study. So this is more of an interim result, at least if
your standards are as high as ours. In principle, however, the result
is solid, partly because it closely resembles the study of the previous
year.

The result didn’t surprise me. Like the results of almost all our
studies, it developed gradually, with no fanfare. But it’s still satisfying
when the pieces of the puzzle finally slot into place.

Now we need to decide whether to hold back or publish this
result immediately. I argue that to publish immediately would be to
ignore our self-imposed standards, given that we’ve only calculated
one model so far.

Other team members point out that the model and the
observation data match and that both reflect what we expect from
the physics. There were no surprises. And the information we have
gleaned has essentially already been publicly announced, if only in
terms of trends and without specific figures. Now that we have the
figures, the pressure is mounting to address the public before
Harvey disappears completely from the media spotlight.

But this is exactly what seems likely to happen; a new hurricane
has started to weave its path of destruction across the Atlantic.
Everyone is talking about Hurricane Irma, which hit the Caribbean
island of Barbuda on September 5 with wind speeds of 186 miles per
hour, leaving indescribable carnage in its wake. Almost all buildings
have been destroyed and a ll 1 ,800 residents were forced to
relocate to the neighboring island of Antigua. Only dogs, cats,
donkeys, and pigs remain, roaming the ruins, masterless and
starving.9

Ideally, we’d now have an answer for Harvey and Irma. But that
would require a much larger team of scientists focused on nothing
but attribution studies.

This is a real dilemma, and I still haven’t found a solution. Our
fastest study was Great Britain’s Storm Desmond, which took five
days—five days in which we focused on that and nothing else. We
won’t beat this record until the 2018 heat wave in northern Europe, a
less complex extreme event for which we have developed sufficient



routines. To answer the attribution question for two hurricanes, we
need either lots of time and people or, at the very least, lots of
experience with the event and lots of people too. The problem can
be solved in the longer term, but right now our situation is urgent and
highly frustrating.

In the end, a colleague at UC Berkeley makes the decision for us.
Climate scientist Michael Wehner tells us that he is also working on
an attribution study, although his is based solely on observation data,
so it’s really more of a detection study. And he’s just sent it to a
scientific journal. This isn’t a huge surprise; Michael and his team
have been working on hurricanes for a long time, and he was
convinced from the outset that real-time attribution studies are
unbelievably important in communicating the significance of climate
change—particularly in the U.S. From a scientific perspective, a
second study is amazing; more data, more methods, and
independent scientists will boost confidence in our results. But from
a communication perspective, it isn’t necessarily good news.
Different methods mean different figures, particularly since the
second study does not include attribution models. Even the slightest
of differences between the studies will make communication more
difficult.

If you analyze just the observation data, you can determine
whether the probability of an event has changed, but you can’t say
whether this change is driven by climate change or other factors.
This isn’t attribution. Michael isn’t claiming any differently, but this
crucial distinction won’t necessarily be clear to laypeople. The study
will be interpreted as an attribution study. We know that, and so does
Michael, which is why he let us know.

Michael’s study will undergo the peer-review process. We have
practically no choice but to engage with this laborious process too.
Ultimately, it is more important to ensure that nobody can play
groups of scientists against each other than to go public as quickly
as possible. And we will be sticking to our own standard: no real-time
attribution studies for new event types.

Nobody is entirely happy with this decision. We have a result,
and while this is, strictly speaking, a new category of event, heavy



rainfall associated with a tropical depression (as in Louisiana) and
heavy rainfall associated with a hurricane (Harvey) are not that
different.

Our reticence will cost us: for quite some time, we will be leaving
the debate to those whose agenda is not driven by data and facts.
And by the time we present our results, people may not be interested
anymore. Nevertheless, I am convinced—and will later be proved
right—that Harvey was such a disaster for the U.S. that nobody will
forget it anytime soon.

In addition, the American environment is so hostile to science at
the moment and so full of “alternative facts” that we need to make
sure our real facts are truly watertight—even more than usual, given
that hurricanes are new territory for us, and the U.S. has changed a
lot since we studied the Louisiana floods in 2016.

The fact that climate change has made Harvey more likely—
whether three times or four—will raise many questions that could
prove uncomfortable for the powers that be in Washington, Austin,
and Houston.

* In this case defined based on the average daily temperature, as this was particularly
extreme.
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IGNORE CLIMATE CHANGE AND
SUFFER ITS WRATH

ONE YEAR BEFORE Harvey submerged the city of Houston in water for
days on end, claimed at least eighty-eight lives, and caused $125
billion in damage (more than any natural disaster in U.S. history
except Hurricane Katrina),1 Mike Talbott gave a remarkable
interview. The longtime director of the Harris County Flood Control
District, which also encompasses Houston, was interviewed by
journalists from the Texas Tribune one more time before his
impending retirement. Asked whether the authority incorporates
climate change into its plans to protect Houston, Talbott responded:
“I’d love to, if somebody would tell me what that is.” He continued:
“Give me a number. What’s the number I should be using instead of
the historical numbers?”2

He went on to state that climate change had not been discussed
specifically and that, in any case, he did not consider heavy rainfall
to be the “new normal”—unlike many of the scientific and
environmental experts of whom Talbott alleged that “their agenda to
protect the environment overrides common sense in a lot of cases.”
His verdict? “They’re anti-growth.”

Talbott cannot be accused of failing to do his job and
surrendering the fourth-largest city in the U.S. to the floodwater. In
his thirty-five years with Harris County Flood Control, he strove to
better protect Houston by expanding canals and river branches. He



did, however, reject more drastic measures such as stemming the
city’s unbridled growth and increasing the number of floodplains.3

Houston has truly lived up to its nickname of the “city with no
limits”: from 1995 to 2015, the population rose by a quarter to 2.2
million. Houston is the only city in the U.S. with no zoning laws—
people can build more or less wherever they want. Constituents
have regularly voted for this. New buildings have even been erected
on floodplains—areas designed to soak up floodwater.

This policy took its toll at the end of August 2017, when Harvey
dumped masses of water on Houston, and the U.S. Army Corps of
Engineers decided to flood a westerly district to stop two reservoirs
from overflowing, preventing an even greater disaster in the inner
city. This district had actually been designed to collect floodwater, but
since extreme rainfall caused by storms like Harvey was estimated
to occur only around every hundred years, this possibility had been
ignored and some areas had been developed.4

The water came at night, inundating streets and houses and
leaving many residents with practically no time to prepare. Some
elderly people reported waking up in confusion, thinking they were in
waterbeds.5

Among the areas to be subjected to controlled flooding was one
of the city’s richest districts, home to many of the people working for
oil companies like BP, Shell, and Exxon-Mobil—companies whose
business models increased the volume of water carried by Harvey.

In addition to the development issues, flood experts criticized the
fact that the drainage system was not designed to handle a massive
storm.6 While better planning could not have prevented Harvey from
inflicting major damage, it would at least have curbed it significantly.

“Houston is the Wild West of development, so any mention of
regulation creates a hostile reaction from people who see that as an
infringement on property rights and a deterrent to economic growth,”
Sam Brody, director of the Center for Texas Beaches and Shores at
Texas A&M University, explained to the Washington Post.7 “The
stormwater system has never been designed for anything much
stronger than a heavy afternoon thunderstorm.”



Houston reflects one American mindset that is hostile to
regulation in any form. It has even made it to the White House: the
Trump administration rejects climate protection as anti-economic and
has even had the concept erased from government documents, as
though one of today’s greatest environmental problems could simply
be dismissed.

Mike Talbott is in good company. Put simply, many city planners
have failed to confront the new challenges presented by climate
change.

When people draw up plans—whatever the subject and scale—
they focus on risks and costs. They need to know which risks they
are willing to take. To do this, however, they need to know what the
risks actually are. It is understandable that planners might choose to
equip their cities only for events that occur more frequently than
every hundred years and categorize all less likely extreme events as
natural disasters that humans are powerless to stop. But they also
need to know what form these extreme events might take. At least
for Houston, the historical figures were obsolete.

Our World Weather Attribution team was able to show that
climate change had made Harvey’s rainfall much more likely and put
this into numbers. Talbott was wrong to state that climate change
cannot be calculated. It can definitely be calculated.

Our study on Harvey was published on December 14, 2017.8 The
press conference took place in the stifling, windowless rooms of the
New Orleans Convention Center, the venue for the annual meeting
of the American Geophysical Union, the world’s largest climate
research conference. Karin represented the World Weather
Attribution team and was joined on stage by Michael Wehner, who
had also produced a study on Harvey. This was Karin’s first press
conference and she was suitably nervous, although you couldn’t tell.
She summarized our findings like a seasoned professional: Climate
change had made the rainfall over Houston much stronger. In
summer 2017, more than 39 inches of rain had fallen over Houston
in three days—12 to 22 percent more than would have fallen in a
world without climate change. Therefore, climate change had made



a significant difference, even if Harvey would probably have laid
waste to the city without it.

Three further studies reached similar conclusions; these had
been conducted by scientists who had studied Harvey completely
independently of one another using very different methods.9 It was a
scientific triumph—particularly for us, as it showed that the World
Weather Attribution team wasn’t just a group of lonely eccentrics, but
scientists who knew what they were doing.

However, extreme rainfall like that of Harvey has become not
only heavier, but also more frequent. The probability of heavy rain as
seen in Houston in August 2017 has approximately tripled due to
climate change—increasing more than we could have expected just
from the link between a warmer atmosphere and greater rain
capacity.

While Harvey remains a very rare, extreme event, it should give
city planners food for thought—and not only because it will grow
more likely with every further 1°C (1.8°F) of global warming and might
not be all that unusual at some point in the distant future.

No, Harvey hints at a far more immediate threat. To explain this, I
need to start with Emil Julius Gumbel, a publicist and radical pacifist
born in Munich in 1891. As well as staunchly defending the Weimar
Republic, Gumbel made a name for himself in mathematical circles
through his work on statistics. The Gumbel distribution, which
describes a statistical particularity, was named in his honor. As we
discovered, extreme rainfall in many parts of the world—and in
Houston too—follows this distribution: in contrast to seasonal
averages (for example), heavy rain in Houston always behaves in
the same way, regardless of how rare the event is. This means that if
an event that occurs every thousand years becomes three times as
likely, so does a once-in-a-century event (although greater
uncertainty surrounds thousand-year events due to scarce data).
Therefore, once-in-a-century rainfall of 4.13 inches per day in a
world without climate change now occurs every thirty years or so.
While this might not be as intense as Harvey (13.97 inches per day),
it would probably still be enough to trigger a disaster.



Our study was mentioned in more than a thousand media
reports, many of them highly detailed and well informed, such as
those in the Washington Post and New York Times. Even Breitbart
ran an Associated Press article that quoted Karin, who, when asked
whether climate change had made Harvey more likely, answered
with a clear “yes.”10 All this attention raised public and political
awareness that climate change is real and is taking place here and
now.

Houston’s city planners and decision makers could have really
used a study like ours before Harvey arrived. And yet the preceding
years had certainly brought many warnings that climate change was
increasing the intensity of rain in and around the city.11 The series of
tropical storms that had afflicted Houston since 1998 might also have
set them thinking. A few years before Harvey, hundreds of
homeowners in the city and surrounding area sought compensation
for flood damage caused by three tropical storms between 1998 and
2002 alone. The court rejected their lawsuit by a majority, pointing
out, among other things, that even by the homeowners’ accounts,
the flooding had several causes including “acts of God.”12

Under the reign of Talbott and his successor, recent
developments in climate change were simply not incorporated into
planning. Calculations of events likely to occur once a century were
based on data from the middle of the twentieth century, a time when
the average global temperature had increased by only one or two
tenths of a degree.

Waiting Until Disaster Strikes

Houston is not an isolated case. After Hurricane Katrina hit New
Orleans in 2005 and set the record for hurricane damage so early in
this millennium, you might have thought that U.S. cities and states
would align their flood protection measures with climate forecasts.
But any action that was taken wasn’t initiated until after disaster had
struck. It wasn’t until Hurricane Sandy that New York moved its



emergency hospital generators from basements to higher stories.
North Carolina also waited too long.

With its long, low-lying coast, North Carolina is particularly
vulnerable to storms. A few years ago, its Coastal Resources
Commission developed a worst-case scenario that predicted a sea
level rise of 39 inches over the next century. Politicians responded,
although not as you might expect: in 2012, North Carolina’s
government passed a law prohibiting policies based on such
forecasts.13

Why? Because building contractors feared that real estate and
property values would drop dramatically and insurance premiums
would rise. Rather than adapting to the increased sea level expected
in the worst-case scenario, politicians decided to classify this as a
much lower risk—based on historical data. Little changed under the
new governor, Roy Cooper, despite his announcement that North
Carolina would join the alliance of American states committed to the
goals of the Paris Agreement. “Instead coastal development
flourishes as more beachfront buildings, highways and bridges are
built to ease access to our beautiful beaches,” coastal geologist
Orrin Pilkey wrote in the regional daily News & Observer. “Currently
the unspoken plan is to wait until the situation is catastrophic and
then respond.”14

It didn’t take long: in mid-September 2018, Hurricane Florence
submerged large portions of the state (along with South Carolina and
Virginia). Dozens of people lost their lives in the floods, and experts
estimated the damage at $24 billion.15

If city planners were always aware of all possible risks, there
would be no need for attribution studies. Everyone would know the
critical events and would consult climate simulations and weather
data in appropriate measure. However, most people,
understandably, don’t think about the risks or realize their own
vulnerability until something happens. Climate change only becomes
interesting when it affects one’s own interests. And most people’s
interests are restricted to their own location and time. There has
always been extreme weather; of course there has. But when an



attribution study exists, nobody can shrug off a disaster as mere bad
luck.

Europe is no exception, as the record-breaking heat wave of
2003 shows. Hospitals and authorities were not at a ll prepared.
Given the high number of victims, there was no avoiding the
question of whether this was just weather or whether the changing
climate also played a role. One year later, the first attribution study
provided the answer: climate change had made this sort of heat
wave twice as likely.16 Sweltering summers were here to stay.

Europe has actually adapted in the meantime. When France was
hit by a similar heat wave in 2006, far fewer people died than three
years before. However, the authorities’ response was largely due to
their shock at the high mortality rate in 2003, not the attribution
study. When the study was released in 2004, it did at least provoke a
discussion in Europe about climate change and heat—based on
specific figures, which may have emphasized the need for better
preparation. For example, the foreword to the heat wave plan drawn
up by the British National Health Service in 2004 cites the figures in
this attribution study.

Surprised by the Vagaries of Climate Change

However, the case of the Netherlands shows that plans must be
continually updated to accommodate the evolving consequences of
climate change. Since 2003, whenever summer temperatures rise,
the Dutch authorities have regularly reminded people to stay
hydrated, avoid direct sunlight, and, in case of doubt, to sleep on the
sofa if their bedroom gets too hot. From June to August, these
reminders and measures help to minimize heat victims.

But then came September 2016. For one week, day and night,
cities like Amsterdam and Utrecht experienced extremely high
temperatures. Suddenly the hospitals were full of dehydrated elderly
people. What happened? Had they learned nothing since 2003?

While the authorities responsible for heat waves had learned
some lessons, they had only planned for the meteorological summer.



Once the season ended in August, they saw no further risk of heat
waves; there were simply no plans in place for September. The
September heat was another wake-up call, teaching us to define
heat not by the calendar, but by actual temperatures. An attribution
study (in Dutch) by my colleague Geert Jan of the Royal Netherlands
Meteorological Institute did succeed in emphasizing how important
this was for the Netherlands.

If you want to prepare your area for the capricious weather of the
future, you need to know exactly how climate change will take effect.
Paying little or no attention can prove fatal, but overestimating its
impact can have serious consequences as well.

In summer 2018, U.S. researchers writing in the scientific journal
Nature Climate Change described the potential repercussions of
knee-jerk responses to extreme weather events.17 They described
cases in which short-term, highly localized measures can prove
counterproductive in the long term: for example, dikes repaired
immediately after floods, even though their height needed to be
completely altered or the water management system simply didn’t
work. Or cities and districts investing heavily in sandbags even
though flooding was extremely rare for them and their regions were
much more susceptible to totally different weather events, such as
droughts—which were, in turn, ignored.

Attribution studies do not universally protect against knee-jerk
reactions and maladaptation, as it is known in specialist circles—
adaptation measures that are either superfluous or that heighten,
rather than reduce, vulnerability in the long term. However,
attribution studies—particularly those made available shortly after an
event—can help planners better assess the actual risk by calculating
the likelihood of an event in the current climate and then gauging
whether and to what extent this has changed and will change in the
near future. If a dike is unable to withstand an event that occurs once
in a thousand years, totally different measures are required than if a
more frequent event would cause it to collapse. A different response
again is required if a weather event becomes less, rather than more,
likely.



There is plenty of need for attribution studies, no doubt about it.
To date, however, governments have rarely used these studies to
adapt to the consequences of climate change. It may be that our
discipline is still too new, that it is still fairly unusual for scientists to
deliver information quickly. We will know that our work is truly
successful when it is established in the minds of the public and
decision makers alike, and we are regarded as boring instead of
wacky. This will probably happen faster than anticipated.

The Plan: A European Attribution Team

In October 2017, representatives of European weather services and
scientists from our field met in the basement of the Czech Ministry of
Transport in Prague’s Old Town. Their goal was to develop a
permanent European attribution service that would examine every
possible case of extreme weather to determine the role of climate
change.

The meeting was organized by the Copernicus Climate Change
Service, which develops climate forecasts for the European
Commission and national governments and proposes ways in which
European nations can adapt. The meeting in Prague was supposed
to clarify whether a European attribution service was actually
necessary. Instead, the discussion focused on when and how the
idea could be implemented.

Ideally, the service would start work in the near future, focusing
on nothing but the causes of weather events and delivering results
within days—even on public holidays. In other words, it would be
constantly searching for fresh and immediate answers to the impact
of climate change on Europe’s weather.

Initially, studies would inevitably be restricted to heat waves, cold
spells, and large-scale extreme rainfall. Before we can tackle wind,
droughts, and storms, we need to gain more experience with the
methods, incorporate better models, and, in some cases, develop
whole new methods. However, it is already apparent that at some
point, attribution studies will become routine, a natural part of
government and authority planning.



National weather services have already begun using our studies.
Since we showed that it works, journalists have started calling these
services after every extreme weather event to ask about the role of
climate change. As a rule, those consulted need to exercise caution
and stick to talking about global developments. We can, however,
examine individual droughts or floods for the hallmarks of climate
change, although our small team can only cover relatively few
events. The resources of the weather services and our expertise
would complement each other well.

In January 2018, I visited the German Meteorological Service
(DWD) in Offenbach. We discussed how the DWD could begin
performing attribution studies for Germany. The enormous scale of
the DWD was a bit of a culture shock for me, as someone used to
making many decisions herself and working in teams of two to five
people. Nevertheless, we managed to find some common ground,
and the DWD is now planning its own small team to attribute individual
weather events to climate change within a few days. From 2020, the
DWD aims to publish its findings on floods, heat waves, and rainfall
immediately on social media followed by studies one or two weeks
later. Paul Becker, vice president of the DWD, told Nature that “it’s
part of our mission to illuminate the links between climate and
weather.”18 He went on to say that “there is demand for that
information, there is science to provide it, and we are happy to
spread it.”

If extreme weather were to be continually examined for the
hallmarks of climate change using standardized methods, decision
makers would be better able to plan than if confronted by loads of
studies in which a “heat wave” means something different every
time; after all, we have spent most of the last five years trying to
determine which methods are most suitable. In the last couple of
years or so, scientists have reached something of a consensus on
the structure an attribution study should take to offer the most robust
results possible and to clarify specific questions—for example,
regarding heat stress or temperatures. The time has come to launch
operational attribution services. This would be a huge step forward



for our discipline and a great opportunity to raise awareness of
climate change and extreme weather among the general public.

While important for industrialized countries, regular attribution
would be crucial for developing and emerging countries where
extreme weather has far more dramatic consequences. Not only are
these countries much more vulnerable, but they are seeing the
impacts of climate change rise much faster than elsewhere.19

Then again, many governments in the global South often
instinctively point to climate change and the historical guilt of the
West whenever a storm or heat wave has disastrous impacts on
their country, even though many causes can often be laid at their
own feet.

What we need is clarity, and this is what our studies provide.
Once we know which drivers are truly responsible for disasters in the
wake of extreme weather, we can act.



 CHAPTER 7 

FACTS NOT FATALISM
Identifying the Causes of Disasters in Order

to Act

WHEN I FLEW into Cape Town in February 2018, the first thing I
noticed was the “Day Zero” warning posters promoting water
conservation. In the public restroom, I turned on the faucet but not a
single drop of water came out. Antibacterial gel was provided
instead. The hotel bathroom contained a bucket for guests to collect
their shower water so it could be used for cleaning. And the washing
machine’s drainage pipe was connected to the toilet, explaining why
foam came out every time I flushed.

Cape Town’s water reserves were running low and the authorities
had announced that the coming months would bring a “Day Zero,” as
of which there would be no running water at all. For three years, the
region had been suffering its worst drought in over a century.

This was the reason for my visit. Together with colleagues from
the University of Cape Town, our team wanted to plan a series of
studies investigating the influence of climate change on South Africa
and the continent as a whole. At the top of the list was an attribution
study to investigate the role of climate change in the ongoing
drought.

In the area around the city, irrigation had been switched off and
fields were drying out, resulting in serious crop failures and millions
of dollars of damage. Now Cape Town itself was also in danger of
losing its water supply.



About a month later, however, at the start of April, the authorities
gave the provisional all clear and pushed Day Zero back to the
following year. Thanks to drastic water rationing, Cape Town had
narrowly avoided disaster.

The rain returned in June and started refilling the city’s six large
reservoirs. What remained was unease. Was climate change to
blame for the drought? If so, how should a city rightly proud of its
efficient water management prepare for a future lack of rain?

At the end of July, we were able to answer this question. By
running computer simulations and analyzing data from eighteen
weather stations, we calculated that climate change had tripled the
likelihood of a drought like this in Cape Town.

So while an event like this would be expected every three
hundred years in a world without climate change, it will now occur
every hundred years. This might not sound particularly alarming, but
a look to the future puts it into perspective: if the global temperature
increases by another 1°C (1.8°F), the probability of such a drought
could increase by the same factor again. This extreme aridity would
then occur every thirty-three years or so and become even more
likely with every further degree of global warming—turning a once
rare event into a fairly common occurrence.

Colleagues in Cape Town can now use our study to help
authorities plan for the future and for water shortages. The city
currently draws almost all of its fresh water from its reservoirs. It
would probably be better to diversify and obtain some of its supply
from groundwater, for example. In an emergency, desalination plants
would also be an option.

The effects of climate change are felt most keenly in developing
and emerging countries, first because of their particular vulnerability:
in the poorer areas of the global South, basic house structures would
barely withstand a heavy storm. In addition, authorities’ drought
warnings and heat wave recommendations often do not reach the
population at all, resulting in far greater damage than necessary.

Second, the risk of extreme events is rising disproportionately in
these parts of the world. An increase in droughts or floods can set
economies back by years. For example, 2004’s Hurricane Ivan



destroyed all nutmeg production on the Caribbean island of
Grenada, devastating one of its most important exports.1

Information about the actual change in risk is crucial in
minimizing this risk and making a country as resilient as possible, at
least if the information is made available when needed—straight
after the event, when decisions are being made about rebuilding,
resettlement, and compensation.

For this to happen, the information must get to the people who
need it. In developing countries in particular, decision makers and
journalists have very little access to attribution studies; both the
weather data and scientists in our field tend to concentrate on
industrialized nations.

However, as in the global North, if politicians and planners are
not aware of the various climate signals and do not consider data-
based evidence, they run the risk of making disastrous decisions—
for example, rebuilding in areas highly likely to be washed away
again the next time it rains.

Climate Change Isn’t Always to Blame

Conversely, there is also a danger that the role of climate change
may be exaggerated. Some political leaders (particularly, but not
exclusively, in the global South) instinctively blame all damage
caused by extreme weather on climate change and, therefore, on the
West.* This is understandable; developing countries suffer more
extreme weather than industrialized countries, and, of course, have
contributed the least to climate change. The majority of greenhouse
gases have been emitted by the West, which for centuries has
profited hugely from burning fossil fuels. The World Bank2 and the
United Nations3 make the same point. However, this mindset, while
justified, can also prove a hindrance and limit the scope of action—
particularly if climate change is not a major driver of a drought or
storm and the ensuing disaster is simply a case of bad luck or (to
some extent) poor planning or preparation.



East Africa is a good example. In a world of global warming,
climate researchers expect droughts to become more intense and
more frequent, which is why East Africa’s many dry spells over the
past years have been commonly accepted as a sign of climate
change.4 In 2 015, Ethiopia experienced one of its worst droughts for
decades. Hundreds of thousands of farmers in the north and center
of the country lost their crops and most of their herds; eight million
people relied on food distributed by international aid organizations.

When we talked with them, government officials and NGO
(nongovernmental organization) representatives were convinced that
the aridity had been caused by climate change, or at least that this
was a major factor. The country had taken corresponding measures
to adapt to future droughts. Following the recommendations of some
studies, irrigation systems had been built based largely on forecasts
of average changes (the average rainfall to be expected).5 Satellite
images also showed that farmers were watering their fields and
farmland more.6

But was climate change really to blame? Had it significantly
increased the likelihood of droughts in East Africa?

Using statistical analyses of weather data and climate models,
we simulated countless potential weather scenarios and showed that
the drought in Ethiopia was an exceptional extreme event only to be
expected every few hundred years on average. Our attribution
studies did not show that climate change was the main factor or had
made the lack of rain far more likely.7 While temperatures in East
Africa are rising due to global warming (which normally increases
water evaporation), evaporation rates were already very high in its
dry and hot regions. If there is no water, it can’t evaporate, so the link
is not as clear as in other parts of the world.

But if climate change wasn’t the deciding factor in the intense
drought, then what was? The natural variability of the climate? Or
perhaps other factors outside the climate system? Should politicians
and planners in Ethiopia and its neighboring countries be asking
whether they could have been better prepared? It is possible for a



particular country to become more vulnerable even though drought
frequency and intensity haven’t changed that much.

In addition to the atmosphere, ground humidity and the status of
reservoirs are also important, as are vegetation density and species.
Humans can have a major influence on all of these factors, for
example by clearing forests, altering their agricultural practices, or
converting grasslands into fields. Of course, the level of preparation
also determines how problematic a drought will be. To what extent
does the population depend on the rain? When do they become
aware of an impending dry spell? What reserves are available to
survive a bad harvest, and to whom? And how many people are
insured?

Most of East Africa’s population depends on agriculture. While
the people in the north tend to move from place to place depending
on the season, central East Africa grows lots of corn—a field crop
that only thrives if it gets enough rain. Farmers who focus mainly on
corn are therefore particularly susceptible to drought. Droughts have
always been a fact of life for the people of East Africa and yet they
have continued to grow corn, despite the risk of veering between no
harvest and abundant crops year by year.

On one of my visits, Dr. Abiy Zegeye of Addis Ababa University
explained that a corn farmer enjoys a lot more social prestige than
someone who grows millet or other, less exciting, basic foodstuffs.

Rice is another important field crop in southern East Africa. While
it copes relatively well with high temperatures, it also needs a
comparatively large amount of water—making it vulnerable to
droughts.

Over the past decades, Ethiopia has also cleared a large
proportion of its forests. The government is now turning its attention
to remote regions, distributing land rights and building roads.

To counteract the droughts, government authorities began to
build irrigation dams. However, these triggered floods that destroyed
pastures and forced the nomadic Afar herders to move to other
areas, in turn fueling conflicts and reinforcing social tensions.8 While
this was not the government’s intention, and the irrigation system



may have provided more water for the local population, its actions
actually increased vulnerability in times of drought.

Politicians have a tendency to blame climate change and to
tackle the drought, rather than working to make a region more
resilient. They fight the effect, not the cause. Weather is seen to play
an overwhelming role, and well-intentioned reports from the World
Bank (for example) lead them to place the blame on climate change.
They may truly believe that climate change is the region’s biggest
problem, but it can be convenient to have someone or something to
blame.

Our studies on Kenya, Ethiopia, Somalia, and East Africa as a
whole have shown that climate change was not the main reason for
the lack of rainfall.9 This doesn’t mean it wasn’t involved somehow; a
lack of rain is not the only thing that makes a drought. If the
information we obtained about the Kenyan drought of 201710 had
been available to decision makers in 2010 for Ethiopia, and
attribution researchers worked more closely with social scientists,
different measures might have been available in the Afar region:
measures that focused not just on a specific meteorological event,
but also on the social and political structures that largely caused the
high economic and social losses.

Improving education can sometimes be more useful than building
reservoirs. Developing countries are not the only ones to focus on
the wrong things; foreign development organizations will often
arrange for a well or reservoir to be quickly constructed to use funds
that will dry up at the end of the financial year. Long-term projects
are difficult to finance. Attribution won’t eliminate this long-standing
problem, but if we can show that a certain weather pattern is no
coincidence—with specific data tied to real experiences—then we
can at least improve awareness and, hopefully, help funding and
development projects to be deployed more efficiently.

Politicians on the Spot: Inaction Is No Longer an Option



What happens if we show that climate change was not the main
culprit for once? On a positive note, this gives power to decision
makers; their actions to develop a region will not be immediately
ruined by more intense and frequent droughts, for example. It also
imposes an obligation on decision makers. Failure to act despite the
new evidence would be dereliction of duty, if, for example, a
government does nothing to alleviate the consequences of droughts
or other natural events by making its people more resilient.

This might sound drastic, but it is crucial to emphasize that the
failure to build resilience is not a deliberate act. This research is not
about apportioning blame or absolving the West, but about
determining facts, exploring potential action, and giving agency to
local people. I assume that even autocratic governments have a
vested interest in making their people less vulnerable. But even if the
will is there, the opportunities may not be. The political structures
required for action are often lacking (not exclusively in Africa, of
course), along with the data that will enable people to prepare
themselves for extreme weather.

The Kenyan government is one example of the need for these
data; the politicians were very interested in our attribution study on
the 2017 drought, even though the result, once confirmed, was not
easy to communicate.

The dry period not only affected parts of Kenya, but caused
havoc in Somalia and sent a wave of refugees fleeing to Kenya.
When it became clear that climate change was not (as expected) a
major cause, however, enthusiasm about our findings was muted as
government employees and NGO representatives realized that
communicating this was going to be tough.

Preparing for the press conference was suitably tricky. We spent
many hours sitting in the garden of our hotel in Nairobi, honing every
last word. At the very least, it allowed us to escape the dust and
noise of the city and enjoy the shade of palm trees full of frolicking
monkeys.

While I would have preferred to emphasize that climate change
was not the main reason for the lack of rain, the headline of our



press release stated that we were uncertain as to the temperature’s
role in the region’s droughts.

Along with government representatives, we presented the results
in Nairobi in March 2017 as the drought continued in Somalia.
Despite the initial difficulties in presenting the results, it was a great
success for our discipline and science as a whole. The government’s
participation shows that attribution studies are important and
welcome, even when the results do not necessarily serve all political
interests. It also indicated that, sometimes, governments do actually
want to understand the true causes of weather events to ensure that
they take the right actions.11

Attribution studies can encourage development and climate
change to be considered together, rather than being played off
against each other—particularly if a study is performed at the right
time (i.e., during a drought or immediately after a flood). Studies
produced wholly or partly by local scientists, like the study on the
drought in Kenya and Somalia, are essential, though. Nobody
understands the local meteorology and environment like the locals,
and there is nothing worse than a few European scientists turning up
and claiming to know everything about the place.

We work closely with the Kenyan weather service—most recently
in spring 2018, when Nairobi was battling floods. In South Africa, too,
we are working with scientists from the University of Cape Town on a
new project that builds on our experiences in Kenya to explore how
Africa can effectively adapt to the extreme weather of the future.12

All around the world, our studies have shown that in some cases
climate change plays only a minor role in extreme weather events
compared with other driving factors. Even if an event bears the
hallmarks of human-caused climate change, other factors will also
be important. Automatically naming climate change as the sole
cause of disasters is, therefore, implausible and fails to recognize
the reality of a complex system with many intertwining social and
physical factors. Conversely, to reject climate change entirely is to
misjudge reality.



In an increasingly complex world, simple answers can be
seductive. Environmental and development organizations often
simplify connections to gain easier access to donations. This is
understandable to an extent and is part of their work, but sometimes
headlines can be a bit too misleading. For example, Oxfam
published its own press release shortly after our press conference in
Nairobi. The results of our studies were included in the document,
but the headline read: “A climate in crisis—how climate change is
making drought and humanitarian disaster worse in East Africa.”13

The organization undoubtedly wanted to help the people in the
region, and there is no doubt that temperatures are rising and that
this can be attributed to climate change. However, the connection
between rising temperatures and these droughts is speculative at
best.

Fleeing the Climate and Weather

For some years, people around the world have been discussing the
influence of climate change in Africa and Southeast Asia in another
context too: “climate refugees” are now often mentioned by the
media, which already focus heavily on refugees.

However, there are currently very few indications that increasing
numbers of people are actually migrating (yet!) due to weather or
climate events. When people are forced to leave their homes due to
droughts, floods, and other natural disasters, it is not known whether
they do this because climate change may have amplified these
events; at least, there are no attribution studies on weather events
for which refugee figures are available.

A person who decides to leave their home in Africa will usually do
so because of military conflict or other political or economic factors;
even weather refugees, some of whom are climate refugees, will
often leave the region but not the country itself, and in many cases
will return home. Climate refugees do exist, but they are more likely
to move from, for example, Bangladesh’s smaller towns and cities to
its capital, Dhaka, or from Somalia to Kenya.



Migration is a highly complex topic and a tricky subject for
scientific research. There are many reasons why a person might
become a refugee. This makes it easier to see what you want or
expect to see depending on your worldview, while facts that demand
a different interpretation tend to be ignored. Most of the time, this
isn’t intentional.14 While there may be a wide variety of methods and
studies on the causes of migration and migration flows, and just as
many studies on climatic changes all around the world, there is little
overlap between these two very different scientific fields. Scientific
evidence of when and how many people actually flee their homes
due to climate change is therefore extremely thin on the ground.*

From a global perspective, it is clear that climate change will
fundamentally alter the lives of millions of people. Rising sea levels
will render island nations uninhabitable with flooding during every
storm. In a low-lying, heavily populated country like Bangladesh,
many people may be forced to modify their livelihoods and leave
their homes, as the next chapter will show. Climate refugees will
exist; they may already exist, but there are no reliable figures to
show whether they are permanently leaving their home countries or
continents and how many of them there will be.

Together with social scientists, we can use our attribution studies
to try to shine a little bit more light and bring facts to a debate that
largely ignores the reality of refugee movements. Lisa Thalheimer,
one of my students, plans to do just that. She has already worked for
the World Bank on East Africa. For the first part of her doctoral
thesis, she has analyzed all studies of weather and migration in East
Africa to see whether they make a connection with climate change.
The initial conclusion is that they do not. In most cases, the link
between migration and a weather event (or several events) has not
been quantified or documented.

Next, she is looking at weather data and migration databases in
order to link them with attribution methods. It is not yet clear whether
these new, systematically collected data can be used to establish a
causal link between migration and climate change.



From a scientific perspective, it is not surprising that there is no
simple, causal link between climate change and migration. Scientists
at the University of Hamburg have studied potential climate refugees
in various Asian countries and West Africa on behalf of Greenpeace.
Their study was published in May 2017.15 They too found that when
extreme weather triggers a natural disaster, people only flee if other
political and social factors come into play. The study also makes it
clear that the number of people making their way to Europe is
extremely low compared with those who sit tight or move to another
region or a neighboring country until the situation improves.

However, the study was only able to discuss the connection
between these weather events and climate change in general terms
—for example, stating that more heavy rain and floods are to be
expected as a global average. No specific numbers were provided
for the cases featured. We now have some of these numbers, for
example on the two events captured in photos in the Greenpeace
report: a flood in Thailand in 2011 and a drought in the Indian state
of Maharashtra, which led to significant crop failures in 2016. In the
case of Thailand, we were able to show that climate change had not
changed the probability of extreme rainfall, the cause of the floods.16

We do not yet have a definitive result for Maharashtra and are
currently working on an attribution study with the Indian Institute of
Technology Bombay. Preliminary results suggest that climate change
was a contributing factor in this drought, which in turn sent a wave of
people fleeing to Mumbai.17

In many cases—such as the Thailand example—these supposed
climate refugees do not exist. In other cases, such as Maharashtra,
a lack of social infrastructure, as well as political instability and
inefficiency, means that climate change amplifies disasters resulting
from weather events. In other words, climate change must be stated
as the reason why people fled, even though the situation was
determined by totally different problems that have been
overshadowed by the “climate refugee” argument. If we can shed
light on this issue, then one battle has been won—particularly in a
debate largely free from facts and fueled by emotions.



This chapter has been the hardest to write. I am aware that
everything I have said over the last few pages could be terribly
misconstrued. And yet the content of this chapter is one of the main
reasons why it is important to attribute individual extreme events like
droughts and floods. If we can pinpoint when climate change did or
did not play a crucial role, then we can help to solve problems.

In no way am I suggesting that industrialized countries should
stop worrying about the problems in the global South simply because
climate change, for which they are largely responsible, is not the
main culprit in every single case. As the historically greatest source
of emissions, industrialized countries are accountable and must
relieve developing countries of some of the burden they carry today
and will carry in the future. We are now able to determine, though,
where climate change really is a game changer, and where other
causes dominate. As the next chapter will show, this makes a huge
difference.

* Here, “the West” is synonymous with the traditional industrialized countries.
* Studies fall back on global, long-term estimates of the costs and impact of climate

change, from sources like the IPCC reports or Nicholas Stern’s The Economics of Climate
Change.



 CHAPTER 8 

A QUESTION OF JUSTICE
The Cost of Climate Change and the

Responsibilities of Industrialized Countries

BANGLADESHI SCIENTIST Dr. Saleemul Huq doesn’t necessarily look like
someone who’s about to change the world. Reserved but friendly, he
seems unassuming at first, or at least he did when we shared a
podium at the 2016 global climate conference in Marrakesh to
discuss his life’s work: Who should pay for the increasing climate-
related loss and damage (as it is known in conference jargon) seen
throughout the world?

This loss and damage occurs because the world has relied on
fossil fuels for too long, allowing human-induced climate change to
develop consequences that cannot be or are not being prevented
through adaptation: torrential rain washing away entire houses,
storms pushing seawater onto the land and ruining crops in coastal
fields, and people dying in extreme heat.*

Dr. Huq is an old hand at global climate conferences and has
participated in all twenty-five summits so far. Among other things, he
encourages the world’s poorest countries to go on the offensive,
advising them that such damage has long since become normal and
that the people behind it—the industrialized countries—need to pay.

Most people don’t dare discuss the topic openly, but he doesn’t
mince words, which is probably why scientists, advisers, and
politicians all flocked to him after our podium discussion, eager to
exchange a brief word with the influential director of the International



Centre for Climate Change and Development in Dhaka.† This
happened every day of the two-week conference, and my colleagues
reported the same at previous conferences in Paris, Lima, and
Warsaw.

Dr. Huq knows what he’s talking about; after all, his country is
facing a huge problem. Not only is Bangladesh one of the world’s
poorest countries, it also has one of the densest populations, with
around 165 million inhabitants over 57,915 square miles—half the
size of Germany with around double the people. One in three people
live by the coast, where the Ganges and its tributaries form a delta
with sprawling, fertile fields and green forests. This region is
particularly vulnerable because it is flat and low, a suitably large
target for the ocean, which is slowly swelling thanks to global
warming.

Bangladesh is used to water; it depends on it. A quarter of its total
land surface is submerged at least once a year when the monsoon
rains descend and rivers leave their beds. This flooding benefits its
many rice fields, which are nourished by the soil the river brings.
Rivers are so important that they are typically described as the
“mother” of the country.

But if the mother starts to drown her children, then there’s a
problem. Since the 1960s, Bangladesh has been taking measures
against this, reinforcing riverbanks and strips of coastline with all
manner of dams and barricades, particularly in the southwest.
Sometimes, however, these exacerbate the problem by preventing
the traditional interaction of water and land: if the river water cannot
distribute its sediment over the land because the canal and river
walls are holding it in and building it up, then the land to its left and
right will sink. Even at normal water levels, the surface of the water
will be higher than the land, like a full bathtub. If a cyclone destroys
the dams, severe flooding may wash away huts, people, and animals
with waves of mud. In 2009, for example, Cyclone Aila pummeled
the country with storm surges, breaching several embankments.
More than 150 people died and the damage amounted to $270
million. Geologists visiting the affected area determined that the



marshland outside the dams was over a foot lower than the average
floodwater level.1

Still, the country responded as usual: by building even higher
dams, with $400 million of funding committed by the World Bank.
However, some farmers have learned from the mistakes of the past
and have started to experiment with the opposite approach—
controlling water inflow through targeted gaps to relieve the pressure
and stop the land from sinking.

Bangladesh is exposed to potential natural disasters on all sides:
fluctuating monsoon circulation, floodwaters breaching riverbanks,
storm surges caused by tropical cyclones. In such a poor and
vulnerable country, even a slight increase in the intensity and
frequency of extreme weather will have serious consequences. One
of our most complex attribution studies to date focused on the
flooding of the Brahmaputra delta in 2017. We concluded that
climate change had made the rainfall that caused the flooding
around 70 percent more likely.2

Current events are just the beginning. The rising sea level will
pose a real threat to the country’s survival: the sea level off the coast
of Bangladesh is forecast to rise up to 4.9 feet by the end of the
century.3 Calculations show that this would eat up 16 percent of its
land surface and force millions of people to relocate.4

Rich Countries Don’t Want to Change the System

Wherever you look, it’s obvious that climate change has led to loss
and damage: Bangladesh, the American east coast, the small island
states, and Indonesia, which, with vast parcels of low-lying land, was
hit particularly hard by the tsunami of October 2018. So it’s all the
more astonishing that this problem was barely discussed for such a
long time. For years, the topic played no role at all at climate
summits. As so often, this first comes down to money.

Loss and damage means high costs, costs that someone has to
pay. And since these costs are largely incurred by countries that
have contributed little to climate change, this raises the question of



justice and responsibility—a question that, for this very reason, the
main contributors to climate change do not want to answer under
any circumstances. People who profit from a system often don’t want
to change it; rich states and fossil-fuel-exporting countries benefit
from fossil fuels. They say the right things and then prevent
necessary measures from being taken. This is one of the main
problems with climate negotiations.

I am reminded of these main contributors every morning when I
get to work and make a coffee. A poster on the kitchen wall shows
two footprints comprising circles of varying sizes.5 Countries with
particularly heavy carbon dioxide emissions are given suitably large
circles, while countries with light emissions have small circles. In the
footprint that represents total carbon emissions by nation, the U.S.
forms the heel, China most of the ball of the foot, Europe and Russia
the arch, and India the big toe. All other countries have smaller
circles; the African nations are barely visible.

Admittedly, this graphic is almost ten years old now, and China
has overtaken the U.S. as the greatest source of emissions (if
looking at annual emissions). Nevertheless, the image clearly shows
who has been growing rich by burning fossil fuels. The larger the
circle, the greater the responsibility, especially considering the
historical dimension.

The second reason why climate-change-related loss and damage
was long considered a problem of the future is connected to
attribution science: it is only in the last few years that we have been
able to attribute specific extreme events to climate change—and
thus to determine and quantify the actual damage caused by climate
change. As of 2018, the scientific journal Nature has counted around
190 cases in which climate change has been observed to influence
events that have caused real damage in the here and now.6

Is it a coincidence that international politics began to take the
subject seriously and take action in the last few years as well?

For many years, the small island states in particular have
attempted to build pressure. For many of these countries, climate
change is no uncertain, incalculable issue to be tackled in the distant



future, but a question of survival. To advance their cause, they
formed the Alliance of Small Island States and added loss and
damage to the agendas of global climate summits. They have also
called for global warming to be restricted to 1.5°C (2.7°F) and to be
compensated for their loss and damage by the people who have
caused climate change. For a long time, they were ignored.

This changed in 2013, when climate diplomats decided at the
(otherwise unremarkable) climate summit in Warsaw that, in the
future, they would in some way attend to the damage caused by
rising sea levels and extreme weather events.

The small island states, and people like Dr. Huq, achieved their
actual breakthrough in December 2015 at the climate summit in
France. The world’s nations had reached an agreement on the Paris
climate accord, which they all ratified or accepted. The global
community committed itself to limiting global warming to 2°C, or even
1.5°C if possible; for some island states, the margin between these
two values is the difference between survival and destruction.

The agreement also explicitly acknowledges loss and damage as
a consequence of climate change, the importance of recognizing this
loss and damage, and preventing it where possible.7 This passage
can also, if one is very generous, be seen as recognition of our work
and an indirect mandate for attribution science.

We would not have expected such success; for quite some time,
the industrialized countries refused to engage with the topic at all.
Ultimately, it simply could not be ignored—the loss and damage
caused by climate change has become too obvious, and while loss
and damage means something different for almost everyone, we are
now able to calculate it for individual cases using one very specific
definition.

A Global Problem Nobody Wants to Name

Industrialized countries aren’t putting their heads too far above the
parapet just yet. While they acknowledge climate damage, they have
added a special clause to the Paris Agreement expressly ruling out



any form of compensation for loss and damage caused by climate
change.* So while the agreement specifically determines that loss
and damage will not be compensated, the actual definition of loss
and damage remains pretty vague. This is where things start to turn
Kafkaesque.

An older UN document talks of the “actual and/or potential
manifestation of impacts associated with climate change in
developing countries that negatively affect human and natural
systems.”8 When we used this definition in a scientific article,9 we
were told by people working on loss and damage within the UNFCCC
(UN Framework Convention on Climate Change) that this is in no way
an official definition, that no official definition exists, and that no
meetings or official negotiations are being held to develop a
definition. We were asked to publish a clarification to this effect.

We fulfilled the request, if with some astonishment.* From a
scientific perspective, I see little sense in conducting official
negotiations on a topic when nobody knows exactly what it means. If
I had become a diplomat or politician rather than studying philosophy
and physics, I probably wouldn’t have been so surprised. It makes
plenty of political sense to keep a phrase like loss and damage as
vague as possible, particularly when the people at the negotiating
table have widely varying interests. If a clear definition had been
established, the concerns of the island states and other developing
countries probably wouldn’t have made it into a document as
important as the Paris Agreement in the first place.

The more we focused on this topic, the clearer it became that we
had opened a real can of worms. When I discuss my work with
people in developing countries, loss and damage is often the first
thing that comes to their minds—whether I’m drinking tea with
ministers in Delhi, meeting science journalists in Nairobi for a
working breakfast, or talking with students in Addis Ababa. In most
cases, they immediately ask me not to make it an official topic of
discussion. It’s simply too controversial.

Everyone wants to let sleeping dogs lie. As long as loss and
damage is not clearly defined, the people causing climate change



can sign agreements that will at least move the issue a little further
forward. Developing countries won’t see any money from it
immediately, but the mere fact that loss and damage has become a
separate pillar in the architecture of climate negotiations, and is thus
being acknowledged, is a provisional success and a foundation upon
which to build. This may be the first step toward greater climate
justice.

The Power of Numbers

By developing methods that allow us to identify climate-change-
related damage done by extreme weather, we may be supplying the
missing piece of the puzzle that will make the people responsible for
climate change fulfill their duties and assist those who are suffering.

It’s unlikely that anything will change overnight at a global level,
but the carbon price concept shows the power that numbers can
have, even if it takes a while.

The idea of viewing carbon as a part of production costs, and
thus as a way to price the effects of climate change in line with
market economy laws, has been around for many years. Economist
William Nordhaus developed the concept of the carbon price in 1975
and received the 2018 Nobel Memorial Prize in Economic Sciences
for his work.10 However, companies have only started to explore
ways of reducing their emissions since economists learned to
realistically calculate how much a ton of carbon emissions needs to
cost to cover the resulting environmental damage. Businesses
around the world are now taking the carbon price seriously, even if
they rarely need to pay at present and there is still a long way to go
before “taking it seriously” evolves into effective pricing.

More and more jurisdictions are introducing such a price—
Europe, Canada, and California have already done it, and China and
Mexico are on the brink of implementation. The fact that the carbon
price can now be specifically defined is often enough of an incentive
for companies to adapt to future costs. The carbon price is not yet
high enough to make burning fossil fuels an unprofitable business



model, but more than 1,400 companies are now pursuing policies
that treat this as a real possibility, even in countries where there is no
carbon price.11 This is not yet enough to effectively fight climate
change, but it shows the impact concrete numbers can have.

Attribution research could help the study of climate damage take
an equally large step forward. If climate damage can be translated
into economic damages12 and everyone knows the amount of money
at stake, politicians worldwide will be pressured into finding a
solution.

Journalists from the Energy and Climate Intelligence Unit in the
U.K. have done precisely that, scrutinizing fifty-nine attribution
studies from 2 016 and 2 017 and selecting the forty-one cases in
which climate change made extreme weather more likely. For their
Heavy Weather report, they then calculated the total damages
incurred through climate change.13 They worked on the simplified
assumption that if climate change has doubled the likelihood of an
event, then half of the costs resulting from the event should be
attributed to climate change. This is, of course, a major simplification
—damages do not increase in line with the frequency of the event—
but using rough calculations to gain an initial impression of the scale
of climate damage is a legitimate approach.* Using this method, they
calculated that climate change was responsible for $1.6 billion of
damage in the South China floods of 2015.

The authors didn’t just look at the financial costs of climate
damage; they also examined the numbers of victims. For example,
the 2 015 heat wave in India and Pakistan killed almost 4 ,000
people, at least 2 ,800 of whom could be attributed to climate change
—an unbelievably strong argument for action. If these facts are
made known before the next heat wave, then a country could be
held liable if it does not do enough to adapt to climate change and its
harbingers of doom, extreme weather events—if it forges ahead in
full knowledge of the resulting loss and damage.

Concentrating on Risks, Not Damage



It will probably take a few more years before the world’s nations
agree on a mechanism that actually deals with the damage taking
place in the present, and so some countries are taking matters into
their own hands. For example, the Bangladeshi government has
launched a national mechanism, if not to compensate for loss and
damage caused by climate change, then at least to help eliminate it.
It has already put money aside for this purpose. Dr. Saleemul Huq,
who also advises the government and writes a weekly column in the
Daily Star, Bangladesh’s biggest daily newspaper, has certainly
played his part.

However, the mechanism has not yet entered into force. Some
aspects remain unclear: Under what circumstances will money be
released from the fund, which is financed through taxes? And for
which types of damage?

This question in particular reopens the dilemma that haunts
climate summit negotiations. My position is that it would be logical to
only include damage that can be attributed to climate change.
Otherwise, where will we draw the line? Should we also include
damage caused by a cold spell that climate change has made less
likely? Or only damage from extreme weather that is happening
more frequently? This would exclude some droughts, such as the
one in São Paulo. The drought caused serious damage, and climate
change did play a role. The area around the city dried out faster due
to the heat, but it also rained more. The two effects canceled each
other out, and so climate change did not make the drought more
frequent.

And what about disasters caused by humans, such as a bridge
collapse after heavy rain, that have more to do with lack of
maintenance?*

Damage can only be specifically linked to climate change with the
aid of attribution studies. Without attribution, we cannot distinguish
between climate damage and damage caused by other factors.

Attribution works well for many events, but not for all: events that
we cannot yet attribute to climate change include small-scale flash
floods due to heavy rain, hailstorms, and tornadoes. Floods caused
by short and localized heavy rain are crucial for Bangladesh. We



have a lot of work to do if we want to achieve a more or less
complete inventory of extreme weather events.

Furthermore, who should conduct these studies? The
government that requests assistance? The countries set to pay for
it? In either case, suspicions could be raised that a study has been
steered in a particular direction. The task could, therefore, be passed
to a neutral organization like a national weather service. But even
that would be problematic, discriminating against poor regions or
sections of the population without the necessary scientific
infrastructure. Good weather records are required to achieve
relatively robust results, but these are not available for every location
and often not for the regions home to the poorest people. We see
this all around the world: most weather stations are located near
airports, military bases, or research institutes, not in slums or rural
areas.

Then there’s another problem: the extent of the damage after an
extreme event also depends on the vulnerability of the disaster
location. Places in which no precautions have been taken will, of
course, suffer the most damage. It may therefore be the case that
while climate change played a relatively large role in a weather
event, good preparation has prevented it from causing too much
damage; meanwhile, another area may experience serious damage
even though climate change played only a small part in its weather.
As a result, lots of compensation would be paid for sloppy adaptation
—a false incentive structure.

It could make more sense to concentrate on the risk and not on
the actual damage. Climate risk insurance—which has become
increasingly popular in recent years—could prove a fairer
mechanism.

Insuring Against Climate Risks

It works like this: if you pay a premium, you will be quickly
compensated (with money or practical assistance such as seeds) if
droughts, hurricanes, or heavy rainfall affects your country. A country
can insure itself or its inhabitants directly. Insurance companies



begin by assessing a country’s risk of a specific extreme event
based on climate and weather data; for example, satellites can be
used to measure rainfall. This information is used to calculate an
index. If the severity of a weather event exceeds the threshold
agreed in the insurance contract, money is paid out automatically.

More than one hundred million people in developing countries are
now insured against climate risks. To give one example, the Pacific
Catastrophe Risk Assessment and Financing Initiative will pay out
twelve times the premium in the event of a disaster so that bridges
and airports (among other things) can be rebuilt after torrential rain
or tropical storms.

The insurance companies employ parametric procedures, which
allow them to make payments straight after a drought or flood.
Rather than waiting until the total damage has been determined,
which can take weeks, they can pay out when droughts occur that
exceed a specific extreme index—for example, a drought to be
expected every twenty years or more. In this type of insurance, it is
significant if an event that previously occurred every twenty years
(i.e., exceeded the index every twenty years or so) is suddenly to be
expected every five years—and can therefore cause much greater
damage.

If insurance companies want to profit from this model in the long
term, they will need to keep raising premiums. At some point, many
poorer countries will not be able to afford it—even today, some
cannot or do not want to pay. The poorest of the poor will have very
few options to escape their predicament.

Attribution science may provide one solution. We could begin by
calculating how the risk of climate damage has changed in a specific
location and to what extent we can attribute this to climate change.
This portion of the risk could be covered by an international fund
paid into by industrialized countries. It would therefore be worthwhile
for insurers to continue doing business in developing countries,* who
would continue paying their usual premiums but still receive full
protection.

Climate risk insurance is proven to work and is already relieving
the burden. However, this has little to do with climate justice—the



role of climate change is not taken into account and the richest
countries do not systematically partake in the costs. Industrialized
countries subsidize insurance policies with development aid
sporadically and in individual cases only.

The worst alternative would certainly be to ignore climate
damage altogether or to saddle already struggling communities with
the cost. If this is the case, there may be only one nonpolitical means
of achieving climate justice: lawsuits.

If a satisfactory solution cannot be reached at a national or
international level, the victims of climate change could play this card.
If, for example, entire sections of the population lose their livelihoods
because islands have become uninhabitable, they could take the
companies and countries with the greatest carbon emissions to
national courts or even the European Court of Human Rights.

* There is no consensus on what constitutes “loss and damage.” Most scientific articles on
the topic talk about loss and damage that has not been prevented by swift reductions in
greenhouse gases by the global community or by measures to adapt to climate change.

† Dr. Huq is also a senior scientist at the International Institute for Environment and
Development in London.

* Paragraph 52 of the declaration to the Paris Agreement expressly states that the support
for loss and damage mentioned in Article 8 does not include compensation.

* Informed that no definition exists, we attempted—led by social scientist Emily Boyd—to
establish what the various parties in the UN climate negotiations believe loss and damage
to mean. We found four interpretations. Of these, the definition that most closely
resembles the idea originally conceived by the small island states is “irretrievable loss of
habitat, culture, and other essentially immaterial assets destroyed due to man-made
climate change.” This is opposed by an interpretation that cannot really be separated from
the consequences of climate change to be addressed by adaptation measures: “changes
in the risk level of certain weather events or environmental risks, independent of climate
change or in any case definitively independent of scientific evidence or a clear causal link
between these changes and anthropogenic climate change.” According to this
interpretation, it is difficult to separate money for loss and damage from money for
adaptations to climate change or general development measures. Both interpretations
and the nuances in between are almost consistent with the Paris Agreement, except for
the explicit rejection of compensation. Therefore, the interpretation that perhaps most
closely resembles the original idea is least compatible with the wording of the agreement.
(Boyd et al., “A Typology of Loss and Damage Perspectives.”)



* The attribution studies on which these numbers are based were never intended as the
basis for such calculations. If this goal were defined from the outset, the calculation
methods could certainly be improved.

* Damage due to natural disasters, regardless of their cause, tends to fall under the
purview of other agreements, such as the Sendai Framework for Disaster Risk Reduction.

* Even now, insurers are only making a profit from many countries because of the millions
contributed by countries like Germany and institutions like the World Bank.



 CHAPTER 9 

COUNTRIES AND CORPORATIONS
ON TRIAL

IF YOU WERE paying close attention to the British or German
newspapers on April 6, 2018, you might have noticed a minor
sensation buried in the back pages: the Supreme Court of Colombia
had ruled in favor of twenty-five young people who had sued the
Colombian state for inaction in the fight against climate change.
Aged seven to twenty-six, the plaintiffs argued that the destruction of
the rainforest and the associated acceleration in the greenhouse
effect would seriously impair their lives and health.

The Colombian rainforest covers an area almost the size of
California. However, deforestation has increased significantly in
recent times due to agriculture and cattle farming. The plaintiffs
made the case that, in standing idly by, the government was violating
constitutional rights to life, freedom, and property.1

This climate lawsuit was a novelty for Latin America. Very few
people expected it to succeed, especially considering the young
plaintiffs and the wide-ranging allegations. And yet the court upheld
the complaint and gave the government four months to draft a plan
of action to restrict deforestation in the Amazon region.2

For decades, energy companies and governments have known
about the climatic consequences of burning fossil fuels and the
damage they are inflicting on future generations. Nevertheless, very
few have rethought or fundamentally altered their business models
or policies. And so, in 2017, the planet emitted more carbon dioxide



than ever before.3 The question was, how long would those
responsible continue to get away with it? It would only be a matter of
time before our children revolted, feeling cheated of their future—or
at least that of their children and grandchildren—and attempted to
seek justice.

That time starts now.
In 2015, a Dutch citizens’ alliance went to court on behalf of

future generations, and with success: the District Court of The
Hague ordered the governments to do more to protect the climate
and to align its self-imposed goals with the findings of the IPCC.4 In
2015, children and young people in several U.S. states also took
their governments to court, demanding that they fulfill their climate
goals; most judgments have yet to be announced.* And in India in
2017, a nine-year-old girl sued the government to force it to adhere
to the Paris Agreement and emit less carbon dioxide.5 After all,
today’s children are the ones who will pay for politicians’ failure to
act.

These are just some of the climate lawsuits being brought before
courts in ever greater numbers, focusing mainly on oil corporations
in the U.S. and on governments in Europe. Plaintiffs include the U.S.
coastal cities of San Francisco, Oakland, New York, and Baltimore,
which are demanding compensation from oil companies like
ExxonMobil to help them adapt to rising sea levels with dikes and
dams;* ten families from five E.U. countries and from Kenya and Fiji
along with a Swedish Indigenous youth organization, who want to
force the E.U. to strengthen its climate goals;6 and Swiss senior
citizens demanding that their government do the same.7 According
to one list, there have been 920 climate lawsuits in the U.S. to date,8
and 269 elsewhere9 (as of October 2018).

These initial successes show that the basic idea behind the
lawsuits works: if governments don’t do their job and don’t do
enough to put a stop to climate change, then courts can remind them
of their purpose. Germany would also be a candidate; in summer
2018, Chancellor Angela Merkel announced that her government



would unfortunately not achieve its self-imposed goals. She’d had
plenty of time, but greenhouse gas emissions had barely dropped
during her twelve years in office.10 Newspaper reports skirted around
the issue, with no major discussions of what is, in effect, a scandal.
In the same year, Merkel’s government lobbied for Miguel Arias
Cañete, E.U. Commissioner for Energy and Climate Action, to drop
his plan to step up the E.U.’s climate goals.11

The response was swift. At the end of October 2018, three
farming families joined up with Greenpeace and sued the
government for failure to act. According to the indictment, quoted in
Der Spiegel magazine, the government had “ceased its actions
without legal basis and without adequate rationale or justification.”12

Abandoning the 2020 climate goal would impair the fundamental
rights of the farmers to “life and health,” “freedom of occupation,” and
“guarantee of property.” Among other things, the organic farmers
believed they would suffer crop failures caused by extreme weather
exacerbated by climate change.

The Changing Nature of Lawsuits

The list of successful climate lawsuits remains fairly short compared
to those that have failed or not been permitted to proceed.13 Most of
the successes relate to specific projects—such as airport expansions
or new mines or power stations—that lawyers have succeeded in
linking to climate change.* These few successes are largely
restricted to countries that have contributed less to climate change,
such as Colombia. This doesn’t mean that these countries should
cease climate protection measures; no matter how small, every
action makes a difference.

And yet Colombia and the Netherlands are not the U.S. or China.
This may be the only reason why the first lawsuits were successful
and have attracted little attention. Or perhaps it is also because
these lawsuits have suffered from the same thing that has made
international climate negotiations so arduous and sluggish: they
almost always focus on the future, not the present. They focus on



abstract projections of average climatic changes in a country or
continent, not on droughts, floods, or storms happening here and
now.

Up to now, these lawsuits have only managed to influence the
politics of individual countries, not international politics, which is why
the companies with the most emissions have not altered their
business models or structures.14 However, these first successes are
probably the start of a wave of lawsuits that will have what it takes to
shake up the whole world. This is because the nature of the lawsuits
has evolved. For a long time, they focused solely on the rights of
future generations, on false information issued by corporations, or on
governments that did not adhere to their own laws and goals. Now,
however, many suits are concentrating on specific damage caused
by climate change—damage caused by extreme weather events and
rising sea levels. And this is where we come into play.

This approach started in 2009 in Kivalina, a village in the far
northwest of Alaska home to four hundred Iñupiat. Kivalina is
regularly subjected to severe winter storms. For a long time, it was
protected by a shield of sea ice. Thanks to global warming, these ice
barriers are melting more and more, allowing winter storms to drench
the village in seawater and erode the coastline. As a consequence,
buildings were in danger of falling into the Chukchi Sea and the
residents were forced to relocate.

And so they sued the people they believed had caused their
plight—crude oil corporations like ExxonMobil and coal companies
like Peabody Energy—and accused them of conspiracy. According to
the plaintiffs, these companies had deliberately deceived the public
on the climatic repercussions of burning fossil fuels. In addition to the
accusation of misinformation, this case added a new aspect:
compensation for the loss of the village. However, the court did not
even bother to examine the cause of the damage, but rejected the
lawsuit before it reached this stage, stating that responsibility lies
with the U.S. Congress, not the courts. It also said that the problem
was too abstract and that it was barely possible to determine the
reason for Kivalina’s demise.15



The New York Times wrote that “global warming is a diffuse
worldwide phenomenon; a successful public nuisance case requires
that defendants’ behavior be directly linked to the harm.”16 Event
attribution science was still in its infancy at this time.

A damage suit of this kind was also filed in Germany in 2015. The
plaintiff was a man who did not speak a word of German and had
never been to Germany before his lawsuit was filed with the District
Court of Essen in December 2015. Saúl Luciano Lliuya is a farmer
from the Peruvian Andes who lives just outside the city of Huaraz in
a mountain village 10,171 feet above sea level. From his potato field,
he can see the Cordillera Blanca, the “white range.” But the
mountains are becoming less and less white as time goes by; the
snow and glaciers are melting as global warming progresses and the
dark rock beneath is showing through.17

The meltwater flows into the Palcacocha glacial lake, which is
around 3,280 feet above Huaraz and full to bursting. If a large chunk
of ice were to break off and fall into the lake, it could create a wave
that would flood large parts of the city and surrounding area,
including Lliuya’s farm. In 1941, a piece of the glacier fell into the
lake and the resulting wave killed 1,800 people.18 The water level is
much higher today than it was back then.

This danger hangs over Lliuya’s head every day. A dam could
protect him and the city, but that would be expensive, and Huaraz
either cannot or does not want to pay. Lliuya hit upon the idea that
the people responsible for his situation should pay to fix it. In his
understanding, these include RWE, an energy company based in
Essen, Germany. With the aid of the German environmental
organization Germanwatch, he has filed a lawsuit against Europe’s
biggest emitter of carbon dioxide. According to Lliuya, RWE’s
emissions have contributed to the melting of the Andean glaciers and
helped place his village under threat of flooding from the glacial
lake.19

This lawsuit has a much more substantial basis than that of the
Iñupiat in Alaska. Given that RWE is responsible for almost 0.5
percent of all greenhouse gas emissions in the world, the company



would have to cover 0.5 percent of the money that Lliuya’s
hometown now has to spend to protect against potential flooding.
This amounts to €17,000.

While this negligible sum wouldn’t exactly be painful for RWE, it
could set a precedent if Lliuya were to win—and launch many more
climate lawsuits around the world.

For this to happen, it must be proven that the carbon dioxide
molecules emitted by RWE have actually contributed to the melting of
the glacier above Lliuya’s farm. The lawsuit is based on Section
1004 of the German Civil Code, according to which “the owner may
require the disturber to remove the interference”20—a section that
these days is mainly used in neighborly disputes in which causality is
easily determined. This is not quite so easy in the case of Lliuya v.
RWE AG.

The District Court of Essen rejected the suit in the first instance,
stating that a “linear chain of causation” cannot be determined from
RWE to the glacier. However, the proceedings are not yet complete,
and it will be very interesting to see how things pan out before the
Higher Regional Court of Hamm and then, quite possibly, the
Federal Court of Justice in Karlsruhe. After all, this damage actually
exists; it is stated in the Paris Agreement in black and white, ratified
or accepted by every country on Earth. And, unlike with Kivalina, the
chain of causation can definitely be traced. With the aid of attribution
studies, we can do what was apparently impossible according to the
rejection of the Iñupiat lawsuit: calculate the role of climate change in
individual extreme events and attribute the climate damage to
individual countries or companies. In Lliuya’s case, this would
involve a lot of work for us scientists because it does not refer to a
meteorological event; we would therefore need to realistically
simulate both the weather and the behavior of the glacial lake. This
isn’t impossible, but it is challenging. For the purposes of this book,
however, this case merely illustrates nascent court proceedings.
Lliuya was the first to face RWE in court, but he won’t be the last.
Climate change has caused plenty more damage, and gaps in legal
arguments can now be filled.



A Global Carbon Inventory

These court proceedings would not have been possible without
Richard Heede, a geographer from California. By his own account,
Heede has spent fifteen years scouring archives to determine the
emissions of individual companies and their legal successors since
the start of the Industrial Revolution—and, therefore, how much they
have contributed to climate change. He has concluded that just
ninety companies have contributed 6 3 percent of the greenhouse
gases emitted worldwide between 1751 and 2010. Half of these
emissions were released into the atmosphere only since 1988—after
the IPCC was founded and we were all made aware that climate
change exists, is a threat, and can be measured.21

Heede’s carbon inventory can be used to determine the specific
contributions of individual companies—and this is where it gets
interesting. According to the inventory, Saudi Arabia’s state energy
company Saudi Aramco and U.S. oil giants Chevron and ExxonMobil
are each responsible for more than 3 percent of humanity’s global
greenhouse gas emissions since industrialization. The British oil
company BP, Russian natural gas giant Gazprom, Royal Dutch Shell,
and the National Iranian Oil Company are each responsible for more
than 2 percent.

Heede has taken the first step in creating a solid foundation for
climate lawsuits against those who have earned money by producing
or burning fossil fuels: he has created an inventory of the
greenhouse gases emitted by individual companies. The second
step—linking this with global warming—was taken by scientists and
employees of the NGO Union of Concerned Scientists and their
colleagues.22 To help the second generation of climate lawsuits
achieve success, we need to complete the other end of the causality
chain: the link between global warming and specific damage caused
by extreme weather. Previous lawsuits have neglected this, certainly
due in part to a lack of concrete figures. Thanks to attribution
science, the figures are now, in principle, available, at least for the
biggest fossil fuel producers. And we have everything we need to



extend this to other companies; we just need to fit the pieces into the
puzzle.

I would not venture to say what effect such climate lawsuits will
have in the coming years. But one thing is certain: there will be a
shift in the discussion on how rich countries and companies need to
assist poorer nations to overcome the consequences of climate
change. Those who have neglected to seriously reduce their
greenhouse gas emissions should feel less confident about the
future.

We Are Not All Equally Guilty

If we haven’t already, we now need to ask whether this is actually
just. Should courts really take legal steps against corporations for
causing or accelerating climate change? Is it really their fault?

Energy companies like ExxonMobil and RWE like to point out that
they mine and burn oil, gas, and coal for the benefit of everyone; this
is the basis of all prosperity. If anyone is guilty, then we’re all guilty,
not individual companies.

This argument is misleading. With this attitude, nothing would
ever change, and we would provide future generations with a climate
far more hostile than the one we have today—perhaps even with
extreme weather currently considered impossible.

Placing our trust in politics alone is no longer enough. Even now
that the Paris Agreement has been ratified and is binding under
international law, most governments do not take their obligations
seriously enough. I don’t even need to mention Donald Trump’s
America. Germany, for example, began to clear the Hambach
Forest, one of the country’s oldest forests, in late summer 2018.*
RWE wants to get its hands on the rich seam of brown coal beneath
the forest, even though this is no longer necessary to secure
Germany’s electricity supply; renewable energies already cover
almost 40 percent of energy consumed.

RWE argues that it is not burning fossil fuels for its own benefit,
but for consumers. If they didn’t buy electricity generated by coal, no
fossil fuels would be burned—so we are all guilty.



It is true that consumers have power, and greater demand for
clean energy and vegan food will lead to a wider range of products.
But blaming us all for participating only works to a certain extent. Our
entire infrastructure is based on fossil energies; even if we make a
concerted effort, we cannot lead a normal life without emitting
greenhouse gases. Using only solar energy, cycling everywhere, and
maintaining a climate-neutral diet is simply not currently possible if
you want to participate in society.

Passive houses are now available, but they would definitely
exceed my budget, and even these houses are made from materials
that generate greenhouse gases during production and transport.
Many people are able to cycle to work—I do it every day—but that’s
only because I can afford to live in Oxford itself and not in the
suburbs. When it comes to food, even locally grown organic
vegetables must be transported to markets or delivered to the city—
generating emissions.

I’m not saying individuals can’t achieve anything—they have a
great deal of power. But it takes a lot of organization, information,
and money for consumers to exercise this power. Corporations can
make changes much more easily and effectively by modifying their
business models. But that won’t happen as long as the old model
continues to earn them money and is permitted by law—as long as
someone continues to buy their products and there is no risk of
being sued for costly damages.

If just one lawsuit against RWE, Chevron, or ExxonMobil were to
succeed and actually hurt the company, all other corporations with
high greenhouse gas emissions would consider switching to green
energy much faster than before.

Green options aren’t available for everything, but almost. There
are now largely climate-neutral ways of producing cement, but
nobody uses them because they are a lot more expensive. The
prospect of being sued for lots of money, suffering operational
disruption, or falling out of favor with customers could change that.

We also need to ask whether it is possible to determine in law
that a corporation has acted wrongfully—that it was their duty to
protect people against the consequences of climate change, and that



they have actively dodged this duty. A lawsuit against the tobacco
industry can prove more easily that a company has deliberately
caused damage or continued to operate in full knowledge of this
damage. While burning fossil fuels does have positive effects—
there’s no denying that electricity is useful—the positive effects of
smoking are extremely limited.

Of course, we have long known about the consequences of
burning fossil fuels and releasing greenhouse gases into the
atmosphere. Renewable energy now offers a real alternative. And
yet it is difficult to prove that a company has caused damage it
should not have caused, and has done so deliberately. Many early
climate lawsuits were not admitted to court precisely because the
question of when corporations received what information and were
required to act accordingly is far more complex than in tobacco
industry lawsuits, for example.23 There are still no laws prohibiting
greenhouse gas emissions. In contrast to other waste gases, they
are often not even regulated; ships are permitted to burn the dirtiest
heavy oil without any sanctions. And while regulations are
undergoing many changes, it will probably be a long time before
bans are actually enacted—if ever. However, such laws may not be
necessary for climate lawsuits based on attribution studies to
succeed.

Climate Lawsuits of the Future

Jurists are closely following developments in our discipline. Some of
them consider attribution studies a key element of future climate
lawsuits.24 The reasons are simple: Our studies enable specific
climate damage to be calculated. But beyond this, some jurists
believe it is even more crucial that numerous studies already exist
showing how much more likely specific extreme events have
become because humanity has released greenhouse gases into the
atmosphere. The more studies there are—and more are being
published every week—the clearer the impact and consequences of



climate change become. Not as an average or on a global scale, but
at specific times in specific places.

While we have long known that the risks of drought are probably
increasing in several semiarid regions, attribution tells us that a
drought such as the one that brought Cape Town’s water supply to
the brink of collapse will occur on average every hundred years
today, and around every thirty years in a world that is 2°C (3.6°F)
warmer. In a world without climate change, it would have occurred
every three hundred years. There is no way for anyone to claim
ignorance.

Lawyers Sophie Marjanac and Lindene Patton—with whom I
have attended many conferences, led podium discussions, and
given talks to students—argue that laws prohibiting greenhouse gas
emissions are not necessarily required.25 The sheer number of
studies highlighting the specific consequences of extreme weather
ensures that nobody can close their eyes to the reality of climate
change. Rather than apportioning blame, jurists focus on gathering
facts from which nobody can hide. We now have these facts.

The question is no longer whether courts will use attribution
studies, but when. The first such damage suits are already being
prepared.

But what form might they take?
Essentially, it all revolves around the share of a drought, flood, or

cyclone that can be attributed to a company or country. This means
that a company can only be held accountable for the damage linked
to climate change. If it is clear that climate change has made a
drought 20 percent more intense, then we can translate this increase
into the share of damage—either through rough estimates as in the
Heavy Weather report or with the aid of economic damage functions,
empirical equations that convert water levels into dollars, for
example.

The role of the company or country must also be clarified in terms
of all greenhouse gases released by humanity since industrialization.
Emissions can be taken apart like a puzzle and shared among the
companies and countries responsible. Calculating company



contributions is a Herculean task; it is a little easier for countries
because inventories of annual emissions have long been kept for all
nations. Reporting these emissions is one of the duties stipulated by
the Paris Agreement and its predecessors.

Responsibility for a Heat Wave—in Figures

Through years of detective work, Richard Heede has worked out the
numbers for the companies with the greatest carbon dioxide
emissions. Together with our Environmental Change Institute in
Oxford, the Centre for International Climate and Environmental
Research in Oslo has run the figures for the countries committing the
greatest climate sins26 and translated the emissions* of individual
countries into shares of global warming.

It has concluded that the main countries or groups of countries
responsible for the world becoming 1°C warmer on average since the
start of industrialization are the E.U. (17 percent), the U.S. (just
under 16 percent), and China (about 11 percent).

But is it really that easy?
The U.S. could argue that the consequences of greenhouse gas

emissions were not known at the start of the Industrial Revolution
and, therefore, nobody can be held accountable—or only since we
all became aware of the effects. In principle, we became aware of
the effects with the work of Swedish physicist and chemist Svante
Arrhenius, who caused a furor in specialist circles and was
mentioned in the newspapers in 1912.27 However, the greenhouse
effect and its causes were forgotten until the middle of the century, at
least among the general public. But nobody has been able to claim
ignorance since 1990 at the latest, the year of the first IPCC report. If
we count emissions just from 1990 onward, we get a different result:
China leads the way with 12 percent, while the U.S. takes second
place with 1 1 percent and the E.U. has just 9 percent.28

Critics of this calculation method state—not without reason—that
it discriminates against countries such as China and India that have
only recently begun to profit from industrialization. The year from



which emissions are calculated isn’t the only topic of discussion. The
type of emissions calculated are also subject to dispute: the main
greenhouse gas is carbon dioxide, as this forms the largest share of
climate-active emissions and remains in the atmosphere for
centuries. If we count just these emissions since industrialization
began, we get a different result again: the U.S. is the clear front-
runner with 26 percent, followed by the E.U. (23 percent) and China
(10 percent).29 According to this calculation method, the U.S and
E.U. alone are responsible for about half of the 1°C rise.

There are arguments for and against all these figures. While they
may differ greatly depending on the political, social, or legal
interpretation, they all clearly show which countries bear the greatest
responsibility for global warming.

My Norwegian colleagues and I have used this work as the basis
for the next step: asking whether such calculations are possible for
specific extreme events.30 In short, the answer is yes.

Our example was the Argentinian heat wave of 2013, which was
made five times (400 percent) as likely by climate change. We broke
this down for individual countries—that is, the extent to which the
U.S., China, the E.U., or Japan had made the heat wave more likely
with their respective emissions. This form of attribution for individual
nations had not been performed before, so I first had to develop the
methods.*

The result was that the U.S. and the E.U. had both increased the
probability of the Argentinian heat wave by just under 30 percent,
China by about 20 percent, followed by India, Indonesia, and Brazil
(each around 10 percent), Japan (7 percent), Canada (5 percent),
and the remaining industrialized countries, including Australia (7
percent in total).

The article was published in 2017 and cited in legal journals as a
specific example of what attribution science can do: complete the
chain of evidence from the emissions of individual countries or
corporations through to a particular extreme weather event. It was
precisely this “linear chain of evidence” that was missing from
Kivalina’s and Lliuya’s lawsuits in the opinion of the court.†



Admittedly, I am not a lawyer, and my interpretation of this highly
complex legal topic comes from conversations with jurists focused
on this issue and from reading legal articles. But such evidentiary
value should not be all that unusual in court proceedings. For some
time, courts have been dispensing justice on the basis of
proportional liability and forms of evidence that take probabilities into
account. Past cases have covered similar terrain, such as damage
suits from uranium miners who were inadequately protected and
later diagnosed with cancer.

Attribution science also provides another point of reference in
public life. The New Zealand Treasury commissioned climate
scientists David Frame and colleagues to calculate how much
climate change has cost New Zealand in the last ten years. He and
his colleagues used attribution studies to estimate climate change’s
share in the most expensive extreme events between 2007 and
2017. The Treasury adopted the conservative assessment that
climate change has cost the country NZ$120 million due to the
increased risk of flooding and NZ$720 million through droughts.31 If
attribution studies are good enough for governments, why shouldn’t
a court base its judgments on such calculations?

There are still some obstacles to overcome. For example, how
will courts deal with uncertainties that are totally normal in science
but could impede a legal argument?* And how will they cope with the
fact that the same extreme weather can be defined in very different
ways, and that plaintiffs and defendants may each present attribution
studies with different but correct results?*

What Scientists May and May Not Do

Scientists are sometimes accused of allowing ourselves to be
exploited by environmental activists. Some scientists frown on
climate lawsuits and attempts to identify guilty parties, believing that
science should be devoted solely to the pursuit of knowledge. This
is, of course, nonsense.



We too are only human and our political convictions and values
naturally influence what and how we research. What is crucial is that
scientists remain impartial; this is why we publish all our work under
peer review, disclose our funding sources, and do not take on
projects if the financiers want to keep the results private. It is
important that we retain all rights to the data we produce. Our
insistence on this at World Weather Attribution has led to a few
abortive projects over the years, for example with infrastructure
providers who wanted to identify facility locations where the risk of
extreme weather has particularly increased, but who wanted to keep
the results private.

Courts cannot replace politics, of course, and they shouldn’t. But
with one or two spectacular cases or several smaller successes,
climate lawsuits could help to make some changes, particularly in
parts of society that are rarely convinced by good arguments: energy
companies that want to cling onto the past, but also governments
who consider their sole mandate to be making policies “for business”
or for the supposed good of the economy—which would often be
better served with sustainable, long-term economic frameworks.

Courts have an even more important role: ensuring justice for all
those who do not have the opportunity to make their voices heard,
such as future generations; our children are not allowed to vote, but
they will have to live with the damage wrought by climate change.

In Colombia, the children’s voices were heard. If they had
demanded millions of dollars in damages from ExxonMobil in the
U.S. rather than suing a relatively poor country with a minor role on
the world stage, they would certainly have made headlines
worldwide. If attribution studies can help achieve greater justice in
the world, then I am happy to be accused of playing the blame
game.

* The District Court of King County (Washington) rejected an initial lawsuit by the youth
alliance in August 2018; further lawsuits continue in eight other states and at the federal
level. Supported by Our Children’s Trust, the group has secured at least one success so
far: the Trump administration attempted to stop the suit at an early stage, but an appeals



court in San Francisco rejected this request in early 2018. (Gustin, “Judge Dismisses
Youth Lawsuit.”)

* The New York and San Francisco/Oakland lawsuits were rejected in 2018 on the grounds
that this is the responsibility of Congress, not the courts. These states plan to contest the
rulings. (Kusnetz and Hasemyer, “Judge Dismisses Climate Lawsuit”; Hasemyer, “2 City
Lawsuits Dismissed.”)

In a similar case, Baltimore sued twenty-six fossil energy companies in July 2018. The
plaintiffs believe they have a better chance because the case is being heard by a state
court, not a federal court. Their case is based on a Climate Central study, which
calculates that flooding caused by rising sea levels has already increased by a fifth.
(Circuit Court for Baltimore City.)

* The construction of a new runway in Austria was prevented on the grounds that it would
increase air traffic at Vienna’s airport and therefore impede the country’s national climate
protection goals.

* Following a lawsuit by the BUND environmental organization, the Higher Administrative
Court of Münster put a temporary stop to the clearing in October 2018. BUND argued that
clearing the forest violated European environmental legislation. It is now expected that
RWE will not be able to resume clearing until 2020 at the earliest. (Smith-Spark,
“Hambach Forest Clearance Halted.”)

* All greenhouse gases and other industrial emissions were calculated together, including
minute particles that are extremely harmful to human health when inhaled but have a
cooling effect in the atmosphere.

* I essentially came up with two ways of performing the statistical calculations. The
differences between the two methods are comparatively minor; one is parametric, the
other is not.

† There is as yet no chain of evidence in Lliuya’s case, but our study on the Argentinian
heat wave shows that it is possible.

* Probabilities and how they are altered by climate change—known to scientists as the “risk
ratio”—are fraught with uncertainty. This is a normal part of science, reflecting the fact that
perfect measurements and perfect models do not and cannot exist. Every scientific
discipline works with incomplete data and models based on assumptions. These
assumptions are often justified and sound, and uncertainties can be quantified. However,
this is often the most complex part of a study, and judges are not scientists, with good
reason. And while it is relatively easy for scientists to agree that climate change has made
a specific event more likely, or to determine the scale of the event, it will be much more
difficult to provide exact numbers—although not for all events.

* For example, recall that a heat wave can be defined using a specific temperature value,
but also in terms of heat stress. The probability of the heat wave changes depending on
the perspective. This is not a problem if a study is being used to plan adaptations—heat
stress is used for health prevention, temperatures for planting periods. If, however, you
wish to sue someone for damages, these various interpretations may cause problems.



While we still do not have a single, correct method of attributing extreme events, there are
now so many good studies that it would at least be difficult to present arguments based
on anything other than evidence that meets scientific standards. The crucial question will
be what makes a meaningful definition of an extreme event, and answering this will be
aided by the existence of multiple studies with corresponding examples.



 CHAPTER 10 

CLIMATE CHANGE IN EVERYDAY
LIFE

Seeing the Weather From a New Perspective

IN SUMMER 2018, many people began to ask questions. Northern
Europe had been sweltering for months, and other parts of the
northern hemisphere had also experienced extreme heat. Brits and
Germans basked in the sun and the warm air, hotels enjoyed an
upswing in trade, and beer sales went through the roof. And yet
many people couldn’t quite bring themselves to trust this unusually
long, unusually hot, and unusually dry season.

That summer, I was astonished to find that wherever I went,
people were starting to talk about climate change. In cafés and bars,
on trains and airplanes, in offices and on the streets. If you listened
hard enough, you could catch snippets of the same questions: Is this
normal? Or is it climate change?

Journalists from all over Europe wanted answers too. Geert Jan
and I found ourselves giving interview after interview, comparing our
scientific findings with the events playing out around Europe.

Everyone could see what was happening. Taking the train across
Germany, I looked out of the window and saw a Mediterranean
landscape: dried-up, bleached-out fields, hardened and cracked
ground, lakes reduced to bathtubs. The River Elbe held so little
water that you could even see some of the “hunger stones” used to
mark low water levels. Unlike high-water marks, these stones usually



remain hidden for many years, sometimes for decades or even
centuries.

Just over the border from Germany in the Czech Republic, a
hunger stone was revealed in the Elbe riverbed on the west bank of
the town of Děčín. It bore these words: “If you see me, weep.” The
message had probably been carved into the basalt in the nineteenth
century to commemorate the arid years in which farmers lost their
crops and the people starved. It was also engraved with dates of
extreme summers: 1868, 1842, 1800, 1790, 1746, 1616. The
inscriptions for 1473 and 1417 had almost worn away.1

Other parts of Europe were also exceptionally hot, including the
Netherlands and Great Britain. The latter experienced its warmest
summer ever recorded, on a par with the legendary summer of 1976.

When the end of July brought forest fires to Sweden, Greece,
and parts of Great Britain and Germany, we were contacted by
increasing numbers of journalists looking for more than just a one-
sentence statement that more heat waves are to be expected in a
warming climate. We decided to conduct an attribution study—and
quickly.*

We concentrated on northern Europe because there was plenty
of data available and we are familiar with European weather. It would
have taken a long time to incorporate heat waves in the rest of the
world, and we wanted to deliver the facts as quickly as possible. In
northern Europe, temperatures particularly deviated from the long-
standing average between May and July, and above all in
Scandinavia, Great Britain, and the Netherlands. This time, however,
we did not want to study entire countries as we had often done
before; the national average says little about the heat experienced
by the residents of Kiel or Utrecht, Dublin or Linköping, Oslo or
Copenhagen, or Sodankylä and Jokioinen in Finland. We therefore
decided to focus on these particular cities and districts, for which
long series of weather data are available, some dating all the way
back to 1874. We wanted to find out just how extreme the heat wave
really was in these areas and—the question that seemed to be on
everyone’s mind—determine the impact of climate change.



One of the first things we discovered was that this heat wave was
not all that unusual (at least when we conducted our study in late
July; some of these cities experienced even higher temperatures in
August). Our statistical calculations showed that a heat wave of this
magnitude now occurs in Utrecht every five years, and every eight
years in Dublin and Oslo.2

But how could that be? Oslo was experiencing July heat like
never before. Did this mean that, while temperature records were
broken, the heat wave was in no way a rare event?

This apparent contradiction is easily resolved. To understand it,
we need to know that climate change has increased temperatures in
almost all global regions. While people may be experiencing heat
they have never experienced before, this is now totally normal from a
statistical perspective because climate change has moved the
yardstick. If we had the same climate system as, say, 250 years ago,
three consecutive days of 31.2°C (88.2°F) in Oslo (as in summer
2018) would certainly have been an extreme event—but in today’s
climatic conditions, this is no longer very rare.

Oslo’s summer of 2018 was a prime example of what climate
change means for people’s everyday lives: these record
temperatures are the “new normal.”

Next we determined the extent to which climate change had
increased the probability of these July heat waves. Our computer
simulations showed that it had made the heat wave twice as likely in
Dublin, three times as likely in Oslo, and five times as likely in
Copenhagen. Climate change was making its presence felt, just as it
was in Kiel, Utrecht, and Linköping. All returned similar numbers—as
I said, this is the new normal.

The 2018 Heat Wave: Global Media Presence

We began the study on Tuesday and published our results on
Friday.* None of our team expected the study to have such an
explosive—and global—impact. By the following Tuesday morning,
just four days after we presented the study, it had been reported by



over 2,500 print media outlets alone, not to mention radio and
television. And not just in Europe, but worldwide, including the BBC,
Scientific American magazine, and the Chinese portal Xinhuanet.
Harvey was our only other study to receive such a huge response.

When we launched World Weather Attribution, we never
imagined attracting so much attention. Back in 2014, most people in
Europe and the U.S. still saw climate change as something
happening elsewhere in the world—if they believed it was happening
at all—or as something that might be a problem for our children or
grandchildren but had nothing to do with us.

Considering the number of reports in 2018, this attitude appears
to have changed. Climate change seems to have taken root in
people’s minds, or they have at least become more open to the
concept. This is certainly not just due to the 170 attribution studies
we and our colleagues around the world have conducted since 2004
on more than 190 extreme weather events, but I’d say they’ve
played their part.
A survey from August 2018 showed that, having experienced a
sweltering summer, 72 percent of Brits were concerned about the
consequences of climate change.3

Throughout August, Geert Jan, Robert Vautard, and I gave
interviews on the heat wave practically every day. Suddenly,
everyone wanted to discuss the effect climate change was having on
their doorstep—even though the study focused on northern Europe
and did not cover North America. Nor did it cover Japan, where
temperatures exceeding 41°C (106°F) had killed dozens of people
and hospitalized thousands more.4

Media interest in our study was unbelievable—but only for the
first part of the study, which stated that climate change had made the
heat wave twice as likely in Dublin, three times as likely in Utrecht,
and five times as likely in Copenhagen. But at least we achieved one
of our goals: to drag climate change out of the future and into the
present.*

Essentially, the examples in the study confirm what the global
climate reports say: more greenhouse gases, higher temperatures,



more heat waves. The new normal. I cannot stress enough how
significant it is if the theory in the textbooks actually translates to the
real world and can be shown or quantified. The demand for these
figures shows how important they are.

However, it is not enough to simply promote climate change as a
topic and to confirm what was already expected.

What Even Is Normal Now?

I have yet to mention two of the seven locations from our study—
Sodankylä and Jokioinen in the far north and south of Finland—and
you won’t find them in any of the media reports. And yet these cities
may actually teach us more about what climate change is and how it
manifests in our weather than findings on average temperature
behavior. We had good weather data for these locations, which also
experienced high temperatures in summer 2018. Very high indeed:
located north of the Arctic Circle, Sodankylä hit 31.9°C (89.4°F),
several degrees higher than any July temperatures previously
recorded.

The generally high variability of summer temperatures here and
the fact that 2018 was so unusual make it impossible to determine a
robust statistical average. Given the clear margin between these and
other temperatures previously measured (in contrast to Oslo, where
the record was narrowly broken), we can only estimate. We must
therefore use statistical models and proceed as though we had much
longer measurement series than just for the last 110 years. This is
where things get tricky. To generate these fictional measurements,
we need to use several models to obtain reasonably informative
data; this also means that our result won’t be just one number, but a
very broad spectrum. Therefore, we only know the upper and lower
limits of how rare a heat wave is in Sodankylä where, according to
these figures, a heat wave of this magnitude occurs at least every 90
years.* In southerly Jokioinen, it is expected to occur at least every
140 years. Unlike in Copenhagen or Dublin, for example, these heat
waves are actually extreme and are not categorized as the “new
normal”—instead, they form a new category.



We experienced even more difficulties when attempting to
attribute this heat wave to climate change. Finnish summers are
changeable: sometimes the temperature drops to freezing, other
times it exceeds 20°C (68°F). This variability makes it almost
impossible for us to calculate with confidence which temperatures
are possible in worlds with and without climate change; almost
anything is possible in either world. The only thing we can say for
certain is that climate change has made the heat waves more likely.

Although we are talking about one and the same heat wave,
triggered by a high-pressure area over Scandinavia, the story is very
different for Oslo and Sodankylä. While summers in Oslo tend to
stay more or less the same, making it even more obvious when the
temperature fluctuates (potentially aided by climate change),
Sodankylä’s summers are so fickle that the signs of climate change
really need to stand out.

Why is this significant? While climate change in Finland is
important, of course, this is about what is actually normal in the
modern era of climate change. A “normal” Finnish summer is defined
fairly vaguely and covers a wide spectrum of temperatures, while
summers in London and Utrecht are fairly uniform with narrow
boundaries. So while a much hotter summer in the south of northern
Europe would be a good example of how climate change is affecting
our everyday lives, a hotter summer in the north of northern Europe
isn’t—or at least is a less useful example. The more boring the
weather, the easier it is to pin down climate change.

Perhaps the most important task of our World Weather Attribution
team is, therefore, to figure out which weather is actually still normal
in the world in which we live. In northern Europe, it is normal for
summers to vacillate between hot and cold, while summer is always
hot in southern Europe. It might sound mundane, but we need to
know what weather is actually possible before asking how it has
been altered by climate change.

We must also remember that climate change may not be the
reason why an extreme event has become more likely. There may be
other reasons for a disaster—such as deforestation, poor urban
planning, or simply an unusually warm El Niño year or the chaotic



variability of the weather itself. Even a hot summer doesn’t change
the fact that weather and climate are not the same thing and that
climate change cannot be seen in every weather event. Of the 190
cases of extreme weather we have studied so far—most of them
heat waves, droughts, extreme rainfall, and floods—climate change
has made around two-thirds more intense or more likely.5 And those
are just the events that have been studied; many more extreme
weather events have occurred over the past years for which the role
of climate change has not yet been researched.

Climate Change Has Arrived in Everyday Life

Admittedly, this is all fairly complicated. And yet attribution studies
are already helping to provide clarity and to pinpoint the effects of
climate change in everyday life. The real breakthrough will only
come when people think about climate change all the time—not just
when experiencing a lengthy heat wave, but in the midst of a cold,
gray winter when they find themselves longing for hot weather.

Most people in central Europe are slowly beginning to look at the
weather in a new way. We didn’t need to worry about it all that much
before, unless deciding whether to carry an umbrella or wear a
jacket. If the German Meteorological Service (DWD) issues a storm
warning, the only people who’ll take notice are likely to be festival
organizers and rail companies. Most people will barely alter their
plans, and that’s if they pay any attention at all. The situation is very
different in many areas of the U.S. It isn’t that Germans don’t trust
their weather service (the reverse is true, if anything) or that they
aren’t as smart. But in the American Midwest, everyone knows that
the weather can be dangerous and that truly terrible weather is more
than just an inconvenience—it can kill. If a tornado warning is issued,
they don’t go out in their cars; they stay home, make sure they’re
safe, and maybe even head down to their storm shelter.

This isn’t to say that climate change will transform central Europe
so drastically overnight that the weather will start killing loads of
people on a regular basis; the 2003 heat wave was an exception.



But climate change is making noticeable changes to our everyday
lives via its manifestation, extreme weather.

Take floods, for example: when rivers burst their banks in
southern England in January 2017, it was in part due to climate
change, which had made the floods more likely (although only a
little). These floods can now be expected every seventy years,
instead of every hundred. Most people will still only experience them
once in their lifetime. And they wouldn’t have been fundamentally
different without climate change. While such gradual changes barely
register in our everyday lives, at least directly, they are definitely
picked up by insurance companies: reliable evidence of even a slight
increase in water levels and the probability of flooding could
dramatically reduce real estate values if insurance companies alter
the way they calculate risks and houses are suddenly deemed to be
in high-risk zones. Thanks to climate change, some houses in Great
Britain’s Thames river valley are now situated in a flood area. It may
not affect that many houses, but if one of them is yours, it will
definitely be important.6

Then we come to heat waves. Climate change has made
Mediterranean heat waves around one hundred times as likely. In
other words, their probability has increased by a whopping 9,900
percent. This will seriously affect the people living in the region—
especially elderly people who are already weak and susceptible to
heat stress.

If heat and aridity team up as they did in summer 2018 (in which
climate change played a comprehensive role), the consequences for
humanity can be severe—including forest fires and withered fields. In
such cases, it is extremely important to know whether a summer like
2018 will occur more often. The government might be able to spend
millions supporting farmers for one summer, but they can’t do it
every year. If in doubt, they will have to consider other instruments
such as weather insurance.

Attribution studies are also important because most of us only
realize how vulnerable we are when caught off guard by storms,
droughts, or floods—and by then it’s too late. Or when we avoid



disaster by the skin of our teeth: when the rain returns and fills our
reservoirs, or a dam holds because the rain has eased. Attribution
studies provide valuable assistance in cases like these, determining
whether weather events previously so unlikely that they could be
ignored are still sufficiently infrequent that we do not require
extensive adaptation measures.

Floods: Annoyance or Existential Threat?

Finally, I would like to demonstrate the unexpected ways in which
climate change can infiltrate our everyday lives. Most Brits (along
with countless others around the world) share a love of soccer. Every
team is tied to a specific sports ground, some of which are located
near rivers or other bodies of water. Even a slight increase in flood
risk can affect an entire league—particularly in winter, the main
season for British soccer. Not necessarily for the major leagues,
whose teams have plenty of money and large, weatherproof
stadiums, but the lower leagues, which might attract less attention,
but have far more players.7

For nearly fifty days in the 2015/16 season, the stadium of
League Two team Carlisle United FC was forced to close after Storm
Desmond caused major flooding in the area. You might recall that
Desmond was one of the first extreme weather events we were able
to attribute to climate change.8 Fifty days without a stadium in the
middle of the season caused real problems for Carlisle United,
mainly financial. Even a few days lost to climate change can be a
few too many. The smaller the club and the more it depends on
income from home matches, the more it will be affected by such
changes in the weather. What might be “nuisance flooding” to some
could change someone else’s entire life, even that of a local soccer
team.

You don’t need to study physics to understand the results of
studies asking whether and how climate change is making extreme
weather more likely. Admittedly the calculations are a little complex,
but if you consider them important, you’ll figure them out. Essentially,



journalists, newspaper readers, mayors, scientists, and NGO
employees need to ask themselves just four questions to classify the
role of climate change in their everyday lives or plans:

• To which extreme event(s) am I vulnerable?
• How extreme is this event?
• Has the probability of the event changed and, if so, how much?
• How great are the uncertainties?

Most of us probably don’t consider which weather could cause us
actual harm. I’ve only thought about it once: when buying a house, I
had to inform the insurance company of the flood risk. My house is
on a hill, so it didn’t take me long. Most people probably won’t think
about it until there’s water in their family room, trees are falling on
cars, or elderly relatives are admitted to hospital with dehydration.

But the more attribution studies there are, the more newspaper
articles we will see about people being confronted with these four
questions. If we see extremes becoming the new normal for other
people, we might start to wonder what extreme events we could
experience ourselves.

Day 52

While the people of Houston and the surrounding area spend mid-
October 2017 clearing the wreckage and getting their homes back in
order, another hurricane is forming over the Atlantic. It is unusual to
see a hurricane so late in the year, but Ophelia is the perfect
conclusion to a crazy hurricane season with ten named storms in the
Atlantic; this has not happened since 1893.

Hurricane Ophelia developed 186 miles southeast of the Azores.
But this time—and this is a lot more unusual—it isn’t traveling west
to America. Instead, it’s heading north—over the Azores, where it
fells a few trees and floods the shores, and on to Portugal, where its
violent winds stoke up the forest fires.* It then moves on to Ireland,
where winds of up to 118 miles per hour rip roofs off houses and
snap trees. It will later transpire that this is the first Category 3



hurricane of the satellite era to move so far east. This is also partly
due to unusually high ocean temperatures.9

On October 16, the storm moves over Scotland and even
stretches as far down as southern England. Ophelia may no longer
be categorized as a hurricane, but its winds are still powerful enough
to rip tiles off roofs, snap transmission towers, and uproot trees.

It carries souvenirs of its journey: a huge, swirling cloud of
particles from Portugal’s forest fires and the Saharan dust it sucked
up after forming in West Africa. The dust scatters the sunlight, which
does not diffract as usual; behind this hazy veil, morning dawns on
October 16 with an unusual color in England’s skies. From my office
window, I can see the hurricane’s final legacy: an apocalyptic,
yellow-red sky.

At that moment, I feel a little regret that we are not yet able to
quickly attribute hurricanes to climate change; their physics are
complex and climate models still find them tricky. So far, we have
only been able to attribute their side effects, such as the extreme
rainfall over Houston, but we are working hard to determine
humanity’s impact on the strength of storms. Ultimately, we want to
know whether
Harvey, Irma, and Ophelia are the heralds of a new era. We know
that the increased rainfall of these hurricanes as well as less
extreme events are now more likely—but we don’t just want to
identify the “new normal.” It’s time to tackle the next question: What
is the “new extreme”?

* In some parts of Europe, the heat was paired with aridity. It is often this combination that
determines how people experience a heat wave. It is highly debatable whether climate
change has made this combination of heat and aridity more likely. Another attribution
study would be required on this topic; our study focused solely on the heat wave, not on
the drought.

* Our previous work enabled us to proceed quickly: the 2018 study was essentially a repeat
of our study on the Mediterranean region from summer 2017.

* We are in fact becoming victims of our own success. It is fantastic to be able to present
our work to the world. But the media now expect to be provided with real-time information
about extreme weather events everywhere, as though we were a weather service instead
of a handful of scientists who are not paid to do any of this rapid attribution work, much



less attribute every single heat wave to climate change. The time may have come for
some of this work to be taken on by people and institutions who have the facilities to offer
operational weather services.

* The lower bound is more certain: it depends much less on the choice of methodology, is
influenced less by very extreme events, and is better supported with data.

* In summer 2017, aridity and extreme heat were a particular problem on the Iberian
Peninsula, a problem that clearly bore the hallmarks of climate change. (Kew et al., “The
Exceptional Summer Heat Wave.”)



EPILOGUE

WE ARE THE ones who will decide whether we get the weather we
want in the future—particularly for those members of our global
community who cannot sufficiently protect themselves against its
anger. With every carbon dioxide molecule emitted by a coal-fired
power plant, container ship, or minivan, we alter droughts, floods,
and hurricanes. Every time we vote, pick an electricity provider,
make financial investments, choose a mode of transport, or set the
menu for our next family get-together, we decide just how angry the
weather will get.

Attribution science allows us not only to look to the past, but also
to say what weather awaits us in the future depending on our
actions. With the methods developed in our discipline, we can
simulate the weather in a world that is 1.5°C, 2°C, or 3°C (2.7°F, 3.6°F,
or 5.4°F) hotter.

The Lucifer heat wave that transformed the Mediterranean into a
veritable furnace in summer 2017 would have been extremely rare in
a world without climate change; today, however, we can expect a
summer like that almost every eight years. If the global temperature
were to increase by another 0.5°C, making it 1.5°C warmer overall, a
heat wave of this magnitude would occur every four years. If it were
to rise by 2°C, we would experience these extreme temperatures
almost every second summer—and those are the most conservative
estimates from all our model calculations. With a 3°C increase, most
summers would be even hotter; 2017 would feel cool in comparison.

But 3°C? Isn’t that totally unrealistic? After all, didn’t the global
community agree to restrict global warming to 2°C, even to 1.5°C if
possible, when ratifying the Paris Agreement? No. From today’s
perspective this is not remotely unrealistic; it is precisely the scenario
we are heading toward. In the world our children and grandchildren



will most likely inherit, summers like those of 2017 in the
Mediterranean and 2018 in northern Europe will be exceptions—they
will be colder than usual.

We find ourselves on the threshold of a new age of extreme
weather. The good news is that we can still do something about it. At
least, we can prevent a 3°C rise and the weather it will bring, weather
that would give parts of the planet a whole new look—and not a very
pretty one.

If this were only about the current generation of Europeans, then
you could say we’re getting the weather we deserve. Sadly, it’s not
that simple. While we are faring pretty well and most of us enjoy,
rather than tolerate, the warm summers, our children and
grandchildren will pay for the havoc we are wreaking. And we are
indeed still wreaking it; thirty years after the IPCC was founded, there
is still no sign of a reverse in the trend. In 2018, more greenhouse
gases were emitted worldwide than ever before.1

Most people on Earth get weather they don’t deserve, people
who have benefited very little or not at all from the burning of fossil
fuels. Thailand, for example, will have to reckon with more frequent
extreme rain such as that of 2010, which submerged large swaths of
the country and killed more than 250 people. Even today, climate
change has made such deluges twice as likely; in a 2°C world, they
would occur even more often.2

In northwest India, the probability of heat waves like that of 2015
has not yet increased. But in a 1.5°C world, these heat waves will
become twice as likely. In a 2°C world, they will be a full ten times as
likely; they will become normal.

Of course, climate change is not making everything worse
everywhere; there are occasional glimmers of hope. Peru, for
example, will be increasingly spared from cold spells like that of
2013, which killed over five hundred people. However, the country is
facing other problems: melting glaciers are threatening the homes of
people like Saúl Lliuya, the farmer who took RWE to court.

The case of Lliuya v. RWE AG shows that even a Peruvian farmer
no longer has to stand by and watch, powerless, as climate injustice



reigns. Attribution transforms climate injustice from a theory
calculated in models into a real-world concept.

These developments may finally tip the scales of the global
energy system—at least according to the late Elinor Ostrom, an
American political scientist and the only woman to have ever won the
Nobel Memorial Prize in Economic Sciences. She believed that such
transformations happen when groups with little access to power
become aware of the power they do have and the actions they can
take, and express these through social movements, strikes, and
protest marches, by voting, or even through lawsuits. There is plenty
we can do to make countries and companies accept and tackle the
challenges of climate change. Every single one of us can help
decide whether global warming increases by 2°C, 3°C, or 4°C (3.6°F,
5.4°F, or 7.2°F). This is both an opportunity and a responsibility.

Those in the global North have more responsibility, of course;
unlike many of our fellow humans, we do not have to spend every
day figuring out how to survive. We have the freedom to take action.
When I read a newspaper article about the repercussions of climate
change or discuss it with someone I know, the tone generally veers
between panic (the world is going to end, this is just the start, it will
be even worse than we think) and total apathy (corporations will
always have the upper hand, people only think about themselves,
politicians are all talk and no action). These feelings are all too
human. Without numbers, the limits of responsibility become blurred;
everything is either terrible or meaningless. Does it make any
difference whether I fly to Paris or catch the Eurostar? Who can tell
whether and to what extent the things I do today will affect the
future?

Science is not a universal remedy for panic and ignorance, and
attribution science alone will not save the world. It is, however, an
effective tool to provide guidance and show whether climate change
has fundamentally changed the rules of specific weather events,
played only a minor role, or been wrongfully blamed.

Scientific methods provide a robust bulwark whenever interest
groups circulate “fake news,” politicians try to downplay the
consequences of environmental pollution, or climate activists paint



an apocalyptic picture. Well-founded numbers enable us to identify
those actually responsible and expose attempts to conceal or even
deny uncomfortable facts. They also give us the tools we need to
better protect ourselves against the consequences of extreme
weather in the future.

Attribution science is only just getting started. Many things that
will be possible tomorrow are still pie in the sky today. But the
foundations have been laid. This book will have fulfilled its purpose if
it increases awareness of the impact climate change is having today
and how this is reflected in our weather—and that this is neither a
fabrication nor a catastrophe that we are powerless to stop.
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EDITORIAL NOTE

Angry Weather is not a scientific discourse on the development of
attribution science over the last fifteen years.

It therefore does not mention a ll the key scientists who have
helped shape the discipline during this time, nor does it cite all
significant publications. Those who are given a voice or whose work
is cited have been chosen because they provide examples for the
points I wish to illustrate. If one of my colleagues had written this
book, they would have focused on different aspects, cited different
literature, and featured different people. Sources are provided for all
the facts in the book, but the interpretation of these sources is mine
and not the only possible interpretation. Much of the story about
Hurricane Harvey comes from my memories and will certainly not
match my colleagues’ recollections word for word. The book reflects
my worldview as a proud member of the “footloose elite” and citizen
of nowhere that British politicians are so fond of disparaging. My
opinions in this book are my own and do not necessarily reflect the
stance of World Weather Attribution.
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