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Het risico onder de loep

Samenvatting 

Catastrofale gebeurtenissen van ongekende omvang, zoals de financiële crisis in 2008 

en de pandemie in 2020, hebben grote gevolgen voor de samenleving. Het begrijpen 

van catastrofale risico's is de sleutel tot het opzetten van een vangnet en 

resolutieplannen. Catastrofale risico's zijn echter niet constant in de tijd.

In deze oratie laat ik recente ontwikkelingen zien in extreme waarde statistiek om de 

trend in catastrofale risico's te begrijpen. De nieuwe ontwikkelingen bieden meer 

inzicht in recente catastrofale gebeurtenissen en voorspellingen voor catastrofale 

risico's. Ik schets ook lopend en toekomstig onderzoek op dit gebied.

Inaugural Lecture on May 18 2022. Prof. dr. Chen Zhou 

A Tale of Risk

Abstract 

Catastrophic events at unprecedented levels such as the financial crisis in 2008 and the 

pandemic in 2020 plunged the society into great distress. Understanding catastrophic 

risks is the key to build a safety net and resolution plans. However, catastrophic risks are 

not constant over time.

In this inaugural address, I demonstrate recent techniques in extreme value statistics to 

understand the trend in catastrophic risks. The new advances provide more insights on 

recent catastrophic events as well as predictions for catastrophic risks. I also highlight 

ongoing and future research in this area.
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Introduction

Dear Rector Magnificus,

Dear colleagues, friends and family,

Dear distinguished guests,

In the next 40 to 45 mins, I will tell a tale of risk about “tail risk”'. Unfortunately, “tail risk” 

is not a fairytale: catastrophic events are often associated with losses and tragedies, 

sometimes plunged the society into great distress. Exactly three months ago, on Feb 18, 

the Storm Eunice hit The Netherlands. The Royal Netherlands Meteorological Institute 

(KNMI) issued code red day ahead, warning for the storm. As a consequence, Erasmus 

University Rotterdam decided to shut the door in the afternoon of Feb 18.

Once the storm arrived, the maximum wind speed was measured at 145 km/h, at a 

weather station close to Lopik. The strong storm damaged the roof of the stadium  

ADO Den Haag. Sadly, there were four people killed in accidents involving fallen trees. 

This storm turns to be among the top three in the last fifty years, with two other  

storms at a similar level in 1976 and 1990.

Based on such a history, many mainstream media reported that this is a once per 

30-year event because the intervals between these three events are 24 and 32 years, 

with an average of 28 years. Would you agree with this assessment? After all, it is  

based on only three historical events in the past. Actually, if we count “intervals”,  

there are only two.

I call such an analysis a “historian view”. Let us stretch such a historian view a bit further. 

Two days after the Storm Eunice, on Feb 20, the Storm Franklin hit The Netherlands 

again. Although the scale of Storm Franklin is slightly lower than that of Eunice, 

counting together the fact that Storm Dudley had arrived on Feb 16, we have 

experienced three strong storms in less than a week. The last time such an event 

happened dated back in 1928, almost one hundred years ago. Based on this history,  

the “historian view” may conclude that we are witnessing a historical event once  

per 100 years, longer than the typical lifespan of an ordinary person!

As a statistician, I feel unsettled with such historian views. Instead, we need to  

have rigorous mathematical tools in order to accurately quantify the rareness of  

such catastrophic events. For example, the rareness of a storm can be evaluated  

by estimating the probability of having wind speed exceeding the observed level, 

sometimes referred to as the “tail probability”. 
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An analogous question is to estimate the size of a catastrophe when the tail probability 

is given. For example, along the Dutch coast and river, there are dikes to protect the 

country below the sea level. The height of such dikes is regulated by the Dutch water 

law. For instance, for the coast of North and South Holland, the dike should be 1 meter 

higher than the “once per 10000 years”' sea level. How to determine such a level, when 

we only have 100-year data? Generally speaking, this question is about estimating a 

high threshold such that the probability above it is at a pre-specified low level. 

Understanding the risks of these events is the key to build a safety net and resolution 

plans such as how to evacuate residence when a flood arrives. Underestimating 

catastrophic risks can result in a less prepared and vulnerable society. 

The two examples above are typical questions in tail risk analysis which is the focus of 

my research. My research on tail risk analysis targets to predict catastrophic risk. 

Obviously, the main challenge here is the insufficient data on extreme events. 

There is another layer of challenge arising in recent years. With the emerging debate on 

climate change, we realize that tail risk may not be constant over time. In other words, 

history may not repeat itself in a superficial way, such as having similar intervals 

between catastrophic events. We have to abolish such a superficial historian view in 

order to analyze whether catastrophic events occur more frequently or more severely 

than before. 

Of course, we still need to learn from historical data. History always repeats itself, but 

can be in a sophisticated way. While tail risks may change over time, there must be 

some fundamental characteristics or relations that are not changing over a longer 

historical horizon. That can be used to predict the future. Understanding the trend in 

tail risks has been the focus of my research in the last ten years.

Although the practical examples above are discussed in the context of climate risks,  

the mathematical tools I have developed can be adapted to analyze other tail risks.  

For instance, the risk of a new type of financial crisis under new regulations can differ 

from historical financial crises. Another example is hospital congestion we have 

experienced during the pandemic. With a new type of virus spreading at a faster  

speed, the risk of having hospital congestion can be higher than historical pandemics.

In this lecture, I will start with a thorough example analyzing the Storm Eunice.  

I will walk you through the tools for analyzing changing catastrophic risks developed  

in the last few years.

Analyzing the Storm Eunice

Let us look at daily maximum wind speed data at the Schiphol airport, where strong 

wind matters the most, because it may affect the takeoff and landing of airplanes.

Figure 1 shows the data covering the period from Jan 1981 until Jan 2022 (41 year  

and 1 month), right before the Storm Eunice in Feb. The unit of data is 0.1m/s, i.e. 150 

means 15m/s. To eliminate seasonality effect, we focus on the winter season containing 

the months November-March for each year, about 150 days per year. The final dataset 

contains 6232 observations.

Figure 1 Daily maximum wind speed at Schiphol

On Feb 18, during the Storm Eunice, the maximum wind speed at Schiphol is 240 

(24m/s), indicated by the red line. To evaluate how unlikely this event is, we intend to 

estimate the probability that the wind speed at Schiphol is above 240. In the historical 

data, we observe that there are only two events exceeding this level. From the historian 

view, we would estimate the probability of having such a catastrophic storm at 2/6232. 

Converting this probability to years, it corresponds to “once per 20.8 year”.

Now we will try to find a more reasonable statistical approach to estimate the 

probability using more information about strong storms. Let us first do some 

exploratory work. By lowering the red line to a different level, high but not so high,  

we can follow the “historian view” to calculate the exceedance probability of having 

wind speed higher than that threshold. In particular, we do that for each observation. 
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For instance, for the highest observation recorded on Jan 25, 1990, the probability is 

1/6232; if we draw the red line at the second highest observation recorded on Nov 8, 

2018 , the probability is 2/6232, etc. We make a scatter plot for the observed wind 

speed against the corresponding exceedance probability. Since we would like to focus 

on strong winds, we only make the plot for wind speeds above some high level.

Figure 2 shows two scatter plots for wind speeds above 150 (left) and 180 (right).  

With an increased threshold, the right plot is actually a “zoom in” of the left plot. In 

other words, we look at the tail observations “onder de loep”.

We observe that the two scatter plots look quite similar to each other. That means if we 

zoom in on the left plot, there is a self-similarity feature. I like to call the self-similarity 

feature the “broccoli effect”: If you have a broccoli, cut a branch of the broccoli out, 

then, putting the branch “onder de loep” makes it look like the whole broccoli.

Figure 2 High wind speeds and exceedance probabilities High  
wind speeds and exceedance probabilities 

Can we further find some regularities in the strong winds? Let us take the logarithm 

scale at both the x- and y-axes. Figure 3 shows the log-log plot for the scatters. After 

this transformation, surprisingly, the dots are now lined up in a straight line. This is 

particularly the case for the dots corresponding to stronger wind: the straight-line 

bends slightly at the left top corner in the left plot where the wind is not so strong. By 

contrasts, in the right plot where we consider stronger wind, the straight line is more 

evident. 

We can now answer our question about how unlikely the Storm Eunice may occur,  

or in this context, what is the probability to have a daily maximum wind speed 

exceeding 240. By calculating log (240) at 5.48, we can find the corresponding y value 

on the straight line as -7.7, indicated by the triangular point. Converting it back to the 

exceedance probability, we get 0.045%. This corresponds to “once per 14.9 year” event, 

which is quite different from the historian view of “once per 20.8 year”.

Figure 3 log-log plot for high wind speeds and the corresponding 
exceedance probabilities 

 

The analysis above is a typical extreme value analysis for analyzing the tail probability  

of a catastrophic event. In fact, by using the straight line, we can even estimate the tail 

probability of a catastrophic event beyond the observed maximum such as what is  

the chance to have a wind speed exceeding 30m/s. In other words, we can predict the 

probability of a catastrophic event that had never happened before. That is the power 

of extreme value analysis.

The power of extreme value analysis goes beyond predicting the tail probability.  

For example, by fixing a tail probability on the y-axis, one can use a reserve procedure 

to find the corresponding size of a catastrophic event on the x-axis. This would be 

useful for estimating the required height of the dike along the coast.

This analysis, although quite powerful, relies on an important assumption: The historical 

relation between the exceedance probability and the wind speed remains unchanged. 

In other words, the straight line should stay valid over time. However, such an 

assumption can be criticized in the constantly changing world. For instance, due  

to climate change, the straight line might lift in its level, or tilt in its slope. Therefore,  

we need a careful analysis to address the time variation of catastrophic risk.
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Time Trend in Catastrophic Risk

We now explore whether there is a time variation in the tail risk of wind speeds.  

The idea is to repeat the procedure above, but now only use a subset of data.  

We cut our 40-year data into 5 subsets, each containing 8-year data. The first subset  

of data ranges from 1981 to 1988, the second subset of data ranges from 1989 to 1996, 

etc. For each subset, we use observations above 160. This is a slightly lower threshold 

compared to that used for determining the straight line when considering the full 

dataset, because we need to ensure enough observations above it in each subset.

Figure 4 shows the five straight lines obtained from the five subsets. Surprisingly,  

all straight lines, except the one from the first time period 81-88, are more or less 

parallel to each other. If we do assume that the lines are parallel, then the slope of  

such a line is a stable parameter over time. This would be a fundamental characteristic 

that remains unchanged in longer historical period. By contrast, the four lines are at 

different levels. Therefore, there is indeed a variation over time in the intercept.

If we estimate the probability of having a wind speed above 240 using different lines  

as indicated by the vertical line, we will observe quite different exceedance probabilities. 

For instance, for the two lines corresponding to 89-96 (red) and 13-20 (light blue),  

we obtain the y-axis values at -6.57 and -7.57, with exactly a difference of 1. 

When converting that to the exceedance probability using the exponential function,  

a difference of 1 in log probabilities turns to be about 3 times difference in the 

probabilities. In other words, the probability of witnessing a storm like Eunice in  

recent years (13-20) is only about 1/3, compared to that in the early 90’s.

Figure 4 Straight lines obtained from subsets of data

If we would like to assume that the lines are indeed parallel, such a difference will  

be kept constant over all different thresholds. In other words, no matter which 

catastrophic event we want to evaluate, the corresponding tail probability obtained 

using data in 13-20 will always be about 1/3 of that obtained using data in 89-96.

To address such a scaling effect, Einmahl et al. (2016) introduced a concept 

“heteroskedastic extremes”. The word “heteroskedastic” means “different scales”.  

We assume that at any time point in history, and potentially in the future as well,  

the tail probability of a catastrophic event is scaled up or down compared to a long  

run average. That scaling factor over time, can be defined as a smooth function,  

which shows the trend in tail risks.

Einmahl et al. (2016) provided statistical tools to estimate such a scale function and  

to test whether it is a constant. Notice that having a constant scale function means  

that there is no trend in tail risks. If I apply those tools to the wind speed data at 

Schiphol, I obtain the following graph.



20    A Tale of Risk Chen Zhou    21

Figure 5 Scedasis function estimated using the wind speed  
data at Schiphol

The scale function indicates the ratio between the tail probability at different historical 

time points and its time average over the entire period. For instance, for the period 

13-20, the scale function varies around 0.5, while for the period 89-96, it varies around 

1.5. This reflects the scale of 3 in the exploratory study.

The graph provides more information than that. Surprisingly, the scale goes done since 

mid-90’s. It means that we have less and less frequent catastrophic storms. The lowest 

point is at the very right, at about 1/3. The probability of having the Storm Eunice, 

standing at Jan 2022 is about 1/3 of the average probability. The average probability 

coincides with the preliminary analysis where we did not consider heteroskedastic 

extremes. Recall that in the preliminary analysis, we obtained that the Storm Eunice 

occurs “once per 14.9 years”. Hence, after counting heteroskedastic extremes, the 

Storm Eunice is estimated as a “once per 45 years” event. Interestingly, compared to  

the historian view, this result points to a more rare catastrophe.

Is Figure 5 a meaningful result? Is it really the case that we have less catastrophic storms 

now than before? Meteorological research found that one most important factor for 

the climate around the Atlantic Basin is the North Atlantic Oscillation (NAO). The North 

Atlantic Oscillation (NAO) index describes the state of the Atlantic jet stream and is 

directly related to near-surface winds (Scaife et al., 2014). In particular, strong storms 

occur with high NAO index.

Figure 6, reproduced from Hurrell et al. (2004), shows the NAO index in January-March 

over a long history. We do observe that the pattern since 1980 resembles the scale 

function we estimated. 

Figure 6 The NAO index (reproduced from Hurrell et al., 2004)

The analysis so far focused only on the wind speed. The same methodology can also  

be applied to other contexts, for instance, financial market risk. Einmahl et al. (2016) 

estimated the scale function for the weekly losses of a major stock market 

index—S&P500 index—from 1988 till 2007, right before the 2008 global financial crisis. 
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Figure 7 The scale function estimated for S&P500 losses  
(reproduced from Einmahl et al., 2016)

The estimated scale function not only summarizes the pattern of historical financial 

crises, but also has indicated that that chance of having a new catastrophe is building 

up at the end of 2007. Had such an analysis been conducted before 2008, we would 

have been better prepared for the upcoming turbulence in the financial market.  

Ongoing and future research

The aforementioned methods only resemble the starting point of handling time trends 

in catastrophic risks. They generate more questions than answers.

Firstly, do not forget that the analysis relies on assuming that the slopes of the straight 

lines are not changing over time. By contrast, Figure 4 already hinted that this 

assumption itself might not be plausible: The straight line corresponding to 81-88 

seems to be tilted slightly. Can we allow for variation in the slope over time? The 

answer is yes. In a new paper, de Haan and Zhou (2021), we established tools to handle 

this more fundamental change.

Secondly, if one intends to predict future catastrophic risk, it is necessary to further 

extrapolate the scale function into the future. One possibility is to impose a parametric 

model on the scale function. Following up our work, Mefleh et al. (2020) investigated 

linear and log-linear trends and provided the tools for estimating such parametric 

models. However, as demonstrated by the estimated scale functions, they are often 

neither linear nor log-linear. Therefore, more sophisticated tools to handle realistic 

models are yet to be developed.

Thirdly, motivated by the North Atlantic Oscillation discussion, it is natural to relate the 

scale function to other external covariates. How to establish a model and estimate the 

relation between the scale function and external covariates remains as an open 

question.

For climate catastrophes, a potential covariate is the geographical location. However, 

when aiming at the scale function across space, the difficulty arises due to spatial 

dependence. Climate events over space are not independent: If we are suffering from a 

strong rainfall here on campus, it is likely that the city center of Rotterdam is also being 

showered. Therefore, estimating the scale function over geographical locations needs 

to take into account the spatial dependence. In a recent paper, Einmahl et al. (2022), we 

handled this challenge.

The potential external covariates go beyond the geographical location. For climate 

risks, one may also consider height, air pressure, or even the NAO index itself. For 

financial risks, potential covariates are indicators of economic status, such as credit-

to-GDP gap, a well debated predictor for financial crises. Facing the era of big data, the 

potential number of covariates can be massive. It is then vital to select an informative 

subset out of massive available information. Selecting relevant covariates and 

establishing a flexible forecasting tool for the future catastrophic risks sit right on top of 

my research agenda.

As the inaugural lecture continues, I have demonstrated the state-of-art research 

regarding statistical tools to analyze the trend in tail risks. Clearly, this line of research is 

still ongoing, and trending upwards.
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