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¢ƘŜ ǊŜǇƻǊǘ άTechnical Addendum to the Winningsplan Groningen 2016 - Production, Subsidence, Induced 
Earthquakes and Seismic Hazard and Risk Assessment in the Groningen Fieldέ Ŏƻƴǎƛǎǘǎ ƻŦ ŦƛǾŜ ǎŜǇŀǊŀǘŜ 
documents: 

Document 1 Chapters 1 to 5;  Summary and Production 

Document 2 Chapter 6;  Subsidence 

Document 3 Chapter 7;  Hazard 

Document 4 Chapter 8;  Risk  

Document 5 Chapter 9;  Damage and Appendices.   

Each of these documents is also available as a *.pdf file of a size smaller than 10Mbyte, allowing sharing 
through e-mail.   
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8 Risk Assessment 

Probabilistic Risk Assessment 
Risk Metrics 
The results from the probabilistic hazard and risk analysis (PHRA) are summarised via risk metrics which are 
related to the annualised probability of fatality for an individual person or for groups of people, taken as an 
average across the forecast period of the PHRA. These risk metrics - άLƴǎƛŘŜ [ƻŎŀƭ tŜǊǎƻƴŀƭ wƛǎƪέΣ άhōƧŜŎǘ-
ōƻǳƴŘ LƴŘƛǾƛŘǳŀƭ wƛǎƪέΣ άbǳƳōŜǊ ƻŦ tŜƻǇƭŜ ŀǘ wƛǎƪέΣ ά/ƻƳƳǳƴƛǘȅ wƛǎƪΣ ŀƴŘ ά{ƻŎƛŀƭ wƛǎƪέ ς are defined below. 
άLƴǎƛŘŜ [ƻŎŀƭ tŜǊǎƻƴŀƭ wƛǎƪέ ŀƴŘ άhōƧŜŎǘ-ōƻǳƴŘ LƴŘƛǾƛŘǳŀƭ wƛǎƪέ are individual risk metrics (related to 
probability of fatality for an individual), whereas the remaining three metrics are measures of aggregate risk 
(related to probability of fatality for multiple people or for groups of people). 

When measuring risk, it is important to select a risk metric that is appropriate given the purpose of the risk 
measurement. In many cases there is more than one option available as to which metric to use. An advisory 
committee, Commissie Meijdam, was established in early 2015 to advise on risk policy related to Groningen 
earthquakes, including the selection of risk metrics. In December 2015 the Commissie Meijdam shared its third 
and final advice with the Minister of Economic Affairs.  The selection of risk metrics for this PHRA reflects the 
final advice published by Commissie Meijdam.  

The following table contains a summary of the risk metrics used in this PHRA along with the purpose of the risk 
metric: 

Type of Metric Risk Metric Purpose(s) 

Individual 

Inside Local Personal Risk* 
(ILPR) 

1. Individual risk metrics to measure building collapse risk 
(ILPR) and falling object risk (OIR) relative to norm of 
10

-5
 overall individual risk 

2. Check if any buildings/objects have individual Risk  
above 10

-4
 (high priority for action) 

Object-bound Individual Risk* 
(OIR) 

Aggregate 

Number of people (or 
buildings/objects) at risk 

Assess overall scale of risk across region and therefore 
determine do-ability of structural upgrading program  

Community Risk 
Input towards prioritisation of buildings/objects (which 
don't comply with individual risk norm) within structural 
upgrading program 

Social Risk* 

1. Provide risk insights to National Coordinator Groningen 
for prioritisation of communities in multi-year plan  

2. Consider additional measures (where άǊŜŀǎƻƴŀōƭŜέύ 
beyond reducing individual risk to below 10

-5
 

 

*For clarity, Dutch translations of these metrics in the final Commissie Meijdam advice are: 

¶ [ƻŎŀƭ tŜǊǎƻƴŀƭ wƛǎƪ Ґ άtƭŀŀǘǎƎŜōƻƴŘŜƴ wƛǎƛŎƻέ 

¶ Object-ōƻǳƴŘ LƴŘƛǾƛŘǳŀƭ wƛǎƪ Ґ άhōƧŜŎǘƎŜōƻƴŘŜƴ LƴŘƛǾƛŘǳŜŜƭ !ŀǊŘōŜǾƛƴƎǎǊƛǎƛŎƻέ 

¶ {ƻŎƛŀƭ wƛǎƪ Ґ άaŀŀǘǎŎƘŀǇǇŜƭƛƧƪ RƛǎƛŎƻέ 

Inside Local Personal Risk 
ά[ƻŎŀƭ tŜǊǎƻƴŀƭ wƛǎƪέ (LPR) is generally defined as the annual probability of fatality for a fictional person, who 
is continuously present without protection at a specific at-risk location. For Groningen earthquakes, LPR is 
defined as follows: άǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŘŜŀǘƘ ƻŦ ŀ ŦƛŎǘƛƻƴŀƭ ǇŜǊǎƻƴ ǿƘƻ ƛǎ ǇŜǊƳŀƴŜƴǘƭȅ ƛƴ ƻǊ ƴŜŀǊ ŀ ōǳƛƭŘƛƴƎέ. 
άLƴǎƛŘŜ [twέ όL[twύ ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ Ǌƛǎƪ ǘƻ ǇŜƻǇƭŜ ƛƴǎƛŘŜ ƻŦ ōǳƛƭŘƛƴƎs, and assumes that the fictional person is 
present inside the building 100% of the time, and the location of the person is uniformly and randomly 
distributed inside the building i.e. if 10% of the building collapses there is a 10% probability that the fictional 
person will be in the collapsed part of the building. In this PHRA, ILPR is used to measure the fatality risk to 
people inside the building from building collapse. The mean value of the ILPR is the primary metric used to 
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compare against the 10
-5
 individual risk norm (as recommended by Commissie Meijdam and accepted by the 

Ministry of Economic Affairs, requires the fatality risk for a person inside a building to be less than 10
-5
 per 

year). 

Whereas ILPR is normally calculated for a specific building, it can also be averaged across a number of buildings 
within a geographical area, such as within a map grid cell. In this report, the averaging of ILPR uses weighting 
based on the estimated day/night population of each building.  

Object-bound Individual Risk  
The Dutch term for Object-ōƻǳƴŘ ƛƴŘƛǾƛŘǳŀƭ Ǌƛǎƪ όhLwύ ƛǎ άObjectgebonden Individueel Aardbevingsrisicoέ hL!Φ  
Object-bound individual risk (OIR) is used to measure the contribution to individual risk from non-structural 
elements of buildings, such as chimneys, parapets and gables, which pose a potential falling object risk to 
people inside and outside of buildings. The assessment of falling object risk is described in a separate report, 
however the key metric used to measure falling object risk, OIR, is defined here for completeness. In this 
ŎƻƴǘŜȄǘΣ hLw ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŀƴƴǳŀƭ ǇǊƻōŀōƛƭƛǘȅ ƻŦ Ŧŀǘŀƭƛǘȅ ŦƻǊ ŀ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǇŜǊǎƻƴέ ŦǊƻƳ ŀ ǎǇŜŎƛŦƛŜŘ 
ǇƻǘŜƴǘƛŀƭ ŦŀƭƭƛƴƎ ƻōƧŜŎǘΦ hLw ǘŀƪŜǎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƛƳŜ ǘƘŀǘ ŀ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǇŜǊǎƻƴέ ƛǎ 
exposed to the potential falling object risk, unlike LPR which assumes a person is exposed to the risk 100% of 
the ǘƛƳŜΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ hLw ƛǎ Ŝǉǳŀƭ ǘƻ [tw ƳǳƭǘƛǇƭƛŜŘ ōȅ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŜȄǇƻǎǳǊŜ ǘƛƳŜ ŦƻǊ ǘƘŜ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ 
ǇŜǊǎƻƴέΦ ¢ƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ hLw ǘƘŜǊŜŦƻǊŜ ǊŜǉǳƛǊŜǎ ŜȄǇƻǎǳǊŜ ǘƛƳŜ ŀǎǎǳƳǇǘƛƻƴǎ ǘƻ ōŜ ƳŀŘŜ ŦƻǊ ŀ 
άǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ǇŜǊǎƻƴέ ς the final Commissie Meijdam advice (Appendix 2 of this advice) provides an example 
of how to do this, and the specific assumptions used for the measurement of falling object risk are described in 
the appendices of the falling object risk assessment report. 

The OIR acceptance threshold for falling objects has not yet been defined (in the final Commissie Miejdam 
advice, or otherwise), since the OIR for a falling object is only one contribution towards overall individual risk, 
and the norm is based on overall individual risk of 10

-5
 taking into account all earthquake related risks. In the 

meantime (until an OIR acceptance threshold is defined), it is assumed for prioritization purposes that if the 
OIR for a falling object is significantly (e.g. an order of magnitude or more) less than 10

-5
 then the object is very 

likely to comply with the individual risk norm. 

Number of People at Risk 
The number of people at risk is used in this PHRA to determine the overall scale of the risk from Groningen 
earthquakes, which helps to assess the feasibility of (and options for) the measures available for mitigating the 
risk to comply with the defined norms (i.e. to reduce risk to acceptable level in an acceptable timeframe). For 
example, for a given production scenario the feasibility of the structural upgrading program can be assessed. In 
this PHRA, the number of people at risk is shown for ILPR, and is presented as a cumulative distribution (of 
people versus risk level). An ILPR distribution is also presented based on the number of buildings (rather than 
people), which can be easily compared to the structural upgrading scope.   

Community Risk 
Community Risk (CR) is the annualised rate of fatalities for a specified risk, with units of fatalities per year. CR 
is calculated by multiplying the LPR for a specified risk by the average number of people present in the at-risk 
area. Inside a building, the at-risk area is defined as the entire area inside the building, and CR is calculated by 
multiplying LPR by average number of building occupants (taking into account the proportion of time that the 
building is occupied). Outside of buildings, the at-risk area is defined as the area up to 5m from the building 
façade (based on empirical evidence of masonry falling from buildings), and CR is calculated by multiplying the 
LPR for this at-risk area by the average number of people in the at-risk area. The method for calculating CR for 
the area outside of buildings is further described in the falling objects risk assessment report. 

CR is used as an input towards the prioritiǎŀǘƛƻƴ ƻŦ ōǳƛƭŘƛƴƎǎ ƻǊ ƻōƧŜŎǘǎ ǘƘŀǘ ŘƻƴΩǘ ƳŜŜǘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ Ǌƛǎƪ ƴƻǊƳ 
for upgrading in the structural upgrading program. 

Social Risk 
! ƴŜǿ Ǌƛǎƪ ƳŜǘǊƛŎΣ {ƻŎƛŀƭ wƛǎƪ όάMaatschappelijk Veiligheidsrisicoέ ƛƴ 5ǳǘŎƘύ ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ƛƴ 
the final Commissie Meijdam advice as an alternative to Group Risk. Social Risk is an assessment of the 
ŦǊŜǉǳŜƴŎȅ όŦύ ǿƛǘƘ ǿƘƛŎƘ ŘŜŦƛƴŜŘ ƴǳƳōŜǊǎ ƻŦ ŦŀǘŀƭƛǘƛŜǎ όbύ ƻŎŎǳǊ ŘǳŜ ǘƻ ŜŀǊǘƘǉǳŀƪŜǎΣ ǿƛǘƘ ŀƴ ƻŦŦǎŜǘ ŦƻǊ άōŀǎƛŎ 
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ǎŀŦŜǘȅέ όŀǎǎǳƳƛƴƎ ŜǾŜǊȅƻƴŜ ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ ŜŀǊǘƘquake risk is at uncorrelated 10
-5
 individual risk). The 

calculation procedure for Social Risk is fully described in the final Commissie Meijdam advice, appendix 2.  

{ƻŎƛŀƭ wƛǎƪ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ǎŜǾŜǊŀƭ άŎƻƳƳǳƴƛǘƛŜǎέ όŎŜƴǘǊŜǎ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ǎǳŎƘ ŀǎ ǾƛƭƭŀƎŜs, towns or cities), 
ǿƘŜǊŜ ǘƘŜ άŎƻƳƳǳƴƛǘƛŜǎέ ƘŀǾŜ ōŜŜƴ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ŎƻƴƻƳƛŎ !ŦŦŀƛǊǎ ƛƴ Ŏƻƴǎǳƭǘŀǘƛƻƴ ǿƛǘƘ ǘƘŜ 
National Coordinator Groningen. 

There are two main purposes of Social Risk: 

1. To assist the National Coordinator Groningen with the prƛƻǊƛǘƛǎŀǘƛƻƴ ƻŦ άŎƻƳƳǳƴƛǘƛŜǎέ ƛƴ ǘƘŜ Ƴǳƭǘƛ-year 
plan by highlighting communities with higher Social Risk (in relative terms). 

2. To assist the assessment of certain risks like the risk of falling objects in a busy shopping street, taking into 
account the reasonable investments needed to reduce the risks.   
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Probabilistic Risk Assessment of Building Collapse 
In this section an assessment is presented of the risk associated with the collapse of buildings. While the 
Hazard Assessments issued by NAM have all been fully probabilistic since the Winningsplan of November 2013, 
the initial risk assessments were scenario based.  In May 2015, NAM issued for the first time a fully 
probabilistic hazard and risk assessment (PHRA).  At that time risk results were qualitative only, as these had 
not yet been fully calibrated to sufficient data obtained for the site-specific conditions of the Groningen field.   

For the interim update of the hazard and risk assessment in November 2015, a large amount of additional new 
data from the Groningen field area was included. This primarily comprised new data for soil and building types 
within the Groningen area. As a consequence, the interim update of the hazard and risk assessment of 
November 2015 provided, for the first time, a quantified appraisal of the seismic risk.  

In this hazard and risk assessment for Winningsplan 2016 again more data have become available and errors 
identified in the assurance program have been corrected.  These are mainly reflected in updates that have 
been made to the consequence model.  The first update in 2016 of the hazard and risk assessment was 
planned for 1

st
 July 2016.  With the earlier date for the Winningsplan 2016 not all planned improvements could 

be implemented before the delivery of the Winningsplan 2016.  These will be implemented in the next update 
expected mid-2016.  For instance, the results of the workshop on maximum magnitude will be available and be 
implemented and the results of the second shaking table test on a full-scale unreinforced masonry building will 
be available for validation of the numerical modelling.   

Inside Local Personal Risk (ILPR) 
With knowledge of the presence of people in these buildings, the number of people exceeding an Inside Local 
Personal Risk (ILPR) can be estimated.  The solid black line in figures 8.1 to 8.6 shows the number of people 
exposed to a certain level of local personal risk.  During this 5-year period, there are no buildings where the 
occupants are exposed to a mean local personal risk larger than 10

-4
/year.  Occupants of some 100 buildings 

are exposed to a mean local personal risk exceeding 10
-5
/year in the period 2016 to 2021.  Over the period 

2021 to 2026 this increases with some 100 additional buildings.  As risk is in this context often plotted as a 
logarithmic quantity, the mean log local personal risk is also shown.  The shaded grey areas indicate the norm 
set by the Committee Meijdam.  

The distribution of buildings with a mean collapse rate (note figure is not LPR as it does not yet take into 
account the likelihood of fatality if a building collapses) over the different building typologies is shown in figure 
8.7.  These are predominantly terraced buildings.  These estimates of buildings and people exposed to risk are 
aggregates over the total Groningen gas field area.   

The spatial distribution of buildings within given ranges of ILPR is shown in figure 8.8 for an optimized 
production scenario of 33 Bcm/year and in figure 8.9 for an optimised production scenario of 27 Bcm/year.  
When comparing these numbers with the norms advised by the committee Meijdam, the relevant map is 
upper right hand map, which shows that about 100 buildings do not meet this norm in the 33 Bcm/year 
production scenario.   

These estimates do not include non-structural elements, which have been assessed through a separate 
methodology and are described in a separate falling objects risk assessment report.  

To obtain a sense of the areal spread of the higher risk buildings maps of the LPR for individual buildings were 
prepared (Fig. 8.8 to 8.9).  Each of the approximately 160,000 occupied buildings within the exposure area is 
represented by a single dot. These are plotted in order of increasing risk so that the largest risks plot on top. 
Grey dots denote risks smaller than 10

-6
/year.  Figure 8.8 shows in the top right map for the 33 Bcm/year 

production level, the objects that do not meet the norm of 10
-5
/year and therefore need strengthening within 

the prescribed period of five years. In November 2015 the assessment indicated that several thousands of 
buildings did not meet this norm. The latest findings indicate that this number might be as low as several 
hundred buildings.  As this is the result of a probabilistic assessment, it must be validated through inspections 
of buildings.   
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Figure 8.1 Number of buildings and people exceeding a given inside local personal risk shown on (a) a linear scale and 

(b) a log scale for the 33 bcm production scenario and the 2016-2021 assessment period. The grey areas 

indicate the norm advised by the Committee Meijdam.   

 

Figure 8.2 As Figure 8.1, except for just the mean inside local personal risk.  Light grey band indicates LPR range 

between 10
-4
/year and 10

-5
/year.  Buildings in this range need to be structurally upgraded within 5 years.  

Dark grey indicated LPR>10
-4
/year.   
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Figure 8.3 Number of buildings and people exceeding a given inside local personal risk shown on (a) a linear scale and 

(b) a log scale for the 27 bcm production scenario and the 2016-2021 assessment period. The grey areas 

indicate the norm advised by the Committee Meijdam.   

 

Figure 8.4 As Figure 8.3, except for just the mean inside local personal risk.   
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Figure 8.5 Number of buildings and people exceeding a given inside local personal risk shown on (a) a linear scale and 

(b) a log scale for the 21 bcm production scenario and the 2016-2021 assessment period. The grey areas 

indicate the norm advised by the Committee Meijdam.   

 

Figure 8.6 As Figure 8.5, except for just the mean inside local personal risk.   

  



11 

Technical Addendum to the Winningsplan 2016 â 1st April 2016  

These estimates of buildings and people exposed to risk are aggregates over the total Groningen gas field area.   

  

  

  

Figure 8.7 Numbers of buildings exceeding a given average annual collapse rate for the 2016-2021 assessment period, 

the 33 bcm production scenario (top row) and the base-case of the logic tree. Exceedance curves are shown 

according to (left) building material, (right) building typology. The named building topologies denote the 

top-ten ranked according to the number of buildings with a collapse rate of at least 10
-5
/year.   

 Second row as top row, but for 27 bcm production scenario.   

 Bottom row as top row, but for 21 bcm production scenario.   

  
















