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Abstract 

Space vehicles travel long distances during launch or re-entry before reaching their destination. To reduce the risk to 

noninvolved third parties in the case of a non-nominal event, current best practice is to assure large parts of the ascent 

or decent flight phase are above open water or at least over regions with low population density. Nevertheless, at some 

stage the vehicles trajectory, respectively its instantaneous impact point, may pass over other countries than the one 

the launch took place in. This may pose a risk to this country’s population and infrastructure and it has to be assured, 

that their safety regulations are met. The need to consider multiple risk and safety policies of different states, compli-

cates and enlengthens mission planning. International harmonization of handling launch and re-entry related space 

flight risk, would simplify the access to space and the required planning and certification processes. Against the back-

ground of an increasing frequency of space operations the required safety measures have to be evaluated regarding 

their impact on air and sea traffic. When considering the consequences caused by such measures, for example in the 

form of extended flight trajectories, these contrast with the goals of air traffic that is as efficient and ecologically 

sustainable as possible. To minimize these effects and at the same time ensuring the safety of operation, more refined 

risk determination methods are required to effectively protect air and sea operations by leaving less space for unnec-

essary safety margins. As different approaches may yield different results, an international accepted framework for 

such calculations would be beneficial. To consider the basis for a process of international harmonization, the first step 

is to collect and compare common risk management practices. Many states do not have yet a national standard for 

launch and re-entry safety. Hence, other industrial sectors, especially aviation, and their way of handling risks to the 

general public are presented in this paper, additionally to already existing safety requirements in space transportation. 

The aim is to establish a summary of how risk is managed in different industries and countries and the way of deter-

mining it, that may support the development of a future international standard to assure launch and re-entry missions 

are safe and efficient. 
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1. Introduction 

When performing an orbital or interplanetary rocket 

launch the launch trajectory cannot be contained to re-

mote areas. The same holds for re-entry operations as for 

suborbital A-B flights. Other space operations can be 

more easily contained, but it is not necessarily assured 

that no other state is potentially affected. As each launch 

and re-entry operation poses a risk to its environment, 

this risk needs to be assessed. In the case it is deemed 

unacceptable high, measures to reduce it have to be im-

plemented. The standard procedure for air and sea traffic 

is to define areas where entering is prohibited, restricted 

or strongly advised against. The latter is the case for areas 

in international waters or airspace. For risk to infrastruc-

ture or the general public implementing such safety 

measures is more complex, except in close proximity of 

the launch pad or re-entry location. There, increased risk 

during operation is known when setting up the necessary 

infrastructure for the planned space operation. Hence, 

land use can be controlled and the public prevented from 

entering. These kinds of risks are third-party risks, as the 

people at risk are not involved in the operation posing the 

risk [1]. 

Generally, several states are passed by the space ve-

hicle and each states population is exposed to a risk. Even 

if small, it has to be assured that every affected country 

is informed and that the residual risk is acceptable from 

their point of view. As different states have different 

thresholds for what is acceptable and also different meth-

ods of determining risk, it can be a lengthy process to 

cope with each state’s safety demands. This holds espe-

cially for potential operations out of Europe, with its 

large number of sovereign countries, in combination with 

the risk of failure being highest in the early flight phases 

of a launch, paired with potential jettison of components. 

Concerning re-entry operations, the focus of this pa-

per lies on controlled reentries of vehicles aimed to reach 

the earth surface intact at a specified landing site. The 

ongoing descent and deceleration leads to a reduction of 

debris dispersion and demise in case of a mishap. The re-

sult is a reduction in the size of the areas at risk through-

out the reentry. The decrease in size comes with an in-

crease in risk itself to a point where safety mitigation 
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measures become necessary. Therefore, safety areas are 

necessary in a region in proximity to the landing site. If 

landing is planned in Europe, these safety areas might 

traverse multiple independent states. A unified interna-

tional decree, regulating launch and re-entry operations, 

would simplify gaining international approval and ensure 

acceptable residual risk for everyone. To serve as an 

overview of the way risks to the public are handled in 

different countries and sectors, current regulations for 

launch and re-entry operations in different countries are 

presented, as a first step. Followed by risk management 

policies for handling third-party risk in aviation and in 

industrial plants. 

Associated with defining what is considered accepta-

ble, the process of determining the risk also plays a vital 

role. While the basic principle is always the same, espe-

cially more detailed risk analysis can be performed in a 

variety of ways. As a result, larger variations in the risk 

itself may arise. Arguable more problematic are potential 

deviations of the location of high-risk areas. A way to 

prevent this from happening would be to add buffer zones. 

As the number of space operations is set to increase in the 

upcoming years as the commercial share of these, an 

emerging topic is the impact of such operations on other 

commercial industries like air and sea transportation. For 

an efficient integration of the new sector into the other 

ones, hazard areas that are closed for traffic need to be 

minimized, conflicting with unnecessary large buffer 

zones. A standard defining the approach of determining 

the risk associated with launch and re-entry operations, 

could define the concrete method and the necessary level 

of detail to minimize the hazard areas to an extend that 

safety is still ensured, while minimizing impact on air and 

sea traffic. 

The basic approach of determining the risk and also 

potential deviations sources in the risk analysis are pre-

sented in the next chapter. This is meant to show causes 

of deviations in risk analysis and therefore the need for a 

unified standard. After describing the basic risk assess-

ment and potential deviations sources, the utilization of 

the results of the risk assessment is addressed. To identify 

the need for safety measures, it is necessary to define 

what risk is considered acceptable. Different states and 

industries have different policies concerning acceptable 

risk. At first already existing risk policies for launch and 

reentry operations are presented, followed by policies in 

the arguably similar field of air traffic. As some European 

countries lack third party risk policies to this day on both 

of these topics, the way of handling risk of industrial 

plants with hazardous substances is described at the end. 

 

2. Hazard area determination 

Identification of hazard areas for the uninvolved pub-

lic associated with a launch or re-entry operation can be 

performed in multiple ways and with a large range 

regarding the level of detail. Nevertheless, the basic prin-

ciple is the same for all methods. 

A launch or re-entry operation poses a potential risk 

to people on the ground, to maritime and air traffic as 

well as infrastructure. To determine the size of a hazard 

area based on a risk assessment, the consequences of a 

mishap event first have to be specified [2]. For infrastruc-

ture the consequence of launch or reentry mishap can be 

critical damage, loss of functionality or simply recondi-

tioning costs. Regarding a risk to people, consequences 

are normally expressed in casualties or fatalities. The def-

inition for what is considered a casualty may vary, lead-

ing to potential deviations in the determined risk. Fur-

thermore, individual and collective, or societal, risk is 

differentiated. Individual risk describes the risk for a sin-

gle person or object in a specified location, while collec-

tive risk takes the number of people or objects into ac-

count [1]. Therefore, to assess collective, risk infor-

mation about the population or traffic density are neces-

sary. 

 

2.1 Basic procedure 

A risk assessment procedure for launch and reentry 

risk can be found in Advisory Circular 450.115-1A [3] 

released by the FAA. While the described assessment 

goes into detail, the necessary steps of a risk assessment 

can be derived and are recapped in this subsection. The 

basic steps are:  

• Identification of failure modes and nominal 

events 

• Characterization of the debris 

• Debris propagation to the ground 

• Determination of the debris impact areas 

• Determination of the risk 

 

Before performing a risk analysis, all potential failure 

modes have to be assessed and their effects described. 

These are then examined together with all nominal events. 

For each scenario, the resulting debris is propagated from 

its occurrence down to the ground. In case of the absences 

of any break-ups or explosions, this can also be only one 

piece of debris. The properties of the debris depend on 

the failure type, implemented flight safety measures and 

the launch or re-entry vehicle. The number of resulting 

debris particles also depends on these factors. Addition-

ally, the time and circumstances of a failure influence the 

debris. As the properties are highly influential on the de-

bris trajectory, depending on the type of failure consider-

able differences in the debris impact locations, and there-

fore of the hazard areas may arise. The impact location 

also depends on the present wind conditions, especially 

regarding debris particles with a smaller ballistic coeffi-

cient. The initial location and velocity influence the de-

bris trajectory as well. These two parameters form the 

state vector. The state vector depends on uncertainties 

and deviations of the launch trajectory itself. 
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The identified ground impact locations can then be 

utilized in two different ways. Either they are used to cal-

culate the impact probability at a variety of locations and 

then the risk, or areas are defined in which most of the 

debris will probably land. For both methods the debris 

distribution needs to be estimated, via assuming a distri-

bution type, applying methods like kernel density estima-

tion or classification in a histogram. 

In case a risk has to be assessed, the impact probabil-

ity has to be combined with the probability of the occur-

rence of the consequence for a hypothetically present per-

son at the impact location. In a simple analysis it can be 

assumed that a consequence occurs when a specified 

property is larger or equal to a specific threshold. An ex-

ample would be setting a minimum kinetic energy that a 

debris particle needs to have at the time of the impact to 

cause a casualty. A more detailed analysis would addi-

tionally take the impact location into account. This can 

be done for the human body, but also for vessels, aircrafts 

or infrastructure. For multiple debris objects being pre-

sent, which is normally the case, the overall risk for the 

scenario is calculated out of the single debris risk. 

When safety measures like aircraft or ship hazard ar-

eas are solely based on potential impact locations, the de-

termined distribution of the debris impact locations can 

be used to define an area expected to enclose most or all 

of the debris. Of course, this is also connected to a prob-

ability but not to a risk. 

The described procedure is repeated for all potential 

failure modes of the different launch or re-entry flight 

phases. The result of this process is conditional, with the 

condition being that the respective scenario occurs. In 

case of a nominal event this corresponds to the risk or 

hazard area of the event, as the probability that the event 

takes place in the nominal case is close to one. For non-

nominal events the probability of the event happening has 

to be considered. Combining the results of all potential 

events leads to the risk or the affected areas of the mis-

sion. In case of risk determination, the result is the indi-

vidual risk. Its contours can then be used to define 

high-risk areas or hazard areas. 

Consideration of the population or traffic density in 

combination with the individual risk results in the collec-

tive risk for the mission. 

 

2.2 Deviation causes 

First differences in the determination of hazard areas 

arise in the basic method used, risk based or not. When a 

risk-based approach is utilized, the type of consequence 

considered in the risk can vary. For example, the risk of 

fatality is always smaller than the risk of becoming min-

imum a casualty, as this includes fatalities as well. While 

the definition of a fatality is quite clear, what is consid-

ered a casualty has to be carefully defined. With respect 

to property, the regarded consequences can be even more 

manifold. 

The considered failure modes, their probability and 

implemented safety system should be independent of the 

launch and re-entry safety analysis as they only depend 

on the vehicle. The same holds for the respective debris 

catalogues, in which all resulting debris, its properties 

and associated uncertainties for a specific event are listed. 

Further differences arise through the used method of 

integrating state vector uncertainties into the calculations. 

This becomes especially a factor when the data provided 

by the operator is sparse. In the best-case scenario, the 

operator provides a state vector probability distribution 

for a set of time points along the trajectory as input for 

the launch and re-entry safety analysis. If that is not the 

case, the distribution has to be estimated or only bound-

ary trajectories are used. [4] 

In the debris propagation itself the forces taken into 

account may vary. The dominant ones are the gravity and 

the aerodynamic forces but especially in thinner layers of 

the atmosphere the influence of other forces on the debris 

trajectory increases, therefore potentially leading to con-

siderable impact deviations if neglected. The aerody-

namic forces depend, among other things, on wind and 

flow regime. In which detail both of these are considered 

in the debris propagation can also influence the risk. 

Generally, the debris impact location distribution is a 

key aspect in determining safety areas. To determine 

them a Monte-Carlo method can be used. While with 

enough single debris trajectories a high degree of accu-

racy is possible, utilizing Monte-Carlo methods is com-

putationally expensive. A simpler way would be to only 

propagate debris whose impact location is to be expected 

to be relevant to define a boundary of the hazard area. 

With this method it could be sufficient to only propagate 

four debris trajectories. One debris with small ballistic 

coefficient and a downfacing lift is used to define the 

boundary closest to the break-up location (Heel) and one 

with a high ballistic coefficient and no lift for the oppos-

ing boundary further downrange (Toe). Additionally, two 

debris, one for each side, are propagated to identify the 

lateral restrictions. The ballistic coefficient of those two 

are neither high nor low and a constant side facing lift is 

assumed. Derivation of an impact area with four debris 

trajectories is visualized in Fig. 1. [5] 

 

 
Fig. 1. Impact area based on four debris trajectories. [5] 

 

Depending on the criteria applied for defining hazard 

areas, it can already be enough to identify the potential 
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impact locations or impact area. When hazard areas are 

based on regions of containment or risk, an underlying 

probability distribution is necessary. As the distribution 

isn’t known, it has to be estimated. Simplifying it by as-

suming a multivariate normal distribution can lead to 

large parts of potential impact locations outside of the 

contour. The result would be a low probability, where the 

probability of debris impact in reality is relatively high 

and the other way around. 

When the hazard areas are risk based, additional de-

viations can arise by regarding the consequence of an im-

pact. As already mentioned above, the detail in assessing 

such a consequence can vary. A more detailed approach 

results in a potentially smaller risk at a specific location 

and not in a shift of risk. Therefore, a more detailed 

method mostly doesn’t result in an underestimation of the 

risk at some locations. Factors that possibly increases the 

risk at some locations are potential explosive debris or 

rolling, bouncing or sliding of debris. These effects lead 

to an increase in the hazard area or to a shift of the hazard 

area location. Similar effects may be observed for ships 

and on-water explosions in their surrounding area. [3] 

As described in this chapter, the approaches, assump-

tions made and the level of detail in assessing the third-

party risk of a launch and re-entry operation may vary. 

Nevertheless, it has to be assured that the resulting high-

risk areas are the same in location. Smaller differences 

can potentially be absorbed by an additional safety mar-

gin. Discrepancies in the location and shape of such areas 

have to be carefully addressed as this may lead to 

high-risk areas that are not adequately protected by risk 

management procedures. Underestimation of the real risk 

of a mission would be the consequence. While the way 

of determining the risk of a launch or reentry mission has 

been described, for implementing safety measures a def-

inition of what is considered acceptable is necessary. 

This is subject of the following chapters. 

 

3. Third-party risk management policies in launch 

and re-entry operations 

In some states, a set of regulations to ensure safety 

during launch and re-entry operations is already in place 

and applied. A few of these are presented below. At the 

end of the chapter current procedures of managing risk in 

space traffic management are introduced. 

 

3.1 United States 

To gain a launch and re-entry license in the United 

States an operator must take all measurements necessary 

to ensure, that the individual risk for the public to become 

a casualty is equal to or below 10-6 per mission. The same 

threshold holds for the probability of a casualty produc-

ing impact on an aircraft. Additional to the individual risk, 

the collective risk per mission limits the number of ex-

pected casualties to 10-4. To prevent large amounts of 

casualties resulting from a single event a conditional 

probability limit is set, stating that in the event of a failure 

the collective casualty risk needs to be equal or less than 

10-3. [6] 

While the above-mentioned license is granted by the 

FAA, there is another standard by the Range Command-

ers Council for U.S. ranges, including those of NASA [7]. 

The thresholds are basically the same as the FAAs, but 

also limits to the individual risk of fatality are introduced. 

These are one magnitude lower than the one for becom-

ing a casualty, and the collective risk of fatality, being 

one third of the one for casualty. Further, they defined a 

limit for the collective risk not only on a per mission basis, 

but also per year, being 3*10-3 for the expected casualties 

and 10-3 for the expected fatalities. Another difference to 

the approach of the FAA is the limitation set to prevent 

catastrophic events, which depends on the number of cas-

ualties resulting of such an event. Regarding risk to air-

crafts, the probability of an aircraft being hit with debris 

capable of producing a casualty is limited at 10-6, being 

the same as in the FAA regulation [8] 

 

3.2 France 

In France launch and re-entry operations underly the 

Space Operations Act, with more detailed regulations be-

ing specified in the Technical Regulation Concerning 

Space Operations Act. Therein, only risk thresholds for 

the collective risk are described, referring to the proba-

bility of causing at least one casualty. For launch and con-

trolled re-entry, the threshold for nominal events lies at 

10-7 and for the entire launch at 2*10-5. In the case of a 

reentry, each reentering component is looked at sepa-

rately and compared to the thresholds. In the event of an 

uncontrolled re-entry the threshold is reduced to 10-4, but 

there must be evidence that a controlled re-entry is not 

possible. This holds not only for re-entry vehicles but for 

all uncontrolled reentering space objects. The fall-back 

zones of planned debris are defined by the probability of 

containment of 99.999 %. An agreement with affected 

states has to be reached for the space operation to take 

place. Air and maritime traffic are to be informed about 

the 99 % probability zones and in the case of oil platforms 

or dense maritime traffic a more in-depth risk analysis 

has to be carried out. [9] 

 

3.3 UK 

In the United Kingdom the so called “as low as rea-

sonably practicable” (ALARP) principle is used for as-

suring safety. Thereby, the risk is divided into three sec-

tions, an unacceptable high-risk, a tolerable middle-risk 

and a broadly acceptable low-risk section. Broadly ac-

ceptable hereby means, that the risk is low enough to be 

considered a background risk compared to other risks in 

daily life. Therefore, no measures to decrease the risk fur-

ther are seen necessary. Unacceptable risk, as the name 

states, must be decreased to get a mission clearance. And 

in the middle section the afore mentioned ALARP 
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concept is applied. To help decide what is reasonably 

practicable, the UK Space Agency released principles 

and guidelines, describing what a regulator should con-

sider as ALARP in his evaluation. In this an individual 

risk lower than 10-6 is stated as broadly acceptable and 

larger than 10-4 as unacceptable. Both of these numbers 

are on a per year and not on a per mission basis. For the 

collective risk, the corresponding thresholds are 10-5 for 

the probability of 100 or more fatalities per year and a 

probability of 10-4 of one or more casualties per mission 

for the unacceptable region. The regions and thresholds 

are shown in Fig. 2, in which 2P stands for second parties, 

referring to people that are involved in the mission, and 

3P for third parties. [10] 

 

 
Fig. 2. Risk regions used by the British Civil Aviation 

Authority for valuation of a space operation. [10] 

 

3.4 Italy 

The focus of Italy lies within suborbital operations of 

spaceplanes. As they expect mainly U.S.-operators, they 

considered the regulations of the FAA in developing their 

own regulations [11]. On the side of the operator of a 

spaceport compliance with individual and collective risk 

thresholds inside the spaceplanes flight corridor is neces-

sary. The threshold for the collective risk is 2*10-5 per 

mission, referring to the mean number of casualties. For 

the individual casualty risk no quantitative threshold is 

specified, but it has to be insignificant compared to the 

average background risk associated with daily life. For 

the risk assessment a reference vehicle and reference op-

eration are used. Only vehicles represented by both, the 

reference vehicle and operation, are allowed to operate 

from the spaceport. [12] 

3.5 Sweden 

At the Esrange Space Center in Sweden, which is op-

erated by the Swedish space organization, public risk is 

handled by setting individual, 10-6, and collective, 

30*10-6, risk thresholds for casualties. The risk criteria 

are on a permission basis. The maximum allowed proba-

bility of hitting an aircraft is one magnitude lower than 

the threshold probability for becoming a casualty 

(0.1*10-6). Additionally, in the safety manual a probabil-

ity limit for an impact on protected property is set to 10-3. 

As the Range Safety Manual for the Goddard Space 

Flight Center was used as template for the first version of 

the Esrange Safety Manual, there is a resemblance be-

tween the risk criteria used and the ones in the U.S. [13]. 

This is not uncommon, as for example, Portugal directly 

refers to the public safety standards issued by the FAA 

for launch and re-entry operations. [14] 

 

3.6 New Zealand 

In New Zealand no specific risk thresholds are de-

fined. Instead they state that a license applicant has to 

take every reasonable step to ensure public safety. Fur-

ther they require a list of all relevant national and inter-

national safety standards used. A list of all potential risks, 

their likelihood and consequence is also necessary, along 

with geographical areas likely to be affected [15]. Further 

guidance for what is considered reasonable gives the as-

sociated safety case guideline. According to that, in the 

safety case special focus should be on the risks of major 

consequences. [16] 

 

3.7 Australia 

In Australia they, as in the UK, use the ALARP prin-

ciple. To perform a space operation a flight safety plan 

has to be submitted, in which the strategies and arrange-

ments to reduce the third-party risk to as low as reasona-

bly practicable must be included. The standard for the as-

sociated risk analysis as well as threshold values are then 

defined in the Flight Safety Code [17]. The collective 

casualty risk per mission is limited at 10-4 and the maxi-

mum allowable individual casualty risk at 10-6 per mis-

sion or on an annual basis to 10-5. Regarding aircrafts or 

assets with catastrophic potential the thresholds for the 

probability of impact by hazardous debris are the same as 

for the individual risk. Hazard areas for nominal debris 

are defined by a three standard deviation dispersion foot-

print around the nominal impact point. Of course, the 

above-mentioned safety standards need to be met as 

well. [18] 

 

3.8 Inter-agency Space Debris Coordination Committee 

(IADC) 

Another area of space operation concerned with pub-

lic risk is the topic of re-entry of a spacecraft as part of 

the Space Debris Mitigation Guidelines. The aim is to 

perform a controlled or uncontrolled re-entry of out-of-
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service spacecrafts. In doing so, a break up during re-en-

try is normally intended, resulting in the demise of all or 

most of the resulting debris. As some debris may reach 

the earth’s surface, a risk to the public arises from this 

space debris mitigation measure. The IADC provides 

guidelines to space debris mitigation in general. In these 

they strongly recommend that the expected number of 

casualties for the re-entry does not exceed 10-4. While 

this is only a recommendation and not binding, several 

other Agencies, which are part of the IADC, stipulate a 

risk of 10-4 as the upper risk boundary. This includes 

JAXA, ESA, NASA, the U.S. Government and national 

space agencies that signed the European Code of Conduct 

for Space Debris Mitigation, namely: ASI (Italy), BNSC 

(Great Britain), CNES (France), DLR (Germany) and 

again ESA. Other members of the IADC are the Peoples 

Republic of China, Canada, India, South Korea, Russia 

and the Ukraine. [19] 

 

4. Third-party risk management policies in air traf-

fic 

Aviation is possibly the most similar to launch and 

re-entry activities. Therefore, a comparison between 

these two transportation types is rather obvious, when 

trying to find guidance for risk management of launch 

and re-entry. While the safety standard in aviation is suf-

ficiently higher than in the current space industry, the fre-

quency of operation is so too. Additionally, it is im-

portant to note, that for comparison to the third-party risk 

of launch and re-entry operations not the rate of accidents 

per flight or flight hour, but rather the third-party risk of 

aviation is of interest. As stated previously, because of 

the high safety standards in aviation, third party risk is 

generally very low. Exceptions are regions with high 

amounts of air traffic, like in the vicinity of airports. An-

other factor that further increases the third-party risk in 

those regions is the fact, that most accidents happen dur-

ing the early or late stages of flight. In the last decade 

between 2011 and 2020, 13 % of all fatal accidents of 

commercial jet airplanes happened during takeoff or the 

initial climb and more than half of all fatal accidents, 

namely 54 %, during final approach and landing [20]. 

Combining these two factors of the high traffic volume 

and the flight phases with the highest risk near airports, 

led several countries to evaluate the third-party risk and 

take action, if they considered it to be unacceptable. As 

flight frequency has a huge influence on the risk, gener-

ally only larger airports undergo third-party risk analy-

sis [1]. 

 

4.1 Netherlands 

In the Netherlands, two third-party risk based re-

stricted areas for the Amsterdam Schiphol Airport are de-

fined based on the individual risk of becoming a fatality 

on an annual basis (Fig. 3). Restricted Area 1 is enclosed 

by the 10-5 risk contour, while Restricted Area 3 is 

enclosed by the 10-6 risk contour. Restricted Area 2 is not 

based on risk, and therefore not further considered in this 

paper. Construction of new houses, offices and industrial 

buildings is forbidden inside the first restricted area. Haz-

ardous industrial buildings aren’t allowed at all and, if 

wanted, existing houses are purchased and demolished. 

In the lower risk restricted area, the only new buildings 

allowed are these for small-scale business. Further devel-

opments in this area have to meet a societal risk criterion, 

depending on the size of the population at risk. [1] 

 

 
Fig. 3. Restricted Areas for the Amsterdam Schiphol Air-

port. The high-risk area (Restricted Area 1) is displayed 

in red and the lower risk area (Restricted Area 2) in 

blue. [1] 

 

4.2 Italy, UK and Ireland 

In other countries in Europe the overall approach of 

coping with increased third-party risks near aerodromes 

are quite similar to the approach of the Netherlands. Italy, 

for example, defines an extra high protection zone, where 

the individual risk exceeds 10-4. People are prohibited 

from constantly staying, for example residing, in this 

zone. In the zone with a risk between 10-5 and 10-6 the 

amount of people in planned new buildings is limited 

[21]. The United Kingdom used to define areas with iso-

curves of the individual risk [22], but recently changed it. 

The new approach is to define two triangular safety zones, 

a restricted zone (high-risk) and a control zone (low-risk), 

at the end of runways. Their baseline length is fixed and 

the height depends on the type of zone and is either fixed, 

in case of the high-risk zone, or a function of the amount 

of air traffic movements. Both zones and the runway are 

visualized in Fig. 4. In the restricted area all residential 

and all-day workplaces should be emptied. Generally, 
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there should be no increase, rather a decrease, in the num-

ber of people that spent a considerable amount of time in 

one of the zones [23]. In Ireland the concept of public 

safety zones is established too, but with individual risk 

isocurves. They’re using the same risk thresholds for 

their zones as the Netherlands. One difference is, that 

housing developments are still allowed in the outer 

area. [24] 

 

 
Fig. 4. Definition of the Public Safety Zones in the United 

Kingdom. [23] 

 

4.3 Australia and United States 

Australia adopted the former approach of the United 

Kingdom in their guideline on Public Safety Areas. Two 

areas are defined by the 10-4 and the 10-5 individual an-

nual fatality risk iso-curves. The restrictions on new de-

velopments in both of these areas were also adopted [25]. 

In the United States setting up a trapezoidal area to pro-

tect people and property on the ground is advised. There 

is only one zone, which they call runway protection zone.  

Land use in this zone is restricted and its dimensions de-

pend on the approach category and the approach visibility 

minimum or the departure procedures. [26] 

 

5. Third party risk management policies in other in-

dustries 

Another risk to the uninvolved public arises through 

industrial plants handling larger quantities of substances 

which are classified as hazardous. For such developments 

the European Union issued a directive to prevent acci-

dents with disastrous consequences for third parties. 

While the member states are obliged to regulate such ac-

tivities in agreement with the issued directive, the ap-

proach for assuring safety for uninvolved and therefore 

managing the third-party risk associated with such indus-

trial plants may differ from state to state [27]. European 

member states without third-party risk regulation of 

launch and re-entry operations or aviation, are obliged to 

implement a risk management policy for such industrial 

developments. These policies give an impression of how 

third-party risk is handled and how some nations poten-

tially approach the topic of third-party risk in other sec-

tors in the future. 

The EU directive is also called “Seveso”, as the 

chemical accident in the 1970s in the Italian town of Se-

veso is one of the reasons that the need for regulating 

such industries became obvious [28]. The Seveso di-

rective obliges EU member states to implement adequate 

safety distances in their land use planning around such 

developments, but it does not define any implementation 

methods. Therefore, the states can use different ap-

proaches to comply with the requirement. These ap-

proaches can be basically divided into a deterministic and 

a probabilistic one. [29] 

 

5.1 Deterministic Approach 

In Germany the deterministic approach is applied to 

separate hazardous industrial plants and areas in need of 

protection, as, for example, housing areas. The German 

state published a guideline to help its communities with 

the authorization procedures. For new industrial develop-

ments or extensions of already existing ones, a set of rec-

ommendations for the minimum separation distance was 

developed. With many details of the new development 

often missing, it offers a simple way of assessing the sit-

uation solely based on the hazardous substances and their 

amount expected to be present on the industrial side. In 

case of developments in the surrounding areas, a more 

detailed hazard assessment is necessary to evaluate the 

required safety distance. In this case, implemented safety 

measures of the industrial plant are considered and a kind 

of worst-case-scenario is defined. It is used to calculate 

the distance necessary to ensure safety. Physical thresh-

olds are set, which are used to differentiate the hazard 

into levels of effect, which can then be used to create haz-

ard areas. [30] 

The approach in Italy is similar to the one Germany 

uses for the assessment of land use planning surrounding 

industrial plants. In the Netherlands and Spain, they com-

bine such an approach with the individual risk associated 

with the presence of an industrial development. [31] 

 

5.2 Probabilistic Approach 

The UK solely applies a risk-based method. By using 

the individual risk of being exposed to a minimum dan-

gerous dose, three areas are defined. The risk thresholds 

for these areas are 10-5, 10-6 and 3*10-7 per year. In the 

high-risk zone only factories are advised, in the middle 

zone housing is also advised and in the low-risk area ba-

sically no restrictions on development are necessary, only 

ones with respect to large amounts of people. It is gener-

ally recommended to refrain from such developments in 

all three zones. The general land use-planning in the UK 

is based on the ALARP principle. [32] 

France implemented, as the UK, a risk-based ap-

proach for regulating land use planning in the vicinity of 

industrial plants. It is based on level of effects, the num-

ber of people affected and the probability of the event. 

The severity is divided into the level of effects using 
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physical thresholds, for example for thermal radiation or 

overpressure. Using the level of effects and the amount 

of people exposed to it, the so-called gravity of a scenario 

can be assessed. The gravity and the probability of the 

event are then combined in a risk matrix, which is used 

to define an acceptable region, a region of ALARP and 

an unacceptable region. This is done for a set of potential 

scenarios and the results of all scenarios are then com-

bined to determine the overall risk. The cumulative risk 

of all scenarios and the level of effects are used to cate-

gorize the risk into a level of hazard, on which the land 

use plan depends. At lower levels of hazard the land use 

planning differs between the hazard source, ergo between 

thermal and toxic effects and overpressure. [33] 

 

6. Discussion and Conclusion 

Comparing the gathered policies, similarities but 

also larger differences can be observed. While the de-

fined risk thresholds for launch and re-entry operations 

differ, all presented existing regulations for such opera-

tions include a risk-based approach to ensure public 

safety. In some countries, both individual and collective 

risks are limited, in others only one of both is used. An 

example are the French regulations, only defining a col-

lective risk limit and using percentage of containment in-

stead of individual risk to define nominal hazard areas. 

With the exception of New Zealand all presented regula-

tions and associated guidelines include quantitative risk 

thresholds, which slightly differ. In New Zealand no spe-

cific risk threshold is set, but it is referred to the ALARP-

principle. In Italy a risk threshold for the collective risk 

is set, while the individual risk must be significantly 

lower than the background risk of daily activities. How-

ever, no value for the background risk is included in the 

regulation. 

Comparing the individual risk values, nearly all reg-

ulations share the risk threshold of 10-6 per mission for 

becoming a casualty. Exceptions are France, where indi-

vidual risk isn’t considered, and Italy with comparing the 

individual risk to the background risk. The UK uses the 

same threshold on a per year basis. The threshold value 

for the collective risk differs a little bit more. For exam-

ple, the threshold in the U.S. or Australia is around three 

times higher than the one in Sweden. The reference of the 

collective risk variates too. The threshold of France is for 

the risk of at least one casualty. The UK refers, for the 

broadly acceptable region, to the risk of at least 100 fa-

talities per year. The collective risk threshold in the U.S. 

refers to expected casualties, but the catastrophic poten-

tial of a single event is limited by an additional threshold. 

The threshold values of the different states for the indi-

vidual and the collective risk can be found in Table 1. 

A to launch and re-entry operations comparable 

third-party risk can be found in aviation, when looking at 

the areas in the vicinity of airports. An otherwise ne-

glectable third party risk has to be considered in these 

areas. Therefore, several countries implemented plans to 

regulate developments near runways as well as the popu-

lation density and the people exposed to the increased 

risks. As in existing launch and re-entry safety regula-

tions, the approach differs. Some countries, like the Neth-

erlands, implemented a method based on individual and 

collective risk, while others only use individual risk. The 

United Kingdom recently changed its procedure from a 

risk-based approach to predefined dimensions of the ar-

eas depending on the amount of air traffic movements at 

an airport. An important difference to launch and re-entry 

operations is, that in most cases, there is no risk to any 

infrastructure or population of other countries. Meaning, 

if a country decides to not implement any public safety 

measures regarding third party risks near airports, there 

are no negative effects on neighboring countries. The 

same holds for the case when a risk is considered, but the 

methods to determine it depend on the state. This could 

lead to potential differences in the areas considered nec-

essary for public safety. As described earlier, it is mostly 

only of national interest and hence such potential con-

flicts do not arise. 

 

Table 1. Individual and collective casualty risk thresholds 

for launch and re-entry operations in different states per 

mission (pM) or per annum (pA). The collective risk re-

fers either to the risk of at least one casualty (>=1), the 

risk of at least 100 casualties (>=100) or the expected cas-

ualties (mean). 

 Threshold for 

the individual 

casualty risk 

Threshold for the 

collective casualty 

risk 

US 10-6 pM 10-4 pM (mean) 

France - 2*10-5 pM (>= 1) 

UK (Broadly 

Acceptable) 

10-6 pA 10-5 pA (>= 100 fa-

talities) 

Italy Background 

Risk pA 

2*10-5 pM (mean) 

Sweden 10-6 pM 30*10-6 pM (mean) 

Australia 10-6 pM 10-4 pM 

 

Another sector that poses a risk to the uninvolved 

public are industrial plants handling hazardous chemicals. 

To ensure safety for surrounding areas, the EU has issued 

a binding directive, but the approach to agreeing with it 

is up to the countries. Some countries, like Germany, im-

plemented a deterministic approach with fixed distances 

and some worst-case-scenarios. Other countries are using 

more risk-based approaches like France. The Netherlands 

switched from a purely risk-based approach to a combi-

nation, to increase the public’s understanding for the risk 

management measures [31]. The joint aim is to regulate 

land use near hazardous industrial plants to prevent acci-

dents with considerable health effects on the population. 

All three sectors, launch and re-entry operations, avi-

ation and hazardous industrial plants pose a risk to 
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uninvolved. As the risks can be unacceptably high, risk 

mitigation is necessary, often achieved by defining regu-

lated or even keep-out areas. The definition of what is 

considered unacceptable can vary from country to coun-

try. While in existing launch and re-entry safety regula-

tions a risk or probability approach is used, especially in 

the national methods to implement the Seveso directive 

some countries utilize a deterministic approach. Regard-

ing third party risks near airports, the UK recently 

switched its method from a probabilistic to a determinis-

tic approach. 

Comparing risk policies of different industrial sec-

tors within a state, the approaches can vary. While the 

UK implemented risk-based approaches for space opera-

tions and Seveso activities, they switched to a determin-

istic approach for defining safety zones around airports. 

Italy on the other hand, ensures safety of the public due 

to launch or re-entry operations or near airports by defin-

ing areas where the risk is too high. For their industrial 

installations such areas are deterministic. And also, in the 

U.S. the policy to ensure third-party safety differs be-

tween aviation and launch and re-entry operations. 

Therefore, a deterministic risk policy of a state in one 

field, does not necessarily mean the policy has to be de-

terministic in another field. 

The difference between third-party risk in the vicin-

ity of airports and industrial plants and the one by launch 

and re-entry risk is, that the first ones normally pose a 

risk to the own population. Only in rare cases near a bor-

der, populations in other countries may be at risk. Launch 

and re-entry operations, on the other hand, surpass large 

distance and overfly multiple countries in a single mis-

sion and therefore putting the population of these at risk. 

Hence, launch and re-entry operations have to cope with 

the relevant regulations of the launch location, the state 

of the launch operator and states potentially affected. 

Otherwise, international relations can be negatively in-

fluenced. To reach agreements with affected states it 

needs to be shown that the implemented safety measures 

and the risk analysis comply with the national regulations. 

An international agreed decree would help to make the 

process of licensing more efficient and prevent possible 

conflicts in case of an accident, while assuring and po-

tentially even increasing safety. Additionally, operating 

a launch or re-entry vehicle from multiple international 

sites would be simplified. The challenge is of course, to 

bring together the different risk management policies. A 

positive example for international unification is the 

guideline for space mitigation issued by the IADC, defin-

ing a risk threshold for reentering space objects. While 

the guideline itself is not binding, several other states im-

plemented the same value in their regulation. 

Further, for an international harmonized regulation 

to serve its purpose, the way to determine hazardous ar-

eas should be international standardized. As described, 

there are multiple possibilities to perform such an 

analysis which may lead to different results, both in loca-

tion and risk-value. Considering the expected increase in 

such operations, it becomes more and more important to 

minimize the impact on other modes of transport like 

maritime and air traffic. One way to do so is to perform 

more detailed analysis with smaller safety margins, 

which then results in smaller hazard areas that have to be 

closed for traffic. As these areas and safety margins de-

crease in size, small differences in determining them are 

becoming an important factor. Therefore, in addition to 

an international regulation of launch and re-entry opera-

tions, a standard for determining the associated hazard 

areas is suggested. Such a standard would enable effi-

cient integration of space transportation into air and mar-

itime traffic operations. 
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