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 Legal Notices 
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this document, including, but not limited to, the implied warranties of merchantability and 
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Executive Summary 
This report documents the specification of the model chains that link the modelling of 
individual activity-travel patterns to exposure. In addition, the background and approach of 
the activity-based model itself (Albatross) is described. Uncertainty pertains to input 
uncertainty and model uncertainty. To illustrate UncertWeb, input uncertainty is confined to 
uncertain travel times, uncertain data with respect to attractiveness of locations and 
uncertainty of synthesizing population. Model uncertainty relates to the fact that Albatross 
used probabilistic assignment rules in the activation of decision tables, which make up the 
model system.  

In order to demonstrate how the Albatross model is integrated in the UncertWeb 
infrastructure, two Web Processing Services (WPS) are defined that provide the functionality 
of Albatross in the Web. In order to assess the uncertainty, two methods are chosen. In the 
first approach, uncertain inputs to the whole chain are sampled before executing the chain and 
the whole chain is then run several times for each sample of an uncertain input. In the second 
approach, the loop of executing the service several times and assessing the uncertainty is 
provided by the Web Service interface.  
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1 Introduction 

1.1 General overview 

WP7 provides a test bed for the methods and core technology being developed in WP1-3. The 
core model here is Albatross (A Learning Based Transportation Oriented Simulation System). 
This model has been developed by TUE for the Dutch Ministry of Transportation. It simulates 
activity-travel patterns of individuals in time and space at high resolution. The output of 
Albatross could be in different forms: detailed schedule of individuals during a day or 
alternatively travel characteristics of people in more aggregate levels such as matrix of trips 
between origin and destinations, average distance, time, duration etc, travelled by different 
groups of people with different socio-economic characteristics. The more detailed explanation 
of the Albatross model is provided in Section 2. The case study in Uncertweb is Rotterdam, 
the second largest city of the Netherlands. 
 
Albatross is prone to different kinds of uncertainty. The first source of uncertainty could be 
named as input uncertainty arising from different causes, from sampling bias to variability in 
land-use and transportation data incorporated in Albatross as an input. The second source of 
uncertainty is in the model process itself, called model uncertainty. The fact is Albatross uses 
probability action assignment and Monte-Carlo simulation for choosing the action state of 
each individual. The potential sources of uncertainty in Albatross are explained in detail in 
Section 3. 
 
In order to deploy the Albatross model in UncertWeb, two Web service interfaces for the 
Albatross model have been identified. First, a Web service is providing the functionality to 
create a synthetic population from household samples. Second, another Web service is 
providing the interface to execute the actual Albatross model. For both services, profiles of 
the Web Processing Service (WPS) (Schut 2007) have been defined, as the WPS provides the 
common Web service interface for integrating processing functionality in spatial data 
infrastructures and is also supported by the main orchestration component of the UncertWeb 
project (UncertWeb Consortium 2011a). 
 

1.2 Definitions 

In order to ensure that a standard set of terms is used throughout this document, the following 
definitions are adhered to. 

Model web / Model chain: a chain of model components connected through web service 
interfaces. 

Model component: a representation of a process or series of processes implemented as 
computer code, often called a simulator. 

Model input: a value, or series of values (if a field), that must be provided to the model 
component to evaluate the model (likely to include parameters in the model 
component, and initial and boundary conditions for the model component). 

Model output: a value, or series of values (if a field), that is produced by the model when it 
is evaluated. 
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1.3 Abbreviations 

4PCA: 4position post code area 

Albatross: A Learning Based Transportation Oriented Simulation System 

BTM: Bus, Tram, Metro 

CHAID: Chi-squared Automatic Interaction Detector 

DT: Decision Tree 

IPF: Iteratively Proportional Fitting  

LISA: Landelijk Informatie Systeem Arbeidsorganisatie (national employment database) 

LMS: Landelijk (Nationwide) Model system 

NRM: Natural Resource Management 

MON: MobiliteitsOnderzoek Netherland 

TUE: Eindhoven University of Technology 

O&M: Observations & Measurements 

U-O&M: UncertWeb Observations & Measurements 

PCA: Post Code Area 

UncertML: Uncertainty Markup Language 

UPS: Uncertainty Proxy Service 

UTS: Uncertainty Transformation Service 

WPS: Web Processing Service 
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2 Main characteristics of Albatross 

2.1 Architecture of the system 

Albatross, acronym for A Learning Based Transportation Oriented Simulation System, was 
developed for the Dutch Ministry of Transportation, who decided to develop an activity-based 
model alongside their state-of-the-art tour- based model LMS. Albatross uses a sequential 
decision process to generate daily activity schedules of individuals in the context of a 
household. Generated activity schedules describe for a given day which activities are 
conducted, when (start time), for how long (duration), where (location), with whom, and, if 
travelling is involved, the transport mode used and chaining of trips. 
 
Albatross consists of various components that perform specialized functions in the scheduling 
and schedule execution process. Figure 1 portrays the different parts of system. A formal 
description of the components will be provided in the following sections. 
 

2.1.1 The Scheduling Engine 
The core component of the system is the Scheduling Engine. This component controls the 
scheduling process in terms of a sequence steps. Various moments in the process require 
decisions and information about options and conditions for decisions. The scheduling Engine 
identifies which condition information is relevant for the Decision Unit, activates the 
appropriate analytical and rule-based models in the Inference System to obtain the 
information, and translates decisions returned by the Decision Unit to appropriate operations 
on the evolving schedule. The scheduling engine uses functional specification of both 
Inference System and the Decision Unit but doesn’t need to know how inference and decision 
functions are defined.  
 
Figure 2 shows in main lines the structure of the assumed scheduling process. As the scheme 
shows, Albatross uses a priority-based scheduling process where mandatory activities are 
scheduled first and discretionary activities are scheduled next. Furthermore, timing and trip-
chaining decisions have priority over location decisions and location decisions in turn have 
priority over transport mode decisions. Albatross uses a relatively detailed classification of 
out-of-home activities (Table 1), whereas in-home activities are not further differentiated. A 
day and a household is the unit of prediction in the Albatross model. Activities are scheduled 
on a continuous time scale and temporal constraints are respected in the sense that the sum of 
durations across activity and travel episodes of a same person equals 24 hours and no overlaps 
and gaps between consecutive episodes can occur. Timing and duration decisions are 
modelled as continuous choices, at least for fixed activities. For flexible activities discrete 
duration classes and a subdivision of the day in episodes are used. To the extent that some 
flexibility is left given trip- chaining decisions and space-time constraints, the exact start time 
of a flexible activity within a chosen episode of the day is set randomly. 
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Figure 1: Architecture of the system 
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Figure 2: Main steps in the scheduling process 

 
Table 1: Classification of out-of-home activities in Albatross 

 Out of home activities 
1 Work 
2 Business 
3 Bring or get 
4 Shop one store 
5 Shop multiple stores 
6 Service 
7 Social 
8 Leisure 
9 Touring 

 

2.1.2 The Decision Unit 
The Decision Unit incorporates for each step in the scheduling process a set of decision rules 
representing conditional preferences of individuals within constraints regarding decision 
option. An inference engine, which selects and applies the appropriate rules to arrive at a 
decision upon a query of Scheduling Engine is built-in. We emphasize that only the (possibly) 
relevant condition variables and decision options are defined in the program code of the 
system. The rules connecting condition variables and decision options are external to the 
system and loaded from data files. This means that users have the possibility to use 
application-dependent rule-bases. A rule-base is the output of the second fixed component of 
the Decision Unit referred to as the Learning Mechanism. As the name suggests, this 
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component derives rules from data based on principle of inductive (i.e., supervised) learning. 
Although in the present system the component is applied in a pre-processing stage external to 
the system. In this process a set of decision trees for making scheduling decisions is extracted 
from data. In the following section the procedure aimed at getting decision rules would be 
explained.   
 

2.1.2.1 Decision Trees and Decision Rules  
The rule-based approach underpinning the concept of decision tree is based on the theory that 
human decision making, in case of repetitive choice behavior and large solution spaces, relies 
on heuristics, which are formed and continuously updated based on experiences, rather than 
on exhaustive evaluation of solutions. Choice behavior that emerges from learning is driven 
by individual dependent condition-action rules. In general format, a condition-action rule can 
be described as: 
 

 if C1 ∈ CS1k ∧ C2 ∈ CS2k ∧  .... ∧ Cm ∈ CSmk then choose alternative Ak        (1) 
 

where Ci represents condition variables, CSik the condition state of the i-th variable in the k-th 
rule and Ak the choice generated by the k-th rule. In this notation, a condition state is 
represented as a subset of the domain of the condition variable. If the condition variable is of 
a nominal measurement scale, then it may specify any subset of the domain. In the case of an 
ordinal or metric variable, on the other hand, the condition state specifies a certain subrange 
of the variable’s domain. 
 
To make sure that a rule set is able to respond to every situation, it must meet requirements of 
completeness and consistency. A model is considered complete if at least one rule responds 
and consistent if no more than one rule responds to every possible combination of values of 
condition variables Ci. These properties are guaranteed by the way the learning mechanism 
operates in the model. Consider an initial situation where the individual has no a-priori 
knowledge of the domain. Decision-making would be purely random and handled by a single 
‘rule’: 

 
 if C1 ∈ CD1 ∧ C2 ∈ CD2 ∧  .... ∧ Cm ∈ CDm then choose random         (2) 
 

where CDi represents the domain of condition variable Ci. Since every ‘condition state’ in this 
rule equals the entire domain, each variable in effect is irrelevant. Therefore, every possible 
state in terms of Ci will trigger the rule implying that the model meets the requirements of 
completeness and consistency. Now assume that through interaction with the environment the 
individual has learned to discriminate between states on some condition variable. This can be 
represented by splitting the domain of that variable into two states so that the initial rule is 
replaced by two new rules: 

 
 if C1 ∈ CD1 ∧ C2 ∈ CD2 ∧  .....∧ Cj ∈ CSj1 ∧….  ∧ Cm ∈ CDm then choose A1  (3) 
 if C1 ∈ CD1 ∧ C2 ∈ CD2 ∧  .....∧ Cj ∈ CSj2 ∧….  ∧ Cm ∈ CDm then choose A2  (4) 
 

Because the new condition states were achieved by splitting a domain, CSj1 ∪ CSj2 = CDj and 
CSj1 ∩ CSj2 = ∅ and, hence, the new model still meets properties of completeness and 
consistency. This process of splitting could be repeated endlessly resulting in increasingly 
complex models while maintaining the required properties. Any set of rules that can be 
obtained by recursively splitting condition states starting with an initial rule of above format  
meets the formal definition of a decision tree as formulated by Safavian and Landgrebe 
(1991) and vice versa. 
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The decision trees used in Albatross are empirically derived from choice observations in 
activity diary data using a CHAID-based induction method. The aim of this method is to find 
the smallest tree that best explains a sample of choice observations by a process of recursively 
splitting the sample on attribute variables. A Chi-square based test of significance is used to 
identify in each cycle of the process the best possible way of (further) splitting across 
available attribute variables. The same tree construction process is also used when the choice 
variable is a continuous variable (i.e., start time and duration choices). Then, an F-statistic is 
used to evaluate possible ways of splitting. To make sure that non-systematic variance is 
reproduced in predictions, Albatross uses a probabilistic action assignment rule and Monte 
Carlo simulation to generate decisions. In Albatross, attribute variables used for each decision 
relate to the individual, the household, the space-time setting, the current state of the schedule 
(also the one of the partner, if any) and choice alternatives. This means that decision trees 
represent segmentations in terms of socio-economic variables and space-time setting variables 
simultaneously with decision rules used within these segments.  
 
The data used for obtaining decision trees in the version of Albatross we currently use in 
Uncertweb project are from a travel-survey in 2004 named MON (MobiliteitsOnderzoek 
Netherland). This national travel survey data set involves 45000 individuals. 
 
Having derived a decision tree for each choice facet, the next question becomes how to derive 
decisions from trees for prediction. Consider a response variable that has Q levels and for 
which CHAID produced a tree with K leaf nodes. In the prediction stage, the tree is used to 
classify new cases to one of the K leaf nodes based on attributes of the case. A response-
assignment rule needs to be specified that defines a response (decision) for each classified 
case. In many applications, a plurality rule is used. This rule assigns the modal response 
among training cases (i.e., the sample used for developing the tree) at a leaf node. A 
deterministic rule like this may yield the best predictions at an individual level, but fails to 
reproduce residual variance (if any) at leaf nodes in predictions. Given our modeling purpose, 
we, therefore, use a probabilistic assignment rule instead. According to this rule, the 
probability of selecting the q-th response for each new case assigned to the k-th node is 
simply given by: 

 

 
k

kq

kq N

f
p =                 (5) 

 
where fkq is the number of training cases of category q at leaf node k and Nk is the total 
number of training cases at that node. This rule is sensitive to residual variance, but fails to 
take scheduling constraints into account. Scheduling constraints entail that dependent on 
individual attributes and the state of the current schedule some choice alternatives for the 
decision at hand may be infeasible. If such constraints are represented in the decision tree, the 
probabilistic rule would assign zero probability to infeasible categories and the response 
distribution should not be biased. However, even though it is likely, it is not guaranteed that 
the induction method discovers constraint rules in data. Therefore, to cover the general case 
we need to refine rule (5) as: 
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where q’ is an index of feasible alternatives for the decision at hand. Even though this rule 
may work well in practice, it may produce slightly biased patterns at an aggregate level that  
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group - 1,2 3 - - - - - - - 
Csec 0,3 1,2 1,2 - - - - - - - 
Ccomp - - - - - - - - - - 
Gend - - - - - - - - - - 
Ncar 1 1 1 1 1 1 1 1 1 1 
Two - - - - - - - - - - 
Pnsec - - - - - - - - - - 
Tbike 1 1 1 2-3 2-3 2-3 2-3 4 4 4 
Rcabi - - - - 1 2-4 - - - - 
Rpubi - - - - - - - - - - 
Rpuca - - - 1-2 3-4 3-4 3-4 1-3 1-3 4 
Pybget - - - - 0 0 1 0 1 - 
                      

           
Slow 0.69 0.48 0.79 0.46 0.14 0.40 0.53 0.00 0.11 0.3 
Car driv 0.00 0.52 0.14 0.27 0.82 0.55 0.26 0.87 0.63 0.7 
Car pass 0.00 0.00 0.03 0.05 0.05 0.03 0.21 0.12 0.26 0.00 
Public 0.31 0.00 0.03 0.23 0.00 0.03 0.00 0.01 0.00 0.00 
N 16 27 29 22 44 73 19 75 19 20 

Figure 3: Sample of a Decision Tree 
 

should be noted. That is to say, the rule tends to over predict responses that are feasible in the 
majority of cases (at that leaf node), because the probability of these responses is increased by 
rule (6) in constrained cases and stays the same as (5) in unconstrained cases. Figure 3 
displays a sample of Decision Tree for deciding about transport mode used for travelling. 
Condition variables are listed at top-left of the table. Descriptions of them are presented in 
Table 2. 
 
Based on Table 2, we could interpret the above decision table. The first column could be 
described as: The number of cases (individuals) falls within this column is 16. If the socio-
economic class of individual is in the group of 0 or 3 (below modal or two times the modal) 
and there is one car in the household and travel time by bike to the location to which the 
transport mode is decided less than 10 minutes, then the probability of choosing slow mode 
by person is 69 percent and the probability of choosing public as transport mode is 31 percent. 
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Table 2: Sample of a Decision Tree 

Condition 
variable 

Definition  
Levels 

0 1 2 3 4 

group Partner Status  No partner 
Partner schedule 
unknown 

Schedule 
partner known  

Csec Socio-economic class 
Below 
modal 

Modal 
More than 
modal less than 
two times modal 

Two times 
modal or more  

Ccomp Household 
composition 

Single, 
0worker 

Single, one 
worker 

Double, one 
worker 

Double, two 
workers 

Double, 
0worker 

Gender 
Gender of 
individual 

Male Female    

Ncar # of cars in household No cars 1car 
2 or more 
cars 

  

Two 
Total duration of 
work-school activity 
in S (min) 

<0,385] <385,490] <490,525] <525,560] >560 

Pnsec 

# of fixed out of 
home activities other 
than work in S of 
partner 

0 1 2 3-4 4-5 

Tbike 
Objective travel time 
by bike to location of 
W (min) 

<0,10] <10,20] <20,30] <30,50> >50 

Rcabi Ratio car/bike travel 
time in %  <0,25] <25,50] <50,75] >75 

Rpubi Ration public/bike 
travel time in %  <0,100] <100,150] <150,200] >200 

Rpuca Ration public/car 
travel time in %  <0,300] <300,500] <500,700] >700 

Pybget 
There is a bring/get 
activity in S of 
partner during W 

No Yes    

S: Schedule, W: Chain of activity episodes for which transport mode is selected 
 

2.1.3 Inference System 
To derive information about possibly relevant conditions, the Inference System consists of a 
collection of built-in analytical and logic-based models representing basic knowledge about 
scheduling constraints. Unlike the decision rules, the inference model base is a fixed part of 
the system reflecting the assumption that the knowledge it conveys is basic and does not vary 
across individuals or environments. In particular, the incorporated models implement dynamic 
constraints to determine the availability of decision options in each step of the process, such 
as for example whether or not an activity fits in a given time slot given required travel times, 
minimum duration of the activity, possible locations for the activity, opening hours of 
facilities and so on. Information flows between the Inference System and Decision Unit pass 
through and controlled by the Scheduling Engine. Hence, both the Decision Unit and 
Inference System do not need scheduling-process knowledge. The following section describes 
different types of constraint which Albatross takes into account in the scheduling process by 
the Inference System. 
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(1) situational constraints impose that a person, transport mode and other schedule 
resources cannot be at different locations at the same time. 
 

(2) institutional constraints, such as opening hours, influence the earliest and latest 
possible times to implement a particular activity.  
 

(3) household constraints, such as bringing children to school, dictate when particular 
activities need to be performed and others cannot be performed.  
 

(4) spatial constraints also have an impact in the sense that either particular activities 
cannot be performed at particular locations, or individuals have incomplete or incorrect 
information about the opportunities that particular locations may offer.  
 

(5) time constraints limit the number of feasible activity patterns in the sense that 
activities do require some minimum duration and both the total amount of time and the 
amount of time for discretionary activities is limited.  
 

(6) spatial-temporal constraints are critical in the sense that the specific interaction 
between an individual’s activity program, the individual’s cognitive space, the 
institutional context and the transportation environment may imply that an individual 
cannot be at a particular location at the right time to conduct a particular activity. 
  

The implementation of situational, household and temporal constraints is straightforward. So 
here an example of spatial-temporal constraint determining location choices is explained: A 
location l is considered feasible if the following two conditions are met: 

 
 ∃g ∈ Gl, g ∈ G{  a(τ) }                       (7) 
 

 )()()( minminmax τττ vTT s
l

f
l gg

≥−                            (8) 

 
where, τ is an index of activities in a given schedule S, Gl is the set of known facility types at 
location l, G{  a(τ) } is the set of facilities compatible with activities of type a(τ), )(min τv  is 

the minimum duration and mins
l g

T  and maxf
lg

T define the time window for the activity 

dependent on the current schedule and opening hours of facilities. The latter terms are 
formally defined as: 

 

 )}()1(,max{)( minminmax τττ t
l

f
ld

f
l tTtT

gg
+−=                         (9) 

 
)}1()1(,min{)( maxmaxmin +−+= τττ t

l
s

ld
s

l tTtT
gg                                                    (10) 

  

where, min
gld t and max

gld t are the known opening and closing times of facilities of type g at 

location l on day d, minfT  is the earliest end time and maxsT  the latest start time of the 

previous and next activity respectively and t
lt is travel time to the activity location using the 

mode chosen in a previous step. Earliest start times and latest end times of activities are 
calculated by shifting previous activities as far as possible to the right on the time scale and 
next activities as far as possible to the left within temporal constraints. 
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2.1.4 Data base 
As Figure 1 portrays the data base consists of two layers. The first layer stores schedule                                          
information by household and day of the week. Entries for three sets are available. The 
observed set allows the system to evaluate the goodness-of-fit of schedules generated by the 
Scheduling Engine under zero scenario conditions. The second set provides the related 
household-specific static constraints that are input to the scheduling engine. The constraints 
generally include choice-sets, allowed time ranges, etc. defining the choice options for 
scheduling decisions. Dependent on the application, this information may also be generated 
by a simulation model in a pre-processing stage or modified by the built-in simulator or 
Scenario-Agent during run-time. Finally, the third entry stores schedules, generated by the 
scheduling engine. 
 
The second layer includes information about the study area in terms of attributes of 
populations of households, the land use patterns and transportation system. The land use 
system is described in terms of opening hours, number of employees in different activities in 
different locations. Transport system includes distance and travel time. The following sections 
describe each of these three components in more details. 

2.1.4.1 Household Attributes 
Household attributes in terms of situational and socio-demographic variables are used as 
condition variables for segmentation of population in decision trees Table 3 summarizes these 
attributes. 
 

Table 3: Socio-economic and situational attributes 

Label Definition Levels 
Urb Urban density 0:highest density, 4:lowest density 

Day Day of the week 1:Monday, 7:Sunday                                                                                                           

Comp Household composition 0: Single, 0worker,1: Single, one worker, 2: Double, one 
worker, 3: Double, two workers, 4: Double, 0worker 

Child Children category 0:No children, 1:Younger 6, 2: 6-12, 3:Older 12 

Age Age category 0:<25, 1: 25-44, 2: 45-64, 4: >64 

SEC Socio-economic class 0: Below modal, 1: Modal, 2: More than modal less than 
two times modal, 3: Two times modal or more 

Ncars # of cars in household 0: No car, 1: 1car, 2: 2 or more cars 

Driver Individual has driving license 0: is not a driver, 1: is driver 

Gend Gender of individual 0: Male, 1: Female 

Wstat Work status of individual 0: No work, 1: <32hour week, 2: 32hours or more week 

Pwstat Work status of partner 0: No work, 1: <32hour week, 2: 32hours or more week 

 
If Albatross needs to be applied to a new area, a first requirement is that the population of that 
area needs to be forecast. In Albatross, IPF (Iteratively Proportional Fitting) method is used to 
generate a sample consistent with known statistics of a target population. In IPF, the sample 
defines an initial frequency cross table of all attributes involved (referred to as multi-way 
table). Demographic data are used to define constraints on marginal distributions of the tables. 
IPF is applied to find cell proportions that are consistent with the given marginal. For more 
information about IPF see Arentze, Timmermans and Hofman (2008). 
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2.1.4.2 Land-use data 
Table 4 gives an overview of Land-use data that the scheduler uses. Data about land-use are 
available at the level of postcode areas and involve employment by sector. These data are 
used by the scheduler to determine feasibility and attractiveness of locations for conducting 
certain activities. Each of these sectors is related to a specific activity.  These data are 
obtained from LISA (national employment database), NRM (Nieuw Regionaal Model) and 
LMS (national model system).  

Table 4: Land-use data 
Data Related activities Model 
# of households Social activities  

NRM 
(4PCA) 

Total # of employees Work activities 
# of pupils primary schools Bring/get activities 
# of employees daily good retailing Daily shopping 

LISA 
(4PCA) 

# of employees non-daily good retailing Non-daily shopping 
# of employees bank/post offices Service related activities 
# of employees restaurants/cafés Leisure activities 
# of paid parking data  

LMS 
(zone) 

# of free parking data  
Mean price per hour for long parking times  
Mean price per hour for short parking times  

2.1.4.3 Transportation system 
Distance and travel time data for car and slow modes are derived from the “Basisnetwork” 
file. This file describes the nation-wide road network down to the level of neighborhood 
roads. Each record describes a network link in terms of begin and end node, average speed by 
car, length and type. The type attribute is used to determine which links are accessible for car 
and slow modes respectively. These data for bus, tram, metro and train is obtained by LMS. 
 

2.1.5 Reporter, Scenario Agent  
The original form of the output is a full schedule for each person in a continuous time scale so 
that reports the start and end time of each activity of person and the 4PCA in which the 
activity is undertaken. The time between the start time of the next activity and the end time of 
previous one displays the travel time. Since Albatross doesn’t have a traffic simulator in its 
components, it couldn’t report the 4PCAs’ person pass through for travelling. It just shows the 
4PCA where travel starts (as 4PCA of previous activity) and 4PCA where travel ends (as 
4PCA of next activity). 
So the final layer of the system consists of a collection of modules or agents which perform 
certain tasks in relation to information needs of users or dynamic aspects of the system. The 
Reporter provides functionality at four levels. First, for frequency and contingency analysis, 
users are able to define the dimensions of the cross-table up to three dimensions. Origin-
destination matrices possibly disaggregated on some third dimension are a special case. 
Second for performance analysis, the reporter calculates and displays system performance 
indicators selected by the user. At the third layer, the Reporter generates a set of goodness-of-
fit measures between generated and observed schedules.  
The Scenario Agent provides an interface and assists users in defining and applying multiple 
scenarios in combination. To provide maximal flexibility, all the data entries present in the 
static-constraints or environments data layer can be manipulated and simulated using Monte-
Carlo techniques.  
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3 Uncertainty-enabled Albatross Model 
 
The rule-based Albatross does not consider uncertainty in its process. However, recently it 
has become clear that uncertainty analysis is important from the policy making point of view; 
especially for complex comprehensive models which have statistical distributions in their 
process.  

3.1 Sources of uncertainty 

Uncertainty in forecasting error can be attributed to two basic sources: input uncertainty 
and model uncertainty. Input uncertainty is concerned with the effect of uncertain input data, 
due to measurement error or to scenario uncertainty, on the ultimate forecasts of the model. In 
contrast, model uncertainty consists of two types of error: specification error and calibration 
(or estimation) error. Specification errors result from a failure of the researcher to identify the 
true model, a simplification of the model or the statistical distribution of random components. 
Estimation error involves error in estimating the values of various constants and parameters in 
the model structure. If we have some confidence in the specification of the model, calibration 
error can be determined by standard statistical procedures. Assessing the effects of 
specification errors is more challenging. 
Considering input uncertainty for all inputs involved in Albatross is not possible in such a 
complex model since, as described in Section 1, there are huge numbers of inputs involved. 
The approach which was chosen is considering uncertainty in inputs which are believed to be 
more important and contributed the most in variability of the results. Considering all types of 
model uncertainty is also not necessary because, for example, the probability of model failure 
to predict travel is not considered because it was already tested by goodness-of-fit analysis at 
the national level. So in this stream the structure of Albatross in terms of decision trees would 
be considered certain and uncertainty analysis would be performed corresponding to random 
number seed specifying the decision tree choices. 

 

3.1.1 Model uncertainty 
Albatross has 27 decision trees for deciding about different facets of activities. Starting from 
scheduling work and other fixed activities to the transport mode of flexible activities. As explained in 
Section 2.1.2.1 the trees are used to classify new cases to one of the leaf nodes based on 
attributes of the case. A response-assignment rule needs to be specified that defines a 
response (decision) for each classified. In order to reproduce residual variation in prediction 
mode, the probability of selecting each response for each new case assigned to the each node 
is considered. Albatross uses Monte-Carlo simulation for getting the response of each 
individual. That is why each case might choose different responses in each decision table in 
different runs. Accordingly, different runs of the model would get different outputs from 
different schedules for the same individual, due to differences in more aggregate indicators. 
Analyzing Albatross several times to compare the results and report the confidence interval or 
standard error is necessary. This type of model uncertainty or variability will be considered in 
Uncertweb.  
 

3.1.2 Input uncertainty 
Input uncertainty is related to data fed into the Albatross as input. The amount of information 
input into the system is huge, so it has been categorized into 3 main groups: 
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3.1.2.1 Sampling bias 
The first type of input uncertainty in Albatross might arise due to the sampling bias. As 
described in Section 2.2.3.1 a travel-survey in 2004 named MON was used to obtain the 
decision trees. These data are obtained from questionnaire propagated through the whole of 
the Netherlands. In these paper-based questionnaires, the people were asked to first write 
down their individual and socio-economic characteristics and then report their activities 
during two consecutive days. The first issue here is that experience shows in such surveys 
some groups might be under reported due to their unwillingness to take part in the survey or 
not having the time to complete it. The other issue is the mistakes the respondent might make 
in reporting characteristics or activities, or also the people turning the paper-based 
questionnaire into computer-based might introduce some mistakes. However an interactive 
computer system was developed to test the logical consistency and completeness of activity 
diaries, still some types of uncertainty analysis based on sampling bias seems attractive. The 
reason is the program could identify errors that incur logical inconsistency (for example a 
person younger than 16 years of age reporting to have driving license). Therefore random 
sampling from the original sample (MON) using the bootstrapping method with new samples 
in the analysis to see the effect of changes in sample on the output would be useful. To 
discriminate between model and this input uncertainty, the simulator random number seed 
should be kept constant. However at some stage it would be interesting to consider both types 
of uncertainty together. 
 

3.1.2.2 Uncertainty in Land-use data 
As described in Section 2.1.4.2, land-use data is input as an indicator of destination 
attractiveness in Albatross. These data are obtained from other models (LISA, NRM and 
LMS) so they have some uncertainty in it. All of these data could be considered for 
uncertainty analysis. However uncertainty in some of them is believed to induce more 
variability in results. One of them is number of employees in daily goods retailing. The reason 
is that in most cases this activity appears in the schedule and consequently variability in it 
would significantly affect the result. The probability distribution for this data could be 
obtained by the expert elicitation tool developed in WP3. With Monte-Carlo simulation, a set 
of new land-use data base would be developed and each of them is used separately in the 
Albatross process. To prevent the effect of model uncertainty in different runs, the random 
number seed needs to be the same for different runs.  
 

3.1.2.3 Uncertainty in Travel time 
Travel time data is extracted from a “basisnetwork” file. In this file, link speed represents an 
average flow speed on the concerned link throughout the day according to expert assessment 
at the level of individual links for main roads. Albatross also uses two speeds: one for the 
morning peak and one for the evening peak, both based on the national model system. 
Considering uncertainty for average speed at which most travels take place would be 
necessary. The expert elicitation tool again could be used for getting the probability 
distribution. However considering all links for this type of uncertainty is impossible. In case 
of Rotterdam, 6 main links were selected after consulting with some experts. These links are 
shown in Figure 4. Similar to land-use process, a set of new ‘basisnetwork” would be 
developed and each of them would be used in different runs. Again the random number seed 
should be kept constant. 
 
 
 



 

 
 

Figure 4:  Crucial links in Rotterdam for travel time uncertainty 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4 Albatross Service 
The Albatross model is deployed in the Web by means of two Web Processing Services 
profiles (Schut 2007). To run a Monte Carlo simulation, the Uncertainty Proxy Service (UPS) 
is used on top of these services. 
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Figure 5: Schematic view of the components used to deploy the Albatross model in the Web
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4.1 Synthetic Population Service 

A WPS profile has to define the identifiers of the processes provided as well as the input and 
output parameters of these processes. The Synthetic Population Service creates a synthetic 
population for all households in the Netherlands from the 28000 households that have been 
sampled. Thus, only one process is needed that offers this functionality. The process has the 
identifier org.uncertweb.wps.SyntheticPopulationProcess. 
 
The input parameters of the process are shown in Table 5. There are also many other model 
parameters that are read from a project file by the model, but these parameters are usually not 
changed for each model run. Thus, only those parameters that are adjusted for each model run 
are modelled as WPS inputs. The raw data inputs for the synthetic population are read from a 
static data file that is provided in the model workspace. The path to the workspace can be 
configured using the project file. However, as the data input is considered to be static and, in 
addition, the size of the input file is very big, the data inputs are not passed to the service, but 
directly read from the workspace by the synthetic population process of the model at the 
backend of the Web service. 
 

Table 5: Request parameters for an Execute operation of the Synthetic Population Service 
Parameter Name Cardinality Type Description 
genpop-households 1 Integer Number of 

households created 
by Genpop (the 
process that 
generates the 
synthetic 
population). 

rwdata-households 1 Integer Number of 
household activity 
schedules sets 
created by the 
Albatross model. 

postcode-areas 1 Integer Number of postcode 
areas (PC4) 

zones 1 Integer Number of zones 
(larger areas) 

municipalities 1 Integer Number of 
municipalities 

 
 
The response of the service contains a reference to the raw and binary files containing the 
synthetic population as well as a reference to the project file which has been used to generate 
the population as listed in Table 6. The project file is needed, as the main Albatross model 
needs the project file that has been used to calculate the synthetic population. 
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Table 6: Response parameters for an Execute operation of the Synthetic Population Service 
Parameter Name Cardinality Type Description 
export-file 1 String String containing the 

reference to the 
synthetic population 
that has been created 
by the service 

export-file-bin 1 String String containing the 
reference to the 
generated binary 
export file. 

project-file 1 String String containing the 
reference to project 
file that has been 
used during 
generation of the 
synthetic population 

 

4.2 Albatross Service 

The Albatross Service provides the interface to run the Albatross model. Therefore, it also 
provides only one process with the identifier  
org.uncertweb.wps.AlbatrossProcess. 
 
Similar to the implementation of the Synthetic Population Service, only dynamic parameters 
of the model configuration are passed to the service. The input parameters of the process are 
shown in Table 7. Besides the dynamic input parameters as described in Section 4.1, the 
parameters that point to the synthetic population are added, as this is also dynamic input. The 
other input data is static data contained in data files of the workspace and do not need to be 
passed via the service interface.  
 

Table 7: Request parameters for an Execute operation of the Albatross Service process 
Parameter Name Cardinality Type Description 
genpop-households 1 Integer Number of 

households created 
by Genpop. 

rwdata-households 1 Integer Number of 
household activity 
schedules sets 

postcode-areas 1 Integer Number of postcode 
areas (PC4) 

zones 1 Integer Number of zones 
(larger areas) 

municipalities 1 Integer Number of 
municipalities 

export-file 1 String String containing the 
reference to the 
synthetic population 
that has been created 
by the service  

export-file-bin 1 String String containing the 
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reference to the 
generated binary 
export file. 

 
The response of the Albatross Web Service contains an origin-destination matrix representing 
the movements between the postal code areas at different daytime periods (ODmatrix). In 
addition, several indicators such as the total distance travelled can be requested (indicators). 
More detailed information about the observation types and its values can be found in the 
implementation section (Section 5.2.3). 
 

Table 8: Response parameters for an Execute operation of the Albatross Model Process 
Parameter Name Cardinality Type Description 
ODmatrix 0..1 U-O&M Origin destination 

matrix containing the 
movement of 
individuals between 
PCAs. 

indicators 0..1 U-O&M Indicators of all 
movements (e.g. total 
distance travelled) 

 
 



4.3 Uncertainty-enabled Albatross 

For the Albatross model, two types of uncertainties
model uncertainty and input uncertainty
uncertain inputs to the Synthetic Population Service and uncertain inputs to the Albatross 
Model Service. The three different approaches to deal with these types
First, handling uncertain input to the
4.3.1). Then, assessing the model uncertainty in the Albatross model is described
4.3.2). Finally, handling the input uncertainties of the Albatross 
4.3.3). 

4.3.1 Input Uncertainties of Synthetic Population Service
In order to assess this input uncertainty, random sampling from the original sample by a 
bootstrapping method is implemen
service chain. 
 

Figure 6: Handling of input uncertainties of Synthetic Population Service
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Figure 7: Assessment of model uncertainty in Albatross Service
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Figure 8: Handling of uncertain inputs in the Albatross service
 
Figure 8 shows the concept of han
Albatross Service is then able to deal with the extended Albatross model and cache
results. Thus, the service is shown as Uncertainty Enabled Albatross Service in 
service calls the random sampling procedure and then executes the Albatross model 
iteratively until the requested number of realisations is reached.
numberOfRealisations is an additional service parameter that is added 
service parameters as defined in Section 
which the output should be provided can be specified as another request parameter.
execution, the uncertain results can be retrieved 
this service, the probability distributions can als
UncertML and are then written to the data files before running the random sampling 
component and the Albatross model.
uncertainSpeedOfLinks and 
type IDistribution as defined in UncertML.
 

5 Prototypical Implementation
In this section, we describe the modifications done in the Albatross model for uncertainty 
propagation and preparing the model for the Web 
implementation of the Web services is presented

5.1 Modifications of Albatross Model 

For performing uncertainty analysis described above, one small modification and one added 
component would be needed. The modification is nece
described in Section 2.1.2 for considering input uncertainty alone, the random number seed 
which specifies the sequence of 
to the decision trees should be kept consta
The added component needed to create the trajectory of people in space and time
for pollution exposure modelling
the trajectory of individuals during travelling
area, an algorithm needed to simulate the movement of people in 4PCA resolution

 
: Handling of uncertain inputs in the Albatross service 

shows the concept of handling uncertain inputs in the Albatross 
to deal with the extended Albatross model and cache

is shown as Uncertainty Enabled Albatross Service in 
service calls the random sampling procedure and then executes the Albatross model 

l the requested number of realisations is reached.
is an additional service parameter that is added 

as defined in Section 4.2. Furthermore, the type of the uncertainty as 
which the output should be provided can be specified as another request parameter.

, the uncertain results can be retrieved as U-O&M encoded values. As a variant of 
, the probability distributions can also be passed to the service interface
and are then written to the data files before running the random sampling 

component and the Albatross model. Therefore, two additional parameters 
and uncertainEmployeeData are defined that are of 

as defined in UncertML. 

Prototypical Implementation 
In this section, we describe the modifications done in the Albatross model for uncertainty 
propagation and preparing the model for the Web (Section 5.1). Afterwards, a prototypical 
implementation of the Web services is presented (Section 5.2). 

of Albatross Model  

For performing uncertainty analysis described above, one small modification and one added 
component would be needed. The modification is necessary for input uncertainty. As 

2.1.2 for considering input uncertainty alone, the random number seed 
the sequence of random numbers in Monte Carlo decision procedures related 

should be kept constant.  
The added component needed to create the trajectory of people in space and time
for pollution exposure modelling. Since as described in section 1.2.6 Albatross doesn’t give 

trajectory of individuals during travelling in terms of duration of stay in each postcode 
, an algorithm needed to simulate the movement of people in 4PCA resolution

 

 

ing uncertain inputs in the Albatross Service. The 
to deal with the extended Albatross model and caches the 

is shown as Uncertainty Enabled Albatross Service in Figure 8. The 
service calls the random sampling procedure and then executes the Albatross model 

l the requested number of realisations is reached. The 
is an additional service parameter that is added to the usual 

. Furthermore, the type of the uncertainty as 
which the output should be provided can be specified as another request parameter. After 

As a variant of 
sed to the service interface encoded in 

and are then written to the data files before running the random sampling 
Therefore, two additional parameters 

are defined that are of 

In this section, we describe the modifications done in the Albatross model for uncertainty 
. Afterwards, a prototypical 

For performing uncertainty analysis described above, one small modification and one added 
ssary for input uncertainty. As 

2.1.2 for considering input uncertainty alone, the random number seed 
random numbers in Monte Carlo decision procedures related 

The added component needed to create the trajectory of people in space and time is needed 
. Since as described in section 1.2.6 Albatross doesn’t give 

in terms of duration of stay in each postcode 
, an algorithm needed to simulate the movement of people in 4PCA resolution has been 



 

  23 

developed. This algorithm was developed at TUE and can be used in a post-processing step of 
the predicted schedules in Albatross. It means that if a user needs to have these trajectories 
then the service could send the schedules Albatross has generated to this algorithm and get the 
more detailed one consisting of a report of people’s movements. An executer was also 
developed which transform the .prd file of Albatross to O-D matrices and preferred indicators 
in context of Rotterdam area.   

5.2 Implementation of Web services 

Both Web Processing Services are implemented as extensions of the 52°North Web 
Processing Service framework1. The particular service implementations are described in the 
following two subsections (Section 5.2.1 and Section 5.2.2). In addition, we describe how the 
Albatross Outputs are mapped to the U-O&M format (Section 5.2.3). 
 

5.2.1 Synthetic Population Web Service 
The components of the Synthetic Population Service are shown in Figure 9. The Synthetic 
Population Service is implemented based upon the 52°North WPS framework. Therefore, an 
additional process class has been implemented that handles the incoming requests, modifies 
the project file and invokes the Albatross Model, which is written in the C programming 
language and available as an executable. Thus, the Web service depends on the Albatross 
model component and the project file used to store parameters and data locations. The 
Albatross model itself then also utilizes the data files that are used to calculate the synthetic 
population. 
 

 
Figure 9: UML component diagram of the components of the Synthetic Population Web Service 

 
Figure 10 shows the sequence of an execution of the generation process that is offered by the 
Synthetic Population Service. First, the user sends an ExecuteRequest to the Synthetic 
Population Service. The service then parses the request that contains the dynamic model 
parameters. These parameters are then written to the project file that is used by the Albatross 
model. Then, the GenPop.exe process provided by the Albatross model as an executable is 
started at the backend of the service. It reads the project file containing the different model 
parameters and data locations and then reads the households samples contained in the data 
files. The samples are then used to generate the synthetic population. Once the generation 
process is finished, the synthetic population is also written in a file and the generation is 
completed. Afterwards, the Synthetic Population Service then retrieves the synthetic 
population in order to provide it in the Web. Furthermore, the project file is read, as this is 
                                                

1 http://52north.org/communities/geoprocessing/ 

Synthetic 
Population Serv ice

ProjectFile

Data Files
GenPop.exe
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also returned in the service response. Finally, the ExecuteResponse is returned to the user 
containing a reference to the synthetic population that has been generated as well as the 
project file containing the parameters that were used for the generation. 

 
Figure 10: UML sequence diagram of an execution of the Synthetic Population Service process 
 
To provide the results in the Web, an Apache Web Server2 is used. The workspace for storing 
the data files and the project file is then contained in the folder for publishing the documents 
in the Web. This enables an easy publication of the generation results in the Web. 
 

5.2.2 Albatross Service 
The different components of the Albatross Service are shown in Figure 11. Similarly to the 
Synthetic Population Service, the Albatross Service is implemented as an extension of the 
52°North Web Processing services. The service uses the project file to write the model 
parameters and the Albatross model to execute the simulation. In addition, the Albatross 
Service is also directly modifying the data files, as it adds the synthetic population created 
before to the data files. 
 

                                                
2 http://httpd.apache.org/ 
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Figure 11: UML component diagram of the components of the Albatross Model Service 

 
The sequence of the simulation execution with the Albatross Service is shown in Figure 12. 
The process is started by sending an Execute request to the service. Then, the model 
parameter are parsed and written to the local project file. Furthermore, the synthetic 
population file is retrieved and written to the local data files used by the Albatross model. 
Then, the Albatross model executable is run at the back end of the service. The model reads 
the parameters from the project file and the data from the local data files. It then executes the 
prediction process and writes the results to the local data files. These results are then retrieved 
by the Albatross Service, converted to the U-O&M format (see next Section) and returned to 
the user. 
 

 
Figure 12: UML sequence diagram of an execution of the Albatross Service process 
 
In case of the Uncertainty-enabled Albatross Service as described in Section 4.3.3, an 
additional pre-processing component of the Albatross model is used by the service 
implementation that reads the probability distributions representing the uncertain inputs, takes 
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random samples of them, and writes these samples in the data files that are used by the model. 
This pre-processing component is also provided as an executable and executed before the 
main workflow is done as shown in Figure 8 above. 
 
As an example to uncertainty-enable the Service and assess the model uncertainty, we have 
implemented a process in the UPS that allows us to assess the model uncertainty as described 
in Section 4.3.2. Therefore, the service executes the usual WPS as often as the required 
number of output realisations. 
 

5.2.3 Mapping of Albatross Outputs to U-O&M format 
There are two possible outputs of Albatross that need to be mapped to the common data 
formats provided in UncertWeb: (i) an origin-destination matrix representing the movements 
from one area to another and (ii) indicators derived from the matrix (e.g. total travel distance, 
etc.). First, we describe the mapping of the origin-destination matrix, followed by a 
description of the indicators mapping. In general, the predictions are valid for an average day 
in the week. Thus, we also had to extend ISO:8601 to allow for non-absolute times such as 
“every day from 1am-2pm”. The temporal extension is described at the end of this section. 
 
Listing 1 shows an excerpt from the origin-destination matrix that is created by the Albatross 
model. Column O contains the postal code of the origin area, column D the postal code of the 
destination area and the columns t1 to t15 contain the number of individuals traveled between 
origin and destination area at time ti with i from 1 to 15. An overview on the times is provided 
in Annex D. 
  

 
Listing 1: Excerpt from the origin-destination matrix that is created by the Albatross model.  
 
Originally, we were planning to model each single movement as a single observation. Besides 
increasing the size of the output, this would also be questionable from a modeling viewpoint, 
as the feature of interest (spatial support) is not unique. Hence, we have modeled the feature 
of interest as the area in which the movement is observed (e.g., area of Rotterdam in our 
demonstration scenario) and modeled the observed property as movements in this area. This 
results in a single observation that contains the matrix as observation result and the temporal 
extent from 3am in the morning until 12pm as samplingTime. More detailed information 
about the observation properties is provided in Annex C (Section 8.3). 
 
Listing 2 shows the indicators output that is created by the Albatross model. These indicators 
are computed for the entire database which holds data for the Netherlands. Thus, the feature 
of interest is the area of the Netherlands. Each indicator is provided in a single observation 
where the observed property is inferred from the identifier of the indicator (e.g. observed 
property “http://www.uncertweb.org/variables/albatross/totalNumberOfTours” for “The 
number of tours “. The samplingTime is the same as for the origin-destination matrix (3am-
12pm). In addition, the indicators “Total distance” and “Number of trips” are provided for 
different modes (0, 1, 2, and 3) where mode 0 means Car Driver, mode 1 means Slow Motion 
(walking or cycling), mode 2 means Public Transportation and mode 3 means Car Passenger. 
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For each mode and indicator a new observation is created, where the mode is indicated in the 
observed property (e.g. mode=0 and “Total Distance, then observedProperty is 
“http://www.uncertweb.org/variables/albatross/distanceTraveled-CarDrivers”). More detailed 
information about the observation is provided in Annex B (Section 8.2). 
 

 
Listing 2: Excerpt from the indicators output file that is created by the Albatross model 
 
As described before, we had to extend the ISO:8601 time definitions to allow for non-
absolute times (e.g. every day in week). Therefore, we propose an extension to ISO:8601 to 
allow for the times as defined above. In our extension, we are utilizing the separators as 
defined for ISO:8601 durations: M for months (values from 01 to 12), W for week (values 
from 00 to 52), D for day of week (values from 1=Monday to 7=Sunday), h for hour of day 
(values from 00 to 23), m for minutes of hour (values from 00 to 59), s for seconds of minute 
(values from 00 to 59) and / as separator between start and end in case of intervals. Table 9 
below lists some examples of the extension. 
 
Table 9: Examples of extended ISO time string 
Extended ISO Time String Description 
D1 Every Monday 
h13 Every day at 1pm 
M03D4h14m30 Every Thursday in March at 2.30 pm 
M03D4h14m30/M03D4h15m30 Every Thursday in March from 2.30 pm to 3.30 pm 
 
In case of outputs that result from Monte Carlo simulation, we are using the 
UncertaintyObservations with similar observation properties as described above, but are using 
UncertML for providing the results, encoded as realizations or probability distributions. 
 
Finally, Listing 3 shows an output example encoded as U-O&M from a standard Albatross 
model run. As described above, the phenomenonTime describes the temporal support that is 
from 3am until 12pm for every day. The resultTime contains the time when the result has 
been generated by the Model run. The procedure provides information that the prediction has 
been calculated by the Albatross model. The observed property provides information about 
the variable. In this case, the result provides a value for the distance traveled by car 
passengers during the time period. 
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Listing 3: Example of an U-O&M output of an Albatross model run 

6 Conclusions 
This document provides a description of the uncertainty-enabled Albatross model chain and 
of the uncertainty-enabled service chain that has been defined to integrate the Albatross model 
in the UncertWeb infrastructure and to make it accessible in the Web. The prototypical 
implementation has shown that our approach allows deploying the Albatross model in the 
Web. Furthermore, usage of the standard tools and encodings developed in UncertWeb also 
allows for uncertainty-enabling the Web service chain. In order to implement the time in the 
Albatross Service outputs, an extension of the ISO:8601 time standard has been defined that 
allows to encode recurring relative times. This extension can also be of interest to a broader 
community in future.  
 
The Albatross model chain is split in two Web services so that different populations can be 
generated on the Web (by means of the Synthetic Population Service). Then, the mobility 
simulation can be executed with the different populations several times (by means of the 
Albatross Model Service). Thus, the different steps can be executed flexibly in the Web. 
However, we did not change the binary encodings for data that is transferred between the two 
services, as the intermediary results (from the Synthetic Population Service) will not be used 
outside the Albatross model chain and do not need to be visualized by the visualisation client. 
Hence, it would be a large overhead to transfer it to the UncertWeb data formats, then pass it, 
and then re-transfer it to the binary formats again.  The outputs of the whole chain are 
encoded using the U-O&M format, as this allows the combination of the Albatross Service 
outputs with the outputs of the air quality model services (WP6) and the integration of the 
Albatross model predictions in already existing tools like the Uncertainty Transformation 
Service (UTS) or the visualisation client.  
 
The structure of the complete uncertainty analysis was described in this deliverable. Now that 
the structure of analysis has been specified, the execution of model is being done in 
Uncertweb context. At the same time TUE will undertake the same analysis outside of the 
web to be able to compare results finally to be sure about the process through the model web.  
Some algorithms needs to be developed to do the bootstrapping and resampling of land-use 
data and travel time before the web service execution. This procedure is under development 
and will be integrated in the Albatross Web services.  
 
In a further step, the Albatross Web services will be coupled with the services providing the 
air quality predictions in order to assess the exposure of individuals to air pollutants. To do 
that the output of Albatross need to be transformed in more detailed one so that the trajectory 
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of people is known in high resolution time scale. The algorithm for doing that has been 
completed by TUE. 
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8 Annex 

8.1 Annex A: Table of timestamps used in Albatross 
model output 

The interval always includes the start time and excludes the end time. 
 
ID of timestamp Time at day 
t1 3am - 6am 
t2 6am - 8am 
t3 8am – 9am 
t4 9am-10am 
t5 10am – 11am 
t6 11am – 12am 
t7 12am – 1pm 
t8 1pm – 2pm 
t9 2pm – 3pm 
t10 3pm – 4pm 
t11 4pm – 5pm 
t12 5pm – 6pm  
t13 6pm – 7pm 
t14 7pm – 8pm 
t15 >8pm 
 

8.2 Annex B: Mapping of Albatross Indicator Outputs to 
U-O&M format 

OutputName Observation 
Type 

Observation 
Properties 

Value 

Indicator:numberOfTours DiscreteNumeric
Observation 

procedure http://www.uncertweb.org/
models/Albatross 

observedProperty http://www.uncertweb.org/
variables/albatross/number
OfTours 

featureOfInterest Netherlands 
samplingTime 3am-12pm (average day in 

week) 
resultTime time when result was 

created 
result Integer representing total 

number of tours in the 
Netherlands 

Indicator:numberOfPeople DiscreteNumeric
Observation 

procedure http://www.uncertweb.org/
models/Albatross 

observedProperty http://www.uncertweb.org/
variables/numberOfPeople 
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featureOfInterest Netherlands 
samplingTime 3am-12pm 
resultTime Day in Week 
result Integer representing total 

number of tours in the 
Netherlands 

Indicator:numberOfTrips DiscreteNumeric
Observation 

procedure http://www.uncertweb.org/
models/Albatross 

observedProperty http://www.uncertweb.org/
variables/numberOfTrips 

featureOfInterest Netherlands 
samplingTime 3am-12pm (average day in 

week) 
resultTime time when result was 

created 
result Integer representing total 

number of tours in the 
Netherlands 

 

8.3 Annex C: Mapping of Albatross Origin-Destintion 
Matrix Output to U-O&M format 

 
OutputName Observation 

Type 
Observation 
Properties 

Value 

O-D-matrix 
 

TextObservation 
 

procedure http://www.uncertweb.org/
models/Albatross 

observedProperty http://www.uncertweb.org/
variables/mobility 

samplingTime 3am-12pm (average day in 
week) 

resultTime time when result was 
created 

result O-D-Matrix  
procedure http://www.uncertweb.org/

models/Albatross 
 


