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Introduction

This paper presents a methodology for urban monitoring using volunteered
geographic information (VGI) and journalism data Iraq war logs with network based
kernel density estimation (NetKDE). It investigates, using spatio-temporal analysis,
the evolution of urban events in Baghdad between 2004 and 2009. The extracted
street network is based on the data distributed by OpenStreetMap (OSM). A total of
21,876 logged events, 66,648 network segments, 22,644 gridpoints (200m resolution
grid) and 362,304 gridpoints (50m resolution grid) are used for the analysis. The
methodology combines and adapts these VGI data and is mainly based on open
source and/or publicly available software. It handles very large datasets with multi-
scale, multi-resolution and temporal perspectives. Fuzzy-set map comparison (FMC)
is used to identify level of changes between each period of time. The methodology is
already used in other fields of research being biology, urban planning, criminology
or economic development. It should help stakeholders in respective domain to
analyze the evolution of network constrained events in multiple contexts.

This paper is divided in three parts. Firstly, conceptual background of VGI, NetKDE
and FMC is presented. Secondly, the methodology is illustrated using data Iragq war
logs, OSM data and grids with two different resolutions. Thirdly, spatio-temporal
analysis results are presented and discussed.

Volunteered geographic information

Interesting development in the VGI phenomena has been publicly recognized in the
last few years for its research opportunities in terms of new usages, effects and
practices [1]. Nowadays, VGI initiatives can challenge traditional data suppliers and
will grow in the near future [2]. GPS tracking projects [3] and mapping projects as
Wikimapia and OSM are more widely used in research and planning. As stated by
Craglia et al. [2]: “Social networking, Web 2.0, and VGI offer also enormous
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opportunities to develop spatial data infrastructures (SDIs) for scientific and policy-
support purposes which are yet to be exploited.” This paper presents a methodology
that handles information integration and space-time analysis and modeling, two
needs described by [2]

Network based kernel density estimation

Kernel density estimation (KDE) is a statistical process for spatial smoothing and/or
interpolation [4]. It is use in many fields and is widely used by researchers in urban
context [e.g. 5,6,7]. KDE is a weighting function K, most often a normal function,
balancing events accordingly to a distance of influence, the bandwidth. In this paper,
KDE gives global views of the event density distribution and show the most
interesting bandwidths for later use with NetKDE.

Miller [8] and Batty [9] showed that GIS have to take into account network
constraints. Thus, NetKDE uses distances measured along a network rather than
Euclidean distances. It has been used to study economic activities spatial distribution
in Barcelona [10] and bicycle usage behaviors in Ljubljana [3]. Other similar
analyses of density in network constrained environment have been developed
[11,12,13]. In this paper, NetKDE produces high resolution views of event density
distribution for different bandwidths. These results are later analyzed through time
with FMC.

Fuzzy-set map comparison

Urban monitoring is deeply linked to the comparison of maps. Researchers are
looking for hot-spots, transition rules and specific patterns between simulation and
GIS model maps, and remote sensing images. Recent works present original
methods to compare pixel-by-pixel (Kappa statistic) or fuzzy-set (fuzzy Kappa) [14].
This comparison between two maps could deal with nominal, ordinal, interval or
ratio scales [14], or even three maps using three-dimensional table [15]. For this
paper, NetKDE density class maps are compared to detect spatio-temporal changes.
Based on fuzzy-set calculation rules, the FMC compares two maps for their
similarities and dissimilarities. This paper uses the Map Comparison Kit (MCK)
software from the Research Institute for Knowledge Systems [14]. Empirical tests
have been conducted to evaluate the most suitable FMC mathematic function to
presents the case study results.

Methodology — Baghdad case study

The case study uses the methodology for better assessment of the spatio-temporal
evolution of the density of casualties between 2004 and 2009 in Baghdad area. The
Guardian has published a geo-referenced comma-separated values (.csv) file with
detailed information from Wikileaks Irag war logs. OSM network is prepared using
topological correction application. Multi-resolution grids have been prepared at two
different scale, 200m for global view and 50m for further analysis considering
network constrained environment. The Figure 1 presents the data before estimations.
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KDE and NetKDE use the same software. The events, the OSM network and the two
resolution grid SHP files are imported to PostgreSQL/PostGIS relational database
management system (RDMS) using Shape2pgsgl application. Spatial objects
recovery and other KDE/NetKDE calculations use Python script coupled with
Egenix MC base and Psycopg2 API. Visualization of the results is realized with
Quantum GIS plugged to the RDMS. Comparison of the result maps is made using
the Map Comparison Kit. All the calculations have been completed using normal
up-to-date computer using Windows 7.

1 OSM street network
+ Baghdad events
* Gridpoints 200m

Figure 1: OSM street network, Baghdad events and gridpoints (200m)

Baghdad results

Firstly, the KDE results are presented for low resolution grid (200m). Secondly, the
NetKDE results are presented for high resolution grid (50m). Thirdly, the fuzzy-set
map comparisons of NetKDE results are presented and discussed between 2004-
2005, 2006-2007 and 2008-2009 periods. Discussions of these results look at the
further uses and implementations of this methodology. Particular attention is made
on urban planning research fields and practices for different type of spatio-temporal
data and decision making needs.
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