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5 Research Results

In the previous chapters we presented a combination of concepts and theories used to develop
a method for analyzing coordination dynamics in disaster response network. The method
included (1) collecting data on disaster incidents by adopting a case study approach, (2)
conducting a qualitative analysis of those incidents using textual analysis and coordination
theory, (3) quantifying the outcomes of the qualitative analysis using SNA and community
detection algorithms, and (4) constructing Colored Petri Nets (CPNs) by transforming
extracted information from the coordination matrices and SNA to model the coordination

flow in disaster response networks.

The results showed the method capabilities to analyze complex large-scale and simple small-
scale incidents. In addition, the methods provided different levels of granularity in analyzing
coordination-clusters in disaster response networks (local vs. global view). The Elbe River
Flood case tested the methods for its ability to handle complex large-scale disasters, thus a
global view was created. In comparison, the Schiphol Tunnel Fire case tested the method
accuracy in analyzing coordination dynamics in a small-scale incident, thus a local view was
needed. The case analysis shows the method’s capabilities in having a local view of
coordination dynamics inside teams in relation to their global position inside a greater

response network.

The following sections of this chapter contain a presentation of the results after applying the
proposed methodology to the selected case studies (i.e. Elbe River Flood and Schiphol
Tunnel Fire). The first section of this chapter covers results of extracting coordination-
clusters by applying the Louvain algorithm to the time-based response networks from the
case studies. The second section covers further results related to types of emerging
coordination-clusters in the response networks. The third section shows results of patterns of
emerging influencers in coordination-clusters by tracing the centrality values of participating
units. The final section in this chapter covers results from transforming the networked
operations into an event-based dynamic presentation using Hierarchical CPN to model the

coordination flow in the response operations.
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5.1 Emerging Hierarchies of Coordination-Clusters

The next step following the construction of response networks for both the Elbe River Flood
and the Schiphol Tunnel Fire is to apply the Louvain method (Blondel, et al., 2008) to extract
coordination-clusters in those networks. In Section 3.2.2, Chapter 3 we mention that
Resolution Factor value (range from 0 — 100,000) control granularity of clusters detected in
Pajek Software. The default value is 1 and higher values result higher the number of clusters
in the network. In the analysis, we applied different values the Resolution Factor to
investigate the affect of changing the levels of clustering granularity. Various range of values
were tested to examine the changes in the cluster formation. Table 22 shows the results from
applying Louvain method with values of 0.5, 1.0, and 1.5 of resolution factors for the initial

organizational response network at Tj.

The different values for resolution factors helped to examine the variants in the network
structure and the emerging hierarchies in every case. As we mentioned earlier, changing the
resolution factor changes the size of the community detects. The default value is 1, and
values more than one result less number of communities and smaller community size, while

values less that one would produce high number of communities and larger community size.

Resolution Factor Number of clusters Modularity
0.5 45 0.928
1.0 56 0.904
1.5 61 0.886

Table 22. The values of resolutions factors and associated values of modularity and number of clusters for
the initial network at T,.

The Initial Network was created based on divisions’ distribution in each organization
engaged in the response operations for Day 1, Ty. The original graph of the network is shown

in Figure 50.

When applying the clustering method to the initial network with resolution value of 1, the
formation of the clusters reflected the original organizational hierarchy of involved parties.
The hierarchical structure of the organization created multi-tiered networks inside the original
network. Example of that, if we look at the Saxon Police cluster (SP) in Figure (62-a
Resolution Factor =1.0), there are 13 clusters forming. The number 13 matches the number of

districts in Saxony and it is linked to our assumption of having a main police HQ in every
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district in Saxony. So number of cluster is aligned with the hierarchical structure in this case.
In another example, we can look at the Fire Department nodes (FD). There are 12 clusters
formed based on the division assumed in Table 17, which follows the hierarchical structure of
the FD command and control structure. The same apply for the rest of the organizations

where the cluster formation is a reflection to the hierarchical structure of each organization.

When using resolution values of 1.5 and 0.5, the clusters remained to follow the
organizational structure but more tiers of the hierarchy either was expressed (in case of 1.5
value) or suppressed (in case of 0.5). The network graphs in Figures 61-b and 61-c show an
example of the difference between the clusters formation in both cases. The BW clusters start
with one large cluster for resolution values of 0.5, then the number increases to 6 cluster for

resolution value of 1, and finally 11 clusters with resolution value of 1.5.
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Nadia S. Noori Coordination Dynamics in Crisis Response
Operations

After analyzing the Initial Network of Ty, we applied the same procedure to the response
network of T; shown in Figure 50. The same values of the resolution factor were used (i.e.

0.5, 1.0 and 1.5) and the results are listed in Table 23.

Resolution Factor Number of clusters | Modularity

0.5 31 0.810
1.0 40 0.762
1.5 46 0.730

Table 23. The values of the resolutions factors and associated values of modularity and number of
clusters for the collaboration network at T;.

In comparison with Table 22, the results in Table 23 show a decline in the number of the
clusters and the values of modularity for similar values of resolution factor. Such decline is a
result of new connections created in the response network. Those connections are based on
data from the coordination matrix for Day 1 and units distribution listed in Table (18) and
Table (19). The decline in the modularity and cluster numbers reflects the breakdown in the
hierarchical structure of the initial network. This breakdown is a sign of change in the
organization behavior under the stress created by the disaster environment. The breakdown of
the hierarchical structure of the network can be seen in the graphs in Figure 62 of the

response network at T1 after applying the cluster analysis.

134



Gel

G'] = 10J0B,] UOIIN[OSY B

TAAC,
BMIZLZ g

0gLd m/...
ZZeds.
93144
Lied
cad

Lo g
B

Nw_.n_m. Rn_m%mmm_m_o

4459752

(&}

izzddg] 1459,
%‘ YYE&_.%_.mNn_m

996/ d57E4d5

Faa

EEy el

[ ]

Ezdd

L

[TANE]
ccZbGbBpos 1 |zad g8lzad 20104 o @sad
0504l He—® Wdia rEdL 10204 o~ #bldS g mmmn_mwmmmomoxa@mmm%mw«\\ g s
03 o p 8, a0za4 SEQ PEASEd o R Had e Q 012dd
D5LdS ¢ 14 eb1ds 020 Mg Wi BrldSg g asad, S s, 580
N YEGH L OAEE O viTdsEszds sezad " veafiie Mg fof70ELad
oplds 2heds ¥1dS B, ST 21ds & FIER S RPN ey el
. ; RPF&M\ LE0, ° L A T 04 Oy 775030
L T~ cO4L @ ~50zad 943 zizad 42— =
: #0204 . £lzad
A, /A%NE i RO £,
PEds BECiCdT R e, |7 6103,
< £0704 enzad Bs L0204,
0875 sy \.m T ;mmm%@_mmmﬂmm_a@&o alend
i zds FL . Lt 1= ez 0 o
s o9 T oLds WedS @ R eor e ALa4 Ak Dn_or_.mm__.n_n_ :
Lﬂm_n_m_%mmm ek 5 1=0s NNEEH_EEW.__:_ / B e e s A AP i[04 w B LLOd
Pl e T N Qi i Ll ohaey o, roz g tazy s @ Ui @b dius L LB zzead
RS 599 I =652d 5 ob e yElds 7204 & b 104 S0 i Nar = s OV . S TR
e T e : ST el m e Ll mwmn_mlammnv!ﬂ?.\\ 7 L e it /mm_o.u_ﬁmmmm%mn y224
1513, R e A . = q A Bterrlg Lod o s e hEzLad
& 6809 21598 L= : ;.....Jl”lﬂnrfr 3| 145 Em.\v’)‘\\\ 5 07B0H I nszds oL iz Gl
Bl R TR v e e S B (R L1 cLa# 7104 @
36508 ==, st T, e bed 2 T P 2Hd g
S s ; a7k LA LOdazds oL T P 0zza4 .
f ) | G4 e L Qe - O
Pt 25 .\....@.@4, e \
BEZdS FEI04 .‘. et R g
g fLlidkdsy | g = nmm@ 22d5 e 197d56]dS ‘2
RO Sy 15 8975 e bed 2 Gt dS Stgds
/15 @ LaaLdsZ \N:sm - et ey n01 Phon dg———29104
@0 s, llzzds: T e 0l A5 sy gieds =0
FIldS gecs A Ly - P g ot = o2 L T PEPLNIE i e e 0PdSgleT AR TGS
® EE g 00T ﬁatuﬁjﬁ ; T 6598, .En_umm : .
= HdSersaled s ; e AR o0 [\ 2 105
b e 850aR > e @ i
maﬁm\r\q 2 e L N S 7,
JE7AS, o ._.mNn_m. o ? o e 9509 w'-mb}mbm.w.l._.%m _.mu.MW_Ww i
e Ita iRy I e ; SBe950a o (D598 RS OB Jake/ S99 g5 50
D603 e 0 s - e T B e e e g T
G poDed LSS wre il e PEzdS T e 5 DA 95 OB BBl 10T g
zds JE g e =0 TR AN — e L R
hv:JNm_.n_mu_.m .l\ el A bk =

s SIS

2

S
oy TS
92N i

S i ‘e
. m%/
8 SEMdg 36599 56599
e o
\ 6598 3y 6qn, 42500,
Nmmwmhmm/m_m%mmm_ 18598 _ e ry -
12598 g, _sang./ .z @ISO N8 @rsa %o
158 & leprgzsog i : ® *
% = @50g L59ay £2598
#0sma e

suonerdad() asuodsay] SISLI)) Ul SOIWRUA(] UOIJRUIPIOO))

LI0ON 'S BIPEN




9¢l

0’1 = 1030 UonNjosNY 'q

bhdS bblds ZHad
51204 pocEodhoR
05Lds ghlds mmr&momgo%%\wm&bo BbldS, 2blds
Splds, G115 gebzals 8810,y e O B 009 4415 wam%h_ S Eplds
092515245 Ed, 6 _Nmmu_m mowmm&mm_o
B92dS o 1 2 15,10 £6H 00104 8802 6ke040D &1zad
@r&n_mmemmm_mm IZds iz £h2d5 4 / offmwmr%mro REELLER, £NE4 . Bmonﬂﬁo
s S i 4 1
S o..&%....“mmmmn_mm:ﬁ.hn_&:E @mawo@mm%ﬁ% e SRR o %:..u_wr_m:ﬂm__ do.eezad mﬁmuwm %u_m\o\
pgLay o i \ TR Adh2S OLLud 141 PR e vEdd -
" coldf, T o T UM oMy,
 OENZSZdS s, e \ ’\ 3 bl e sfead *
RN Mt LEck gk & P gy % L
wmmmh wﬂm 0413174 f S 3 m/mn__.. 50 10204

SPAREEIE

Dg L6 L &
et

bGzd5ELas 215
etdligy

o Al
Zhd5d

A 5z
L2y 1 OERASS
Rt At

L1 PR SR e
SIS 345 R,

U0z LS A :
o
J _A9lad v ¥ -
2ot Vo = = e
=591 0o T Pee ke L P5eds o /v 1L0gp 0468 0487204
¥ 4.%%%&.%%@@-: EAS Vs s S
Geds x,nmmmmmrommmmm PRFTEAMHL

s jes S
TG

o7 LTI
S AN \?\ Ao L
S0 LS ea SR e L =

e i e
¥ i

9

= ,qﬁmmmmﬁ

O I E s i
e A

o5 m.mNn_mO‘ b ST

) EGE: i

.nmnwmm\_n_nm\o\ LA

s kPl £eeds L G
! . =,
wvmn_mo\mm%nm%%uoo tElcpezdiglle

oA L g

. i Em.mmﬁv_.m,. o 2
e )T PR SO e e :
SEEacE LY .éﬂm@ Ew_nmhm S i ——

1M 245
e I
P
it

\.}-/ml
e

i 9hH L
.M_.ﬂI L ai__eﬂ-w@m g

2z iEBE B B 2204

3&@% \

b L I 1
mom_.zh%_bwzﬂ_.
2204 5

710487104
3 /ﬁmmﬂg

SRy
NNFE.%NEH._
@ Lelr :.__‘._ﬁ.m._.cn_.
1593 ¢N_.DU_L.NN_._ME.
.wémm_.u/m_mmmmmmo
.m.mmm_mo,lwmwm wmmm_mo
£E508 mmmm_mo
5]

Drsog

n \
= EENE s TIE M,mf o

[. .
L] 2220 g

o220y,

suonerdad() asuodsay] SISLI)) Ul SOIWRUA(] UOIJRUIPIOO))

LI0ON 'S BIPEN



Lel

*$10J9E) UOHN[OSIA JUIIIFIP Y YIIA L[, J& 310A)9u dsuodsaa dy [, *79 dans1g

¢'() = 10108 UOnNJOSaY O

bhelS boLds ZLLad
05LdS ehlds BhLdS 2515
915 ShLds 2415 10 Eblds
j Q 01204
W%,WMMW@“N_@ 81Za4 20104 sl oﬂom@mw_mm\
¢ e
o, S AU oy 0000 el e
g e SRS [F e 0204, - SEQS PEAFEAS SRR T, eledd
25104 l.’ ﬁ.wmmwmmwn_m. / Ve (A OEE omw e Seldd, zzzad
By OB g falqelad 2201 L\%E_w Giray mm.Euo%NEU VEEOd oy ey
it ". o 4074 £0d w * @w%m_mf mmmig
Lisire ] [ R ¥a Pt o
olzlds ~J 302dig Tt ey Al ST
i D Y : Rfﬁ%@ o
NN - 1204 olas,
) esdn g nLE o 1z2ad
V o, S s omeomﬁu_ﬁr@.ﬂ_\ e o
A N EAHET 0 510 174
. A -1, i 6114 m_._%_n_:c,wm_.on_ et
4, : . o e plzdBd e
sBLOA ] ehzds g ST 2 62204 2120,
o o TR 530 b S a— R .
(22O yord il n_%dm_mn_u.lﬂfimwr 4 : | S e 25045
e - f TRUFI
_ PR 008 iy P m.iv L] |5269z2 0Lk Lad
17kt Tk A Yy ) it g e= e \W..N..NCQ_U_
09LddgRiedsly ™5 ’."‘“ b o -ll.ll'lll."‘..!...v 4
SF Tt e i N b .\ ==
‘v‘;‘\q W —— o /.Gmw T / e e e g
Sy R oS o i s ¥
2 \‘l 1B 076 ,.//<._1.r5.ﬂhm_mm ] Ko mem%mm.ﬁmﬂ rsrf\?é.wmzﬂwﬁ.
; shnd |“ L i e ] i
- - mmwwmﬁwﬂmﬁo&'\r i %”wﬁ_mu T tmm_sgammwmmmm%m%m .Il.rllm.l.l.rr SZa ﬁhﬂrw,.%._/._m ﬁ : Mg L_mmmv %ﬁ\
B e I 4= LN LT BB A G EEny © FE GO — /i | AEE O AN Y=}
09245 4610 0B 289103453 455 <re/ 8 L0 e I e s R i oo e i /i
B s 2 s s o Bl el T 1510404 04g s g™ e SR T, SRR Ry S
aléas. _.mu,,_mm_.ﬁ_&%% B —— e 5] Saaliliei NI L AT ], e Tty e g SOON T LI 1y iy AP g
= BEEdl S gt nas e : : e s e g e L ST, 1
< . 5 sazd30d5EEs a A e v sas Ry L oy
POl =T 2SMEL SR oa LR
e de o
{5y] _.n_mm_wmm_u@lﬁhm Lad
i . sozde
ledsdelgpaqs 0
leaba @ T Pe  6lds
o0 8.0 mads,
bh2ds g 20 mmuuuoo zds

it _.n_mO Rn_mommmm_m.

suonerdad() asuodsay] SISLI)) Ul SOIWRUA(] UOIJRUIPIOO))

LI0ON 'S BIPEN




Nadia S. Noori Coordination Dynamics in Crisis Response
Operations

5.2 Task —Based Coordination-Clusters

After applying the clustering method (i.e. Louvain community detection) to extract the
coordination-cluster in each response network at Tx, we examine the coordination dynamics
of the response operations. In order to do so, we trace the formation of the different clusters
and look up links between the units involved in a same cluster. Figure 63 and 64 show the
evolution of coordination-clusters in the Schiphol tunnel network at TO (0-15min) and T1
(16-30min). In Figure 64, we see four clusters forming with different tasks like fire
investigation by fire fighters in fire extermination cluster or securing airport perimeter by
Office of Koninklijke Marechaussee-Dutch Royal Police (KMar O) in security & safety
cluster. In Figure 64, we see the emergence of different functional clusters, new actors’
engagement, and redistribution of actors within the coordination-clusters. For example,
KMar O node moved from security and safety operations cluster (at TO) to platform
evacuation cluster (at T1). A new actor joint, NS Passengers, platform evacuation cluster in

response to functional requirement at T1.

Railway administration
3 Ops b . . .
N NG P Profigi Fire extermination Ops
\ Il e :'FE;‘D ~ .=~ Security &
\ ; 7 Puag g b 4 safety Ops
\ RTCT P / FEE‘: I *@=o Kiar_smployes
A -~ L GSHE_T\chmcwan I - CCS | \
- P / \ \  Schipholemplpyee \' ] \
) SRC LY ./ o 7 N
P CT398 1 - - AMS ’ v ~ L
HTEHHTES R -
/ Ot ! ~
craes N
Railway technical Ops

Figure 63. Schiphol Tunnel Fire response network at T,
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Figure 64. Schiphol Tunnel Fire response network at T,

In the 2002 Elbe River flood response network, we noticed similar patterns of clusters
formation to the ones of Schiphol tunnel fire. For example, in Figure 65 we see formation of
a high number of clusters with dike enforcement at T1 that reflects a requirement of such task
over the affected areas in the Free State of Saxony. At T2, water levels had risen to
unexpected levels that introduced new tasks like search and rescue, evacuation beside dike
enforcement. Therefore, in Figure 66 the number of clusters increased sharply due to the
rapid expansion of the flooded areas in Saxony. At T2, a regional catastrophe status was
declared; therefore, we notice engagement of new forces and organizations such as Federal
Border Police (BSG) and German Red Cross (DRK) to cope with the increasing requests for

more forces and responding to new tasks.
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Nadia S. Noori Coordination Dynamics in Crisis Response
Operations

5.3 Homogenous vs. Heterogeneous Coordination-Clusters

In Figure 67 we can see the formation of two types of clusters. First type is a homogeneous
cluster represented by a group of entities (units or divisions) that belongs to the same
organizations and kept its hierarchal position in the network. Second type is a heterogeneous
cluster represented by a group of entities that belongs to different organizations in the
response operations but performing similar tasks. We took a closer look at the heterogeneous
clusters and we found that the clusters are a representation of a task (e.g. search and recue,
clearing debris, or enacting tents) but the numbers of the clusters did not represent the
number of the tasks performed. The number of clusters was a representation of the
collaboration teams within each task. Another observation was that heterogeneous clusters
were mainly forming at the lower crisis management levels of the German system, as we
move up in the system, the clusters become more homogeneous. However, we can see that in
both Figures 67 and 68 that coordination-clusters still follow the distribution of divisions in

Table 17.

In Figure 68 we have 12 clusters, 5 clusters included a mix of organizations and 7 clusters
(encircled with a dotted red line) include only Saxon Police (SP) and Fire Departments (FD).
The FD-SP clusters are a sign of the close collaboration between the Fire departments and the
Saxon Police on the lower level of the crisis management authorities. The fact that “higher
Levels of crisis management authorities” had declined to declare the state of emergency on
Day 1 of the flood; it forced police and firefighters from various townships to collaborate and
perform various tasks in response to the unfolding disaster events. Such delay in the
decision-making process during critical time is another reason behind the breakdown of the

hierarchy that was mentioned in section 5.1.
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5.4 Emerging Leadership in Coordination-Clusters

In addition to applying the clustering methods to the response network, we computed the degree
of centrality values to examine the evolution of influential nodes in the coordination-clusters. In
Figure 70 and Figure 71, we can see changes in values of nodes’ degree of centrality as they
switch clusters, which reflect the change in functionality/task carried out by those nodes. Most
clusters contained at least one influential node that played a crucial role as information hub to
relay information or commands to units from same organization or other organizations in the
clusters. The KMar O is an example where its degree of centrality changed from 1 at TO to 4 at
T1 due to the change of tasks required and engagement of new actors. The same pattern of
changes in the degree of centrality value was observed in the Elbe Flood response network as

well.
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Figure 69. Influential nodes in Schiphol Tunnel Fire response network at T0
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Figure 70. Influential nodes in Schiphol Tunnel Fire response network at T1

5.5 Coordination Flow in Response Operations

In the previous sections we presented results of performing the time-based network analysis of
networked-coordination in disaster response operations for both Elbe River Flood and Schiphol
Tunnel Fire. However, to complete the analysis of coordination dynamic in disaster response
operations, use hierarchical Colored Petri Nets (CPNs) to perform an event-based analysis. As we
mentioned before, disaster response operations involve a set of complicated processes that takes
place over different authoritarian and jurisdictional levels. The multiple layers of simultaneous
coordination actions happening create a very large and complex system to model using classic
Petri Nets. The CPNs offered a valuable toolset to visually and mathematically to model the
complex systems of disaster response operations. This unique combination of graphical and
mathematical representations and a programming language allowed the creation of sophisticated
models without having to abstract its relevant aspects. In spite of CPNs’ capabilities, for large
and complex systems, the CPNs representation becomes less readable and more complicated to

trace.
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Luckily, hierarchical CPNs offered features, which enabled the representation of large complex
systems (Kristensen, Christensen, Jensen, 1998; Jensen, Kristensen, Wells, 2007; van der Aalst,
Stahl, Westergaard, 2013). Hierarchical CPN modeling became a great asset to have to model

complex systems such as disaster response operations.

The hierarchical CPN model enabled the visualization of processes flow in networked-
coordination settings like disaster response operations. The capability of constructing a model
describes multi-tiered and network-based complex system provides the ability to test different
scenarios and optimize coordination flow to maximize resource utilization and reduce response
time. However, scenario testing and process optimization of coordination in response operations

was beyond the scope of the current research work.

For both Elbe Flood and Schiphol Fire, the network analysis was a tool to visualize networked
coordination in response networks. In a similar way, the hierarchical CPN modeling serve as a
translation of the outcomes of the network analysis into a presentation of coordination flow in a
network-governed response operation. In the model, functional cluster were translated into sub-
processes or modules that can be replicated as needed and encapsulated inside their own authority
level in the network. Furthermore, processes such as transitioning between different levels of
response (i.e. escalation or de-escalation to/from local, regional or national) were easy to model
using hierarchical CPNs. With the modeling we were able to follow resources consumption and
actions’ execution through the disaster response network. One of the outcomes of the analysis,
we can see dependencies of processes like the assessment process which depends on information

availability at different levels of response authorities.

In both Elbe Flood and Schiphol Fire response networks, we recognized a bidirectional flow of
information (e.g. catastrophe alert, fire alert, situation reports, sensor readings (for water levels or
smoke detectors)) and actions (e.g. escalation response levels, force deployment, evacuation)
among the different actors in the network (See Figure 71). In addition, the Command and Control
nodes were focal points in the network and served as hubs for communicating information and
commands. The behaviors of those hubs were translated into conditional statements to govern

transition between places in the model.
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Response
LUnits

C, -Command

I, = Information

Figure 71. Flow of information and commands in a disaster response network.

The combination of information, actions and resources flowing in the network is a manifestation
of coordination dynamics. In order to model dynamic in the response networks subject of this
study, data such as exchange information, issue a command (another type of information) or
execute a command (action) must me included. The data can be obtained from (1) coordination
matrix, (2) heterogeneous and homogeneous cluster, (3) task-based cluster, and (4) hierarchical
clusters. In addition, mapping technique used to assign the units and division the response
networks enabled us to embed geo-location of the participating units. With such information it
was possible to pinpoint authority levels and the administrative jurisdiction of the specific units
or divisions. The possibilities of resources availability alert status at the different response levels

in crisis management authorities can be described as follows:

1. Local level, the information is reported directly by the local authorities to assess the

situation.

2. Regional level, the information is reported (propagated) from local authorities to the
regional level authorities that will trigger the regional assessment process. If resource are
UNAVAIL, and EMG Level = LOCAL, then the unavailability will triggers the

assessment process for higher level.

3. National level, the information is reported directly to the regional authorities to assess the
situation. If resource are UNAVAIL, and EMG Level = REGIONAL, then the

unavailability will triggers the assessment process for higher level
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In Table 24, we show the different options of information about the disaster situation and

resources availability in response operations.

Response level Resource availability ‘ Emergency alert  Decision

LOCAL AVAIL ON NOESCL
LOCAL AVAIL OFF FIN
LOCAL UNAVAIL ON ESCL
LOCAL UNAVAIL OFF FIN
REGIONAL AVAIL ON NOESCL
REGIONAL AVAIL OFF FIN
REGIONAL UNAVAIL ON ESCL
REGIONAL UNAVAIL OFF FIN
NATIONAL AVAIL ON NOESCL
NATIONAL AVAIL OFF FIN
NATIONAL UNAVAIL ON ESCL
NATIONAL UNAVAIL OFF FIN

Table 24. The different possibilities of inputs and outputs for disaster response operations.

In general, the continuation or the escalation of response operations is governed by an assessment
process that is carried out by incident commanders or other authorized personnel in the
Command Centers. Unfortunately the network analysis fails to capture details of such important
part of the response operations. For that reason, using hierarchical CPNs was necessary to present
and capture details of procedures execution throughout the duration of disaster response. Another
area where CPNs prove to be a great asset is the ability of having different data representations
and performing mathematical and logical operations. Therefore, the modeling of decision-making
procedures in operations’ escalation became possible because of CPN ability to represent the
process dependencies such as information availability as tokens and process actions like

escalation or de-escalation as transition.

In Figure 72, we show a simple model of an escalation process in response operations based on
data form both case studies, Elbe Flood and Schiphol Fire. The model is an abstract of the

response operations without including details of underlying tasks (e.g. search and rescue or
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evacuation, or fire fighting, or enforcing dikes). The model serves as a scaffold for response
operations model that can be easily manipulated without having to deal with the complexities the

tasks performed. Therefore, the model can be applied to different incidents.

asp_Local R

S

o

|1 Dispatgh Asspss_Situakion Asspss_Situgkion Asspss_Situation

@ |@' end_Hel end_Hel

Figure 72. Simple Petri Net Model for response operations.
*Model create using CPNTools 4.0

The construction of a model representing coordination processes in response operations involved
decomposing the operations into sub-processes based on tasks performed by the coordination-
clusters. We examined the network analysis results of both cases and choose the most common
tasks to help constructing the CPN model of the response operations. In this case we choose
search and rescue and victims evacuation as it was a common one in both networks. The search
and rescue and victims evacuation sub-processes involved actions such as performing search
actions, transport victims, registration, provide temporary shelter, and provide food and others.
The actions required during those sub-processes were translated into transitions (e.g. Get_Search,
Register, Request Resource). The places in the model represented a stable state in the process
such as Camps_Available or Search Teams. Figure 73 represents a sub-process (or called a sub-
page in CPNTools) of the search and rescue model using CPNTools. Producing a complete
model of a response operations would involve including the rest of the tasks performed the

coordination-clusters. With having all the sub-processes modeled, next step is linking each sub-
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page with its associated level of authority transitions (i.e. local, regional or national). The

transitions representing the response levels are shown in Figure 74.

Active Get [Eaarony Get
chyl Search W Iﬁums

Gt | TGO
EVEUT \ctive/

Prepare
Camps

(Camp

Figure 73. Example of sub-process search and rescue model using CPNTools.

With CPN, the different types of resources consumed within the response network can be
represented using COLSET’s. A COLSET in CPNTools is an equivalent of data type in
programming languages. The COLSET types are declared based on the nature of the resources.
For example, COLSET INFO of type sting was declared or COLSET CMD of type string or
COLSET EMG_STAT of type Boolean for emergency alert status or COLSET CAR of type
integer. In Figure 74 illustrates an example of a CPN with different COLSET’s are encircled with
red. The value of resources or status can be embedded as tokens in CPN. In Figure 74, it can be

seen that place of “Emergency Alert” contain 1 token of INFO with value of “EMG_ON”.
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if m="NATIONAL" andalso r="EMG_OFF"

then "FIN"
else " "

if m="NATIONAL" andalso e=AVAIL andalso r="EMG_ON"

then "NOESCL"
else " "

if m="NATIONAL" andalso e=UNAVAIL andalso r="EMG_ON"

then "ESCL"
else " "

Resource

Coordination Dynamics in Crisis Response Operations

Status-local

Escalation

Emergency

Figure 74. Example CPN model with different Color Sets defined (i.e. INFO, CMD, and RSC).

As we mentioned earlier, the execution of the different tasks is dependent on having a proper

escalation in case of resources unavailability or increase of situation complexity. Figure 76

illustrates a high-level model of coordination flow in disaster response operations. The model

was developed based in data from both case studies. It shows the cycle of process flow and the

transitions between the different levels. However, the CPN in Figure 76 is only the “Top” layer

of the model and transition points such as “Local Assessment” or “Regional Resposne” are

connected to sub-pages (or sub-processes) that represent models of tasks such as search and

rescue or assessment decision-making. For example, Figure 77 shows the Local Assessment sub-

page that represents the model of decision-making process for escalation/de-escalation procedure

on the local level.
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case cmd of

"ESCL" => "REGIOMAL"
"NOES "LocAL"

Coordination Dynamics in Crisis Response Operations

case cmd of
"ESCL" => "NATIONAL"
| "NOESCL' “REGIONAL"

| "REGIONAL" => "REGIONAL"
| =

case cmd of

"ESCL" => "INTERNATIONAL"

| "NOESC
I ;

‘MATIOMNAL"
IE=51
Local_ Regional_ Mational_
Response Local EMG Respanss Regional EMG Respanss National EMG
INFO INFO INFO
cmd cmd cmd
Local aid Regional aid Mational Aid International
CMD CMD CMD
cmd
Declare Regional _ National_ J
EMG it Assassemant Assessement
Iiid L
Assessment process level |n rgsgonse operations model
VEMG_ON" cmd
EMG- Update 1 TEMG_ON®
INFO ‘Loca” N
[ncidetntd s 17 "LOCAL" | Qn_\shj
INFO CcMD
AVAIL
esource Update 1 =17 AVAIL (Resource Update]
RSC
2 Respurce] 2 Respurce]
[LRepert | it oomavaiL andalso r—"LocaL” | hencrt)

then UNAVAIL
else AVAIL

if e=UNAVAIL andalso r="REGIOMAL"
then UNAVAIL
else AVAIL

Figure 75. CPN model of the overall disaster response operations.
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if m="LOCAL" andalso r="EMG_OFF" g
then "FIN"
alge "
-
if m="LOCAL" andalso e=AVAIL andalso r="EMG_ON"
then "NOESCL"
alge "
if m="LOCAL" andalso e=UNAWAIL andalso r="EMG_QON"
then "ESCL"
alga "
Resource s e
Status-local pn 1 AVAIL Escalation
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level Alert
IR INFO

1) 1 "EMG_ON'|

Figure 76. Local assessment process model represented by a CPN sub-page.
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As we mentioned that the flow of response processes depends on different sources of information
that feed assessment processes over different authoritarian levels (i.e. Local, Regional, National,
and International). The model shown in Figure 76 represents a common model for both cases
studies, Elbe Flood and Schiphol Fire. The data from table 24 was used to build and validate the
common model of the response operations. In Table 24, data from columns: response level,
resource availability and alert status were used as inputs to the model. At the same time,

expected output of the model was validated against data from the decision column in Table 24.

In the model shown in Figure 76, we notice that information inputs for each assessment
procedure comes from different sources and information regarding alert status or resource
availability can take different paths at each level of authority as it propagates through the
network. Example of that, the input of Regional Assessment transition in Figure 76 is a
combination of resource availability reported by local response authorities and direct input from
the regional levels. The model captures information propagation in the response network within
the different authority levels. When we ran the model based on the inputs listed in Table 24, the
model didn’t produce output as expected several times because of the multiple information
sources at each assessment stage or unrealistic input conditions like asking for more resource
while the emergency alert is off. Calibration of input values was required as well as modifications
to the conditional statements that govern transitions between places. However, the collapse of
the model die to multiple information sources helped us to captures another characteristic of
disaster response operations, lacking a common operational picture. The network analysis could
not present such dynamics but it was able to capture the reality of functional clusters formation to

cope with disaster conditions when official parties failed to do so.

The use of hierarchical CPN’s enabled the construction of a model that integrates sub-processes
seamlessly into the multi-layer response operations. Such property provided a flexible modeling
canvas for testing different combinations of sub-processes and different scenarios of coordination
flows. The model enabled tracing the resource consumption in response networks and monitoring
conditional transitions in the operations over a multi-tiered system. Finally, the model can help in

improving and trouble-shooting designs of disaster response systems.
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5.6 Summary

In this thesis we propose a framework to analyze networked-coordination dynamics in disaster
management using a combination of both qualitative and quantitative methodologies. The
proposed framework could be an answer the need to a tool capable of providing a dynamic
perspective of coordination in network-governed contexts. The steps of the proposed method
consists of three stages, (1) a qualitative analysis of incidents using textual analysis and
coordination theory, (2) a quantitative analysis using SNA and community detection algorithms,
and finally (3) constructing an event-based model using CPN to examine coordination flow in

disaster response networks.

The results of applying the methodology demonstrated the method capabilities to analyze
complex (or large-scale) and simple (or small-scale) incidents. The ability of controlling the
granularity of analyzing coordination-clusters provided a flexibility to examine disaster response

networks on different scales (i.e. local vs. global views and team vs. network levels).

Moreover, outcomes of the time-based SNA and community detection algorithm showed
consistent patterns in coordination-clusters formation. The patterns can be summarized as
follows: (1) response teams or units tend to form coordination-clusters based on required tasks
during the disaster events, (2) heterogeneous and homogenous clusters reflect the nature of
organizational relationships forming during the response operations (i.e. inter and intra
organizational links), (3) emergence of influencing members is affected by the distribution of the
coordination-clusters. Needless to say, formation of the coordination-clusters does not

particularly follow the official disaster management plans.

The complementary event-based analysis using the hierarchical CPN demonstrated the flexibility
of the method to model different scenarios or types of disasters. The disaster response operations
were replicated using a two-tier CPN where a high-level (first tier) model that represents the
coordination flows in disaster operations within a global context. Where a low-level (second tier)
model to represents the different tasks implemented in a disaster response operations from local

view. With this we end the results chapter and in the next chapter we shall discuss our findings.
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