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Abstract – In this research work, a probabilistic model is developed for regional marble industry sector. Three cases are studied on the 
basis of flood intensity. Data is acquired by conducting survey of multiple regional facilities. Based on this model, a probabilistic relation 
is developed by integrating workforce unavailability in the aftermath of flood with the inoperability of the sector. For this purpose, full 
day equivalent lost is integrated with dynamic inoperability input output model. On the basis of this inoperability at different time 
intervals, economic losses are measured. 
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I. INTRODUCTION 

Disasters are the events that have unfortunate 
consequences on the lives, infrastructure, property and 
economy [1]. Disasters may be natural, caused by men or 
hybrid [2]. All kinds of disasters have adverse effect on 
industries. Disasters cause damage to infrastructure as well as 
to lives of employees. They cause injuries and deaths of the 
employees and hence results in disruption of workforce. 
Some natural disasters of recent era are; earthquake in 
Pakistan in October 2005, Tsunami in Indonesia on 
December 26, 2004, flood in Pakistan in 2010 etc. All these 
had adverse effect on work force absenteeism and hence on 
economy of the respective regions. 

Flood is one of the natural disasters that have a great 
impact on the work force disruption. Severe injuries and 
deaths occur and infrastructures are destroyed. Due to this 
damage usually the absenteeism of workers occurs in industry 
sectors and industry sectors become inoperable. Due to 
inoperability there is reduction in production output of 
industry sectors which results in economic losses. As 
different industries are linked with each other, the output of 
one industry is usually the input of another industry so the 

whole economic network becomes unstable which results in 
inoperability and economic losses of almost all industry 
sectors in an area.  

II. LITERATURE REVIEW 

In early stages some other methods were used for risk 
assessment. HAZOP is a method   which means hazard and 
operability [3]. It is a qualitative method in which a team of 
experts identifies the hazards and risks which causes the 
industry to be inoperable and human injury. Due to their high 
impact on economy, natural disasters have motivated the 
researchers to focus their research on risk analysis studies. 
The basic Leontief Input Output (I-O) model [4] have been 
extended to handle the unfortunate impacts of disasters. The 
I-O model and its disaster-related extensions, for example the 
Inoperability Input-Output Model (IIM) [5], have been 
widely used in analysis of interdependent sectors. Olsen et. 
al., (1997) [6] established a method  for  the  risk  analysis  
related to flood protection. Cho et. al., (2001) [7] worked on 
the I-O model for determining the  losses due to earthquakes 
to transportation sector  in city areas. Okuyama and Chang 
(2004) [8] introduced other different methods for estimation 
of economic losses due to disasters. Velazquez (2006) [9] 
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combined the basic I-O model with the Proops model (1984) 
[10] to shape an extended input output based model for 
sector-specific analysis of water consumption. Qin et. al., 
(2011) [11] conducted a study highlighting the workforce 
absenteeism as a result of disaster. Other applications of these 
models to disasters include Santos et. al., [12] on cyber 
security, Anderson et. al., [13] on the  Northeast Blackout in 
2003. Crowther et al [14] on Hurricane Katrina. A shift-share 
analysis was implemented by Mehregan et. al., [15]to 
estimate the disruptions of the earthquake 2003 on 
employment. Krista et. al., (2013) [16] used Inoperability 
input output model for inoperability and economic losses 
estimation of flooding in Manila. Akhtar et. al., (2013) [17] 
conducted a risk based input output analysis of hurricane 
impacts on interdependent industry sectors. Santos et. al., 
(2013) [18] conducted a risk based analysis for widespread 
impacts of influenza on interdependent industry sectors. 
Niknejad et. al.,(2016) [19] used a novel Fuzzy Dynamic 
Inoperability Input Output Model to propose a risk evaluation 
method for Global Production Networks. 

Yasuhide Okuyama used input output model with 
Miyazawa extension for Hanshin earthquake to find spatial 
impacts of the disaster [1]. This model was also used to find 
economic losses and inoperability of interdependent sectors 
by Crowther [2]. Yaseen ranked regional industrial sectors of 
Budhni Nalla by utilizing input output economic model [3]. 

III. PARAMETERS 

Inoperability parameters that will be used to measure the 
economic losses are discussed below. 

3.1  Leontief Input Output Model: Input-output model was 
presented by Leontief [20] for which he was awarded with 
the Nobel Prize. Input-output model shows interdependency 
between different industry sectors in a region. The output of 
an industry sector in a region can be estimated from the final 
demand and regional technical coefficient matrix using the 
following relation. 

𝒙 = (𝑰 − 𝑨𝒓𝒆𝒈)ି𝟏𝒄 

Where  𝑥 = 𝑜𝑢𝑡𝑝𝑢𝑡 𝑣𝑒𝑐𝑡𝑜𝑟  

𝐴௥௘௚

= 𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑡𝑒𝑐ℎ𝑛𝑖𝑐𝑎𝑙 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑚𝑎𝑡𝑟𝑖𝑥 

𝑐 = 𝐹𝑖𝑛𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑣𝑒𝑐𝑡𝑜𝑟 

Output vector has production outputs in monetary values 
for different industry sectors. Regional technical coefficient 
matrix is obtained from national technical coefficient matrix 

which is explained in coming topics. Final demand vector has 
final demands in monetary values for different industry 
sectors. In this ten sectors have been selected so final demand 
vector has final demands of ten different industry sectors. 

3.2 Inoperability Input Output Model:  Inoperability Input 
Output model is an extension of the basic I-O model. It 
includes the effect of a disaster on the interdependent 
industries. Initially, the IIM was used to model a system 
consists of numerous subsystems. Santos and Haimes (2004) 
extended IIM to determine the economic losses to industries 
in an economic area triggered by a disaster.  Crowther et al. 
(2007) used IIM to study the impacts on several critical 
interrelated industry sectors after being interrupted by a 
hurricane in Katrina. The mathematical form of the IIM is as 
follow. 

        𝑞 = (𝐼 − 𝐴∗)ିଵ𝐶∗                                 (2) 
    Where   𝑞 = 𝐼𝑛𝑜𝑝𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑒𝑐𝑡𝑜𝑟 
                 𝐴∗ = 𝐼𝑛𝑡𝑒𝑟𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 𝑚𝑎𝑡𝑟𝑖𝑥 
                 𝐶∗ = 𝑃𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 𝑣𝑒𝑐𝑡𝑜𝑟 

3.3 Dynamic Inoperability Input Output Model:  Dynamic 
inoperability input-output model (DIIM) is an extension of 
the Inoperability Input-output model which has the capability 
used to find time variant inoperability. Whenever an industry 
sector is hit by a disaster then just after the disaster the 
inoperability is maximum, but with the passage of time (e.g. 
days) the inoperability decreases. So, the inoperability does 
not remain constant. Therefore, there should be a model like 
DIIM which is capable of calculating this time variant 
inoperability. DIIM can be used to find inoperability at 
different time (days) after a disaster using iterations. DIIM is 
given as; 

𝑞(𝑡 + 1) = 𝑞(𝑡) + 𝐾[𝐴∗𝑞(𝑡) + 𝑐∗(𝑡) − 𝑞(𝑡)]        (3) 

         Where, 

𝑞(𝑡 + 1) = 𝑖𝑛𝑜𝑝𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑒𝑐𝑡𝑜𝑟 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 + 1 
    𝑞(𝑡) = 𝐼𝑛𝑜𝑝𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑒𝑐𝑡𝑜𝑟 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 
     𝑐∗(𝑡)

= 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑓𝑖𝑎𝑛𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑟 𝑝𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 𝑣𝑒𝑐𝑡𝑜𝑟 
 

IV. ANALYSIS 

In this proposed research methodology, the data obtained 
through surveys is used to develop workforce perturbation 
model to measure the economic losses caused by workforce 
absentee in the aftermath of floods. This model is then 
integrated with risk-based framework to answer three 
questions of risk assessment and three questions of risk 
management. Industrial surveys were conducted to gather the 
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required values of data for regional Marble industrial sector. 
Data of multiple facilities of marble located in Shabqaddar 
(Charsadda), Warsak road and Nowshera were gathered. 
Each facility owner or supervisor was asked questions related 
to previous flood disasters and his facility workforce and 
revenue. The productivity of an industry is dependent on its 
workforce availability. When there is shortage of workforce, 
the production process is slowed down, resulting in economic 
losses. The industrial sectors are dependent to each other, and 
low production of one sector results in low production of 
goods. Because of this, those sectors which are utilizing these 
goods as input for their production also suffers economic 
losses. That is why it is important for an economic region to 
recover from inoperability in the aftermath of flood disaster 
as soon as possible. Statistical analysis is performed to 
estimate the dependency of the surveyed marble facilities on 
its workforce. The production operations of marble are 
completely performed by manpower, which makes this 
industrial sector highly dependent on workforce. 

Local area personal income (LAPI) is the ratio of sum of 
income of the workforce of a region by total number of 
workforce of that region. It is given by: 

LAPI = 
∑௪௢௥௞௙௢௥௖௘௜௡௖௢௠௘

௧௢௧௔௟௪௢௥௞௙௢௥௖௘
  

To measure the effects of reduced workforce on the 
production of marble sectors, ratio between LAPI and total 
production output (x) for each sector is computed. A 
proportionality relation is established to link initial 
inoperability (q0) of a sector with this labor dependency ratio. 
It is given by the following equation: 

 q0  α 
௅஺௉ூ

௫
    (11) 

Table 1: Probabilistic FDEL Computed 

 
 

From this probabilistic FDEL table, workforce disruption 
ratio is computed. In each iteration the workforce disruption 

constant is varied, which affects the workforce availability. 
For each sector it is multiplied with labor dependency ratio to 
compute initial inoperability of that sector, and because of 
iterations we get inoperability for each iteration. The 
workforce disruption constant, w is computed by the 
equation: 

 w = 
஺௩௚ி஽ா௅

ெ௔௫ቂ
భ

೙
ி஽ா௅ቃ

   (13) 

Cumulative economic losses can be measured at each 
time interval for a sector by summing up losses of previous 
inoperable days. Total economic loss is the sum of losses at 
time interval t of each sector for any intensity flood. 
Economic loss equation is given below: 

 

Economic loss = 
௤(௧).௫

௉௥௢ௗ௨௖௧௜௢௡்௜௠௘
  

At flood water depth less than 0.2 meters the inoperability 
and economic losses recovery curve is shown in figure 18 and 
figure 19. Facilities having critical losses are also identified 
with highest cumulative economic losses. The economic 
losses are flattened after 11th day. Combined economic losses 
are 0.23 million PKR for only the selected facilities. The peak 
inoperability in this case is 45.6%. It is flattened out after 11th 
day showing that sector is entered in normal state of 
operation. Each sector reaches to 1% of initial inoperability 
after 11 days which is assumed as acceptable inoperability. 

 

Figure 1: Low Flood Economic Losses 
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Figure 2: Low Flood Inoperability 

For medium intensity flood when water depth is in 
between 0.2 to 1.0 meter, the inoperability and economic 
losses recovery curve is shown in figure 21 and figure 22. 
Facilities having critical losses are identified with highest 
cumulative economic losses. The economic losses are 
flattened after 32nd day. Combined economic losses are 0.61 
million PKR for only the selected facilities. The peak 
inoperability in this case is 45.6%. It is flattened out after 36th 
day showing that sector is entered in normal state of 
operation. Each sector reaches to 1% of initial inoperability 
after 36 days which is assumed as acceptable inoperability. 

 

Figure 3: Medium Flood Economic Loss 

 

 
Figure 4: Medium Flood Inoperability 

For high intensity flood when depth of water is above 1 
meter, the inoperability and economic losses recovery curve 
is shown in figure 24 and figure 25. The economic losses are 
flattened after 125th day. Combined economic losses are 2.28 
million PKR for only the selected facilities. The inoperability 
is flattened out after 130th day showing that sector is entered 
in normal state of operation. Each sector reaches to 1% of 
initial inoperability after 130 days which is assumed as 
acceptable inoperability. 

 

Figure 5: High Flood Economic Losses 

 

 

Figure 6: High Flood Inoperability 
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Table 2: [5] Regional Industries Ranking 

 
V. CONCLUSION 

In this research, workforce disruption uncertainty affects 
is integrated to dynamic inoperability of its sector and 
economic losses by incorporating full day equivalent lost 
model. The perturbation of workforce uncertainty was 
measured by linking workforce recovery time period with 
intensities of flood impacts. Risk factors associated with 
unavailability of workforce is discussed. By enhancing the 
mobility of workforce availability in the aftermath of flood 
reduces the economic losses for marble industrial sector.  

Inoperability and its time period vary for each intensity of 
flood, due to which the total economic losses of selected 
marble facilities in case of low intensity floods are 0.28 
million PKR and inoperability is encountered for 11 days. For 
medium intensity floods it is 0.61 million PKR and lasts for 
36 days. For high intensity floods economic losses are 2.28 
million PKR and industry remains dynamic inoperability is 
for 130 days. 

Since this research focuses on estimation of inoperability 
and economic losses, it can be extended in several different 
directions. Risk analysis can also be integrated with this 
research to help the industries how to prepare for disasters 
and what strategy should in the aftermath of a disaster. A 

decision making tool e.g., cross prioritization can be used to 
select critical sectors in different situations on the basis of 
inoperability and economic losses. In this research DIIM is 
used to estimate impacts of flood, similarly this methodology 
can also be used to determine the impacts due to other 
disasters e.g., rain, earthquake, hurricane etc. This research 
focuses on a local area Peshawar similarly it can be used to 
determine impact estimations due to disasters in other areas.  
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