






•

•

•

•







• →
• →
• →







•

•

•

•

•





[1] Loggins, R., Richard G. L., Mitchell, J., Sharkey, T., and Wallace, W.A. (2019). CRISIS: Modeling the Restoration of Interdependent Civil and Social Infrastructure 

Systems Following an Extreme Event. Natural Hazards Review 20(3):1–21. doi: 10.1061/(asce)nh.1527-6996.0000326.

[2] Boyes, H., Isbell, R., & Watson, T. (2016). Critical Infrastructure in the Future City. En Lecture Notes in Computer Science (pp. 13-23). Springer Science+Business

Media. https://doi.org/10.1007/978-3-319-31664-2_2

[3] The Great Texas Freeze: February 11-20, 2021. (2024, 15 October). National Centers For Environmental Information 

(NCEI). https://www.ncei.noaa.gov/news/great-texas-freeze-february-2021

[4] Rio Grande do Sul, Brazil Floods Response. (2024, 10 May). Humanitarian OpenStreetMap Team. https://www.hotosm.org/projects/rio-grande-do-sul-

brazil-floods-response/

[5] Setola, R., Rosato, V., Kyriakides, E., & Rome, E. (2016). Managing the Complexity of Critical Infrastructures. In Studies in systems, decision and 

control. https://doi.org/10.1007/978-3-319-51043-9

[6] Moglen, R. L., Barth, J., Gupta, S., Kawai, E., Klise, K., & Leibowicz, B. D. (2023). A nexus approach to infrastructure resilience planning under 

uncertainty. Reliability Engineering and System Safety, 230, 108931. https://doi.org/10.1016/j.ress.2022.108931

[7] Stanković, A., Tomsovic, K., De, F., Braun, M., Chow, J. H., Aukalevski, N., Dobson, I., Eto, J., Fink, B., Hachmann, C., Hill, D., Ji, C., Kavicky, J. A., Leví, V., Cc, 

L., Mili, L., Moreno, R. A., Panteli, M., Petit, F., . . . Zhao, S. (2023b). Methods for analysis and quantification of power system resilience. IEEE 

Transactions on Power Systems, 38(5), 4774-4787. https://doi.org/10.1109/tpwrs.2022.3212688

https://doi.org/10.1007/978-3-319-51043-9
































[1] Sun, W., Bocchini, P., & Davison, B. D. (2022). Overview of Interdependency Models of Critical Infrastructure for Resilience Assessment. Natural Hazards 

Review, 23(1). https://doi.org/10.1061/(asce)nh.1527-6996.0000535

[2] Chang, S. E., McDaniels, T., Fox, J., Dhariwal, R., & Longstaff, H. (2013). Toward Disaster‐Resilient Cities: Characterizing Resilience of Infrastructure Systems with Expert Judgments. 

Risk Analysis, 34(3), 416-434. https://doi.org/10.1111/risa.12133

[3] Duenas-Osorio, L., & Kwasinski, A. (2012). “Quantification of Lifeline System Interdependencies after the 27 February 2010 M8.8 Offshore Maule, Chile, Earthquake,” Earthquake 

Spectra, vol. 28, pp. 581–603. https://journals.sagepub.com/doi/abs/10.1193/1.4000054

[4] Santos, J., Roquel, K. I. D. Z., Lamberte, A., Tan, R. R., Aviso, K. B., Tapia, J. F. D., Solis, C. A., & Yu, K. D. S. (2022). Assessing the economic ripple effects of critical infrastructure 

failures using the dynamic inoperability input-output model: a case study of the Taal Volcano eruption. Sustainable And Resilient Infrastructure, 8(sup1), 68-

84. https://doi.org/10.1080/23789689.2022.2127999

[5] Hwang, S., Park, M., Lee, H., Lee, S., & Kim, H. (2015). Postdisaster Interdependent Built Environment Recovery Efforts and the Effects of Governmental Plans: Case Analysis Using 

System Dynamics. Journal Of Construction Engineering And Management, 141(3). https://doi.org/10.1061/(asce)co.1943-7862.0000939

[6] Zhou, S., Ng, S. T., Yang, Y., & Xu, J. F. (2020). Delineating Infrastructure Failure Interdependencies and Associated Stakeholders through News Mining: The Case of Hong Kong’s 

Water Pipe Bursts. Journal Of Management In Engineering, 36(5). https://doi.org/10.1061/(asce)me.1943-5479.0000821

[7] Zio, E. and Sansavini. G. (2013). "Vulnerability of Smart Grids With Variable Generation and Consumption: A System of Systems Perspective," in IEEE Transactions on Systems, Man, 

and Cybernetics: Systems, vol. 43, no. 3, pp. 477-487, doi: 10.1109/TSMCA.2012.2207106.

[8] Teodorescu, H. L. (2015). Defining resilience using probabilistic event trees. Environment Systems & Decisions, 35(2), 279-290. https://doi.org/10.1007/s10669-015-9550-9

[9] Hossain, N. U. I., Jaradat, R., Hosseini, S., Marufuzzaman, M., & Buchanan, R. K. (2019). A framework for modeling and assessing system resilience using a Bayesian network: A case 

study of an interdependent electrical infrastructure system. International Journal Of Critical Infrastructure Protection, 25, 62-83. https://doi.org/10.1016/j.ijcip.2019.02.002

https://doi.org/10.1111/risa.12133
https://journals.sagepub.com/doi/abs/10.1193/1.4000054
https://doi.org/10.1061/(asce)co.1943-7862.0000939
https://doi.org/10.1061/(asce)me.1943-5479.0000821
https://doi.org/10.1007/s10669-015-9550-9
https://doi.org/10.1016/j.ijcip.2019.02.002






ഥ𝒙 = ന𝑨ഥ𝒙 + ത𝒄
𝑥𝑖

𝑖

𝑐𝑖
𝑖

𝑎𝑖𝑗
𝑗 𝑖



ഥ𝒙 = ന𝑨ഥ𝒙 + ത𝒄 → ധ𝑰 − ന𝑨 ഥ𝒙 = ത𝒄 → ഥ𝒙 = ധ𝑰 − ന𝑨
−𝟏
ത𝒄

Ӗ𝐴 =
0.1
0.3
0.2

0.2
0.1
0.1

0.1
0.2
0.1 ҧ𝑐 =

100
50
80

ഥ𝒙



ഥ𝒙 = ന𝑨ഥ𝒙 + ത𝒄 → ധ𝑰 − ന𝑨 ഥ𝒙 = ത𝒄 → ഥ𝒙 = ധ𝑰 − ന𝑨
−𝟏
ത𝒄

Ӗ𝐴 =
0.10
0.30
0.20

0.20
0.10
0.10

0.10
0.20
0.10

ҧ𝑐 =
100
50
80

Ӗ𝐼 =
1
0
0

0
1
0

0
0
1

ധ𝑰 − ന𝑨 =
1
0
0

0
1
0

0
0
1
−

0.10
0.30
0.20

0.20
0.10
0.10

0.10
0.20
0.10

=
0.90
−0.30
−0.20

−0.20
0.90
−0.10

−0.10
−0.20
0.90

ധ𝑰 − ന𝑨
−𝟏

=
0.90
−0.30
−0.20

−0.20
0.90
−0.10

−0.10
−0.20
0.90

−𝟏

=
1.26
0.49
0.33

0.30
1.26
0.21

0.21
0.33
1.19

1.26
0.49
0.33

0.30
1.26
0.21

0.21
0.33
1.19

100
50
80

= ҧ𝑥 =
157.8
138.4
138.7

𝒙𝑭, 𝒙𝑬, 𝒙𝑻



ഥ𝒙 = ന𝑨ഥ𝒙 + ത𝒄 → ധ𝑰 − ന𝑨 ഥ𝒙 = ത𝒄 → ഥ𝒙 = ധ𝑰 − ന𝑨
−𝟏
ത𝒄

Ӗ𝐴 =
0.10
0.30
0.20

0.20
0.10
0.10

0.10
0.20
0.10

ҧ𝑐 =
100
50
80

Ӗ𝐼 =
1
0
0

0
1
0

0
0
1

ധ𝑰 − ന𝑨 =
1
0
0

0
1
0

0
0
1
−

0.10
0.30
0.20

0.20
0.10
0.10

0.10
0.20
0.10

=
0.90
−0.30
−0.20

−0.20
0.90
−0.10

−0.10
−0.20
0.90

ധ𝑰 − ന𝑨
−𝟏

=
0.90
−0.30
−0.20

−0.20
0.90
−0.10

−0.10
−0.20
0.90

−𝟏

=
1.26
0.49
0.33

0.30
1.26
0.21

0.21
0.33
1.19

1.26
0.49
0.33

0.30
1.26
0.21

0.21
0.33
1.19

100
50
80

= ҧ𝑥 =
157.8
138.4
138.7

𝟏𝟓𝟕. 𝟖
𝟏𝟑𝟖. 𝟒
𝟏𝟑𝟖. 𝟕

𝟏𝟎𝟎 𝟓𝟎 𝟖𝟎





𝑎𝐹𝑆 =
100

310
×
170

250
= 0.22

𝑎𝐹𝑇 =
100

310
×

85

320
= 0.09

𝑎𝐹𝑊 =
100

310
×

45

510
= 0.03

𝑎𝐺𝑇 𝑎𝐻𝑊

𝑎𝐺𝑇 =
120

310
×

85

320
= 0.10 𝑎𝐻𝑊 =

90

310
×

45

510
= 0.03



ഥ𝒙 = ന𝑨ഥ𝒙 + ത𝒄

ഥ𝒒 = ന𝑨ഥ𝒒 + ത𝒄𝑞𝑖
𝑖

𝑐𝑖
𝑖

𝑎𝑖𝑗 𝑗
𝑖



𝑞𝑃 𝑞𝐻

𝟎. 𝟖

𝟎. 𝟐

Ӗ𝐴 =
0 0.8
0.2 0

𝟎. 𝟖

𝟎. 𝟐

𝟎. 𝟔



𝟎. 𝟖

𝟎. 𝟐

𝟎. 𝟔
𝑞𝑃
𝑞𝐻

=
0 0.8
0.2 0

𝑞𝑃
𝑞𝐻

+
0
0.6

Ӗ𝐴 =
0 0.8
0.2 0

ҧ𝑐 =
0
0.6

ഥ𝒒 = ന𝑨ഥ𝒒 + ത𝒄

𝑞𝑃
𝑞𝐻

=
0.8𝑞𝐻

0.2𝑞𝑃 + 0.6

𝑞𝑃
𝑞𝐻

=
0.571
0.714

𝟎. 𝟓𝟕𝟏

𝟎. 𝟏𝟏𝟒



ന𝑨 =

𝟎
𝟎. 𝟒
𝟏
𝟏

𝟎. 𝟗
𝟎
𝟎. 𝟖
𝟎. 𝟗

𝟎
𝟎
𝟎
𝟎

𝟎
𝟎
𝟎
𝟎

ന𝑨 =

𝟎
𝟎. 𝟔
𝟏
𝟏

𝟎. 𝟏
𝟎
𝟎. 𝟐
𝟎. 𝟏

𝟎
𝟎
𝟎
𝟎

𝟎
𝟎
𝟎
𝟎

ന𝑨 =

𝟎
𝟎. 𝟔
𝟏
𝟏

𝟎. 𝟗
𝟎
𝟎. 𝟖
𝟎. 𝟗

𝟎
𝟎
𝟎
𝟎

𝟎
𝟎
𝟎
𝟎



𝑖𝜹𝒊 =෍

𝒋=𝟏

𝒏

𝒂𝒊𝒋

• 𝑖

•

𝑗𝜽𝒋 =෍

𝒊=𝟏

𝒏

𝒂𝒊𝒋

• 𝑗

•



ന𝑨 =

𝟎
𝟎. 𝟒
𝟏
𝟏

𝟎. 𝟗
𝟎
𝟎. 𝟖
𝟎. 𝟗

𝟎
𝟎
𝟎
𝟎

𝟎
𝟎
𝟎
𝟎

𝜹𝒊 𝜽𝒋

0.9 2.4

0.4 2.6

1.8 0

1.9 0



ഥ𝒒 = ന𝑨ഥ𝒒 + ത𝒄

ഥ𝒒 𝒕 + 𝟏 − ഥ𝒒 𝒕 = ന𝑲 ന𝑨ഥ𝒒(𝒕) + ത𝒄(𝒕) − ഥ𝒒(𝒕)

𝑘𝑖𝑖 𝑖
𝑖



𝒌𝒊𝒊 =
𝟏

𝑻𝒊(𝟏 − 𝒂𝒊𝒊)
𝒍𝒏

𝒒𝒊(𝟎)

𝒒𝒊(𝑻𝒊)

𝑞𝑖(0) 𝑖

𝑞𝑖(𝑇𝑖) 𝑖

𝑇𝑖 𝑞𝑖 𝑇𝑖

𝑻𝒊
𝑖

𝒍𝒏
𝒒𝒊(𝟎)

𝒒𝒊(𝑻𝒊)
= 𝒍𝒏

𝟏

𝟎.𝟎𝟏
= 𝒍𝒏 𝟏𝟎𝟎



Ӗ𝐴 =
0 0 0.3
0.4 0 0
0.2 0.6 0









[1] Leontief, W. (1966). Input-Output Economics. Oxford University Press, Oxford, United Kingdom. https://liremarx.noblogs.org/files/2020/02/Wassily-Leontief-Input-

Output-Economics-Oxford-University-Press-USA-1986.pdf

[2] Haimes, Y., & Jiang, P. (2001). Leontief-based Model of Risk in Complex Interconnected Infrastructures. Journal of Infrastructure Systems, 7(1), 1-12.

[3] Setola, R., Rosato, V., Kyriakides, E., & Rome, E. (2016). Managing the Complexity of Critical Infrastructures. En Studies in systems, decision and 

control. https://doi.org/10.1007/978-3-319-51043-9

[4] Haimes, Y. Y., Horowitz, B. M., Lambert, J. H., Santos, J. R., Lian, C., & Crowther, K. G. (2005). Inoperability Input-Output Model for Interdependent 

Infrastructure Sectors. I: Theory and Methodology. Journal of Infrastructure Systems, 11(2), 67-79. https://doi.org/10.1061/(asce)1076-

0342(2005)11:2(67)

[5] Lian, C., & Haimes, Y. Y. (2006). Managing the risk of terrorism to interdependent infrastructure systems through the dynamic inoperability input–output 

model. Systems Engineering, 9(3), 241-258. https://doi.org/10.1002/sys.20051

[6] Pant, R., Barker, K., & Zobel, C. W. (2013). Static and dynamic metrics of economic resilience for interdependent infrastructure and industry 

sectors. Reliability Engineering & System Safety, 125, 92-102. https://doi.org/10.1016/j.ress.2013.09.007

[7] Jian, J., & Zhou, H. (2023). A Demand-Side inoperability Input–Output model for strategic risk Management: Insight from the COVID-19 outbreak in 

Shanghai, China. Sustainability, 15(5), 4003. https://doi.org/10.3390/su15054003

[8] Setola, R., De Porcellinis, S., & Sforna, M. (2009). Critical infrastructure dependency assessment using the input–output inoperability 

model. International Journal Of Critical Infrastructure Protection, 2(4), 170-178. https://doi.org/10.1016/j.ijcip.2009.09.002



              

              





Network of the infrastructure 1 and the infrastructure 2

𝟏 𝑛1
1

𝑛5
1

𝑛2
1

𝑛3
1

𝑛4
1

𝐺1 𝟐

𝑛3
2

𝑛4
2𝑛1

2

𝑛2
2

𝐺2



State vector for each node of Infrastructure 1 and Infrastructure 2

𝑛1
1

𝑛5
1

𝑛2
1

𝑛3
1

𝑛4
1

𝐺1

ҧ𝑥𝑛2
1
=

𝑥1
𝑛2
1

𝑥2
𝑛2
1

ҧ𝑥𝑛1
1
=

𝑥1
𝑛1
1

𝑥2
𝑛1
1

𝑥3
𝑛1
1

ҧ𝑥𝑛3
1
=

𝑥1
𝑛3
1

𝑥2
𝑛3
1

ҧ𝑥𝑛4
1
=

𝑥1
𝑛4
1

𝑥2
𝑛4
1

𝑥3
𝑛4
1

ҧ𝑥𝑛5
1
=

𝑥1
𝑛5
1

𝑥2
𝑛5
1

𝑥3
𝑛5
1

𝑥4
𝑛5
1

𝑛3
2

𝑛4
2𝑛1

2

𝑛2
2

𝐺2

ҧ𝑥𝑛1
2
=

𝑥1
𝑛1
2

𝑥2
𝑛1
2

ҧ𝑥𝑛2
2
=

𝑥1
𝑛2
2

𝑥2
𝑛2
2

𝑥3
𝑛2
2

𝑥4
𝑛2
2

ҧ𝑥𝑛4
2
=

𝑥1
𝑛4
2

𝑥2
𝑛4
2

𝑥3
𝑛4
2

ҧ𝑥𝑛3
2
=

𝑥1
𝑛3
2

𝑥2
𝑛3
2



Demands 𝐷(𝑋1
1) and 𝐷(𝑋1

2) of infrastructure 1 and infrastructure 2 in their perfect functioning 

states 

𝑛1
𝑖

𝑛5
𝑖

𝑛2
𝑖

𝑛3
𝑖

𝑛4
𝑖

𝐺1

ҧ𝑥𝑛2
1
=

1
0

ҧ𝑥𝑛1
1
=

1
0
0

ҧ𝑥𝑛3
1
=

1
0

ҧ𝑥𝑛4
1
=

1
0
0

ҧ𝑥𝑛5
1
=

1
0
0
0

𝑛3
2

𝑛4
2𝑛1

2

𝑛2
2

𝐺2

ҧ𝑥𝑛1
2
=

1
0

ҧ𝑥𝑛2
2
=

1
0
0
0

ҧ𝑥𝑛4
2
=

1
0
0

ҧ𝑥𝑛3
2
=

1
0

𝑋1
1 = 𝜙 ҧ𝑥𝑛1

1
, ҧ𝑥𝑛2

1
, ҧ𝑥𝑛3

1
, ҧ𝑥𝑛4

1
, ҧ𝑥𝑛5

1

𝑋1
2 = 𝜙 ҧ𝑥𝑛1

2
, ҧ𝑥𝑛2

2
, ҧ𝑥𝑛3

2
, ҧ𝑥𝑛4

2

→ 𝐷 𝑋1
1

→ 𝐷 𝑋1
2
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