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Abstract: The landslide is a common natural hazard that threatens the safety of highways. In this paper, we took a Town of 

Wenchuan County, Sichuan Province, China as an example, and investigated the indirect economic losses induced by the 

destruction of the 213 National Highway due to a landslide. We divided the indirect economic losses into initial losses and 

secondary losses. Firstly, the transport accessibility was applied to evaluate the losses of the damaged transportation system. 

Thereafter, the input-output method was used to quantitatively assess the indirect losses in other relative industries. Finally, 

the total indirect economic losses were investigated which accounts about 4% of GDP of Yingxiu Town. The findings of this 

paper can help better understand the consequence of the landslides hazard and develop better schemes for landslides risk 

management. 
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1 Introduction 

 

The economical losses caused by landslides are an important consideration in the risk assessment of such 

hazards. In recent years, a few studies have been conducted to address the problem about the economic losses 

induced by landslides. Negi (2013) investigated the restoration work, losses of lives, and damage of vehicles 

induced by damaged National Highway 58 in Garhwal Himalaya due to landslides. Bil et al. (2015) evaluated the 

damage to road networks and decreased serviceability caused by landslides between 1997 and 2010. Klose (2015) 

presented a new methodology for assessment of direct landslide costs for transportation infrastructures. Donnini 

et al. (2017) used a GIS-based method to assess the physical and economic damage caused by two rainfall-

induced landslide events in Central and Southern Italy. 

Nevertheless, these studies mainly focused on the direct economic losses. It should be noted that, a natural 

hazard may not only bring direct economic losses such as damage of the property, but also indirect economic 

losses such as business interruption induced by the natural hazards (Parker et al. 1987). For example, when a 

highway is blocked by a landslide, the direct economic losses may be the stabilization of the landslide and 

restoration of the highway, and the indirect economic losses may include the losses due to the closure of the of 

highway and interruption of the supply chains. Parker et al. (1987) defined direct and indirect economic losses 

based on the difference between stocks and flows. The direct losses involve land, capital and mechanical 

equipment, corresponding to stocks. The indirect losses can be further divided into the initial indirect losses and 

secondary indirect losses. The initial indirect losses are caused by interruption of production and operation, 

corresponding to flows. The secondary indirect losses refer to the multiplier effect of initial indirect losses in 

economic system.  

The objective of this paper is to investigate the indirect losses of landslides that might occur along the 213 

National Highway which passes through Yingxiu Town, Wenchuan County, Sichuan Province, China. The 

structure of this paper is as follows. Firstly, the concept of traffic accessibility was applied to calculate the losses 

of transportation industry, as the initial indirect losses. Thereafter, the losses of other industrial chains were 

investigated according to the I-O method, as the secondary indirect economic losses. The conclusion can provide 

better reference for landslides risk management. 

 

2 The Study Area 

 

As shown in Fig. 1, Yingxiu Town is located in the southern part of Wenchuan County, Sichuan Province, China. 

The town covers an area of 115.1 square kilometers and has a population of nearly 10,000. The economic 

structure of Yingxiu Town is mainly agriculture and manufacturing, and its output value in 2007 was about CNY 

16.9 million. The 213 National Highway (G213) was the only traffic route connecting the outside world and 

Yingxiu town in 2007. Once landslides occurred, it may block G213 and seriously affect the local transportation 

and economic operation, which may then result in extensive indirect economical losses. The purpose of this 

study is thus to assess the indirect losses of landslides which blocked the G213 in the year of 2007. 
 

Proceedings of the 7th International Symposium on Geotechnical Safety and Risk (ISGSR)

Editors: Jianye Ching, Dian-Qing Li and Jie Zhang

Copyright c© ISGSR 2019 Editors. All rights reserved.

Published by Research Publishing, Singapore.

ISBN: 978-981-11-2725-0; doi:10.3850/978-981-11-2725-0 IS8-11-cd 721



722 Proceedings of the 7th International Symposium on Geotechnical Safety and Risk (ISGSR)

3 Methodology 

 
A landslide blocking G213 may cause three categories of losses: (1) the cost of reconstruction, which is referred 

as direct losses; (2) the reduced the output value of local transportation industry, which is called the initial 

indirect losses; and (3) losses in other related industries due to transportation interruption, which is called 

secondary initial losses in this study. The focus of this study is on the estimation of initial indirect losses and 

secondary indirect losses. In this study, the initial indirect losses will be estimated based on the transport 

accessibility which is defined as the difficulty of arriving at other areas from one area in a transportation system 

(Allen et al. 1993). The secondary indirect losses mainly reflect the effect of transportation interruption on the 

output of other economic departments. In economics, the input-output method suggested by Leontief (1952) can 

be used to estimate the indirect economic losses of other relevant departments induced by the direct economic 

losses of some industries. In this paper, the I-O method will be used to assess the secondary indirect economic 

losses. 

 

4 Assessment of Initial Indirect Economic Losses 

 
4.1   Transport accessibility 

In general, the transportation industry output decreases as the transportation performance deteriorates (Allen et al. 

1993). The transport accessibility refers to the difficulty of arriving at other areas from one area in a 

transportation system, which is related to the structure of transportation system, travel distance and traffic 

volume. The transport accessibility can be used to measure the performance of a transportation system (Chang 

and Nojima 2001). A transportation system can be modeled as a transportation network, which consists of a 

series of nodes and the links connecting them. For Yingxiu Town, the 213 National Highway was the only 

highway in the transportation system in 2007. Fig. 2 shows the simplified transportation network of Yingxiu 

Town, where node i and j denotes Yingxiu Town and other areas, respectively. The indirect economic losses in 

Yingxiu Town is affected by the transport accessibility from node i to node j. 

 

 
 

Figure 1.  Location and transportation system of Yingxiu Town. 

 

 

 

 

 

 
 
 

 

 

 

 

 

Figure 2.  The simplified transportation network of Yingxiu Town. 

 

A proper measure of transportation system performance should consist of total travel time on the network in 

vehicle-hours and the sum of vehicle over all system (Chang and Nojima 2001). For Yingxiu Town, the travel 

distance refers the minimum length from node i to node j in the transportation system, which reflects the travel 

time on the network. The travel distance from node i to node j in the network will become longer due to the 

damage of G213 after landslides hazard. The traffic volume refers to the traffic vehicles between node i and node 

j in the network, which reflects the traffic jam phenomenon. Since the traffic vehicles in the simplified 

transportation network of Yingxiu Town are relatively few, the traffic volume has little effect on transportation 

system performance. Here, the travel distance is applied to assess the transportation system performance. The 

distance-based accessibility is estimated as the ratio of the minimum distance between nodes in the intact 

transportation network and the damage transportation network and ranges from 0 (i.e., transportation system with 

non-function) to 1 (i.e., transportation system with fully function) (Chang and Nojima 2001). Let Ai
d(t) denote 

the distance-based accessibility from node i to node j in time t in the transportation network. Let dij* and dij(t) 

denote the minimum distance between nodes in the intact transportation network and the damaged transportation 

network in time t, respectively. The overall transport accessibility of Yingxiu Town from node i to node j in time 

t in the transportation network, Ai(t), can be calculated as follow (e.g., Chang and Nojima 2001; Shi 2014). 
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where wij refers to the destination weight for node j for commuters originating from node i which indicates the 

importance of a particular destination node j for commuter originating from node i. For the simplified 

transportation network as shown in Fig. 2, there was only one link between nodes i and j. Eq. (1) can then be 

simplified as follow. 
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Li et al. (2008) suggested that the distance-based accessibility can be estimated through the highway 

damage factor, k(t) , which is defined as the multiplier of the minimum distance between node i and j in the 

intact transportation network and usually k(t) > 1. When the transportation system is intact, k(t) = 1. Based on the 

method suggested in Li et al. (2008), the minimum distance between node i and j can be estimated as follow. 

*( ) ( )ij ijd t k t d=  (3) 

In general, after a landslide occurs, the restoration of the transport system involves two periods, i.e., the 

emergency period, and reconstruction period. Let t1 and t2 denote the length of emergency period and 

reconstruction period, respectively. Let Ai(t1) and Ai(t2) denote the transport accessibility during the emergency 

period and reconstruction period, respectively, which can be obtained according to the Eq. (2) and Eq. (3), 

respectively. The average transport accessibility for the total period, `Ai(t), can then be calculated as follow. 
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Previously, Li et al. (2008) investigated the data about highway damage factor of Shifang city in Sichuan 

province, China, and evaluated the transportation system performance after landslides hazard. Due to the lack of 

data about k(t) of Yingxiu Town, in this study the data of Shifang city is applied which is also in Sichuan 

province reported in Li et al. (2008) to estimate the transport accessibility, as shown in Table 1. Table 1 depicts 

that the highway damage factor during emergency period is greater than the value during reconstruction period. 
 

Table 1. Data about highway damage factor from Li et al. (2008). 

 

 Intact transportation Emergency period (t1) Reconstruction period (t2) 

k(t) 1.0 2.5 1.3 

 

In general, the total period is closely related to the construction method and efforts involved in the 

construction. In this study, we assume the total period is 12 months, the emergency period is 6 months, and the 

reconstruction period is 6 months, i.e., t1 = 6 months and t2 = 6 months. Based on the above assumptions, Table 2 

shows the transport accessibility of different periods and the overall transport accessibility. As shown in Table 2, 

the transport accessibility losses in emergency and reconstruction period are 60% and 23%, respectively. The 

final average transport accessibility losses in total period are 41%. 

 
Table 2. Transport accessibility. 

 

 Emergency period (t1) Reconstruction period (t2) `Ai(t) 

Ai(t) 0.40 0.77 0.59 

 

4.2   Initial indirect economic losses 

Let Q and 1-`Ai(t) denote the normal annual output of transportation industry and the losses of average transport 

accessibility during the reconstruction period, respectively. Assuming that the annual output losses of 

transportation are proportional to the transport accessibility, the initial indirect economic losses of Yingxiu Town, 

EL1, can be calculated as follow (Shi 2014). 

_

1 [1 ( )]L iE Q A t= -  (5) 
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Based on SPBS (2008), the normal annual output of transportation industry of Yingxiu Town in 2007 is 

CNY 1.28 million. The initial indirect economic losses of Yingxiu Town is CNY 0.52 million. The losses are 

about 41% of the normal annual output of the transportation industry and 3% of the GDP of Yingxiu Town. 

 

5 Assessment of Secondary Indirect Economic Losses 

 

5.1   I-O method 

According to SPBS (2008), the economic system of Yingxiu Town can be divided into 19 industries, including 

Agriculture, Hunting, Forestry, and Fishing, Mining, Manufacturing, Electricity, Gas and Water Supply, 

Construction, Transportation, Other supporting and Auxiliary Transport, Wholesale and Retail Trade, Hotels and 

Restaurants, Financial Intermediation, Real Estate Activities, Renting and Other Business Activities, Scientific 

Researches, Infrastructure Management, Social and Personal Service, Education, Health and Social Work, 

Culture and Entertainment and Public Management and Administration. Let aij denote the ratio of the input of 

industry i to industry j, with respect to the total input to industry j, which is the Leontief technical coefficient. Let 

xj, xi, ci denote the total input to industry j, the total output of industry i, and the final demand for industry i, 

respectively. As the total output of the industry i is equal to the input of industry i to the other 18 industries and 

the final demand for this industry, the following equation exists (Leontief 1952). 

19
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Applying Eq. (6) to each industry, Eq. (6) can be written into a matrix form as follow. 

+ =AX C X  (7) 

Where A is the Leontief technical coefficient matrix with the element in the ith row and jth column being aij, X 

is the total output matrix with the element in the ith row being xi and C is the final demand matrix with the 

element in the ith row being ci. 

 Assuming the ratio of the input of industry i to industry j, with respect to the total input to industry j is 

fixed in the economic system, the output losses of industry i will induce the input to the other industries 

decreasing and lead to the output losses of the other industries in the economic system (Leontief 1952). Let DC, 

DX denote the final demand losses and the output losses, respectively. Based on Eq. (7), the output losses of 

other 18 industries of Yingxiu Town can be estimated as follows. 

1
( )

-
= -!X I A !C  (8) 

where I is the identity matrix. 

 

5.2   Data construction 

Since the data of I-O accounts of Yingxiu Town is difficult to obtained, the location quotients (LQs) proposed by 

Flegg and Tohmo (2013) can be used to estimate aij of Yingxiu Town based on the aij of Sichuan Province. LQs 

are defined as the ratio between regional and national employment of each industry, which reflect the 

relationship between regional industrial structure and national industrial structure. LQs can be applied to 

�regionalize� the national I-O accounts, so that it corresponds as far as possible to the industrial structure of the 

region under consideration. Flegg and Tohmo (2013) used LQs to construct the regional I-O accounts based on 

national I-O accounts of Finland. For Yingxiu Town which belongs to Sichuan Province, when LQs < 1, it 

demonstrates the industry output of Yingxiu Town is unable to meet the input to the other industries, which 

needs import from other areas of Sichuan Province. In such case, the aij of Sichuan Province should be scaled 

downwards by multiplied it by LQs as the aij of Yingxiu Town. Conversely, when LQs ³ 1, it demonstrates the 

industry output of Yingxiu Town is enough to fulfill the input to the other industries, so that no adjustment to the 

aij of Sichuan Province is needed and the aij of Sichuan Province is equal to the aij of Yingxiu (Flegg and Tohmo 

2013). Let Ei
R, Ei

N denote the employment of each industry of Yingxiu Town and Sichuan Province, respectively. 

Let ER, EN denote the total employment of Yingxiu Town and Sichuan Province, respectively. Then, the quotient 

of each industry of Yingxiu Town, LQi, can be obtained as Eq. (9). Let aij
R, aij

N denote the aij of Yingxiu Town 

and Sichuan Province, respectively. The aij of Yingxiu Town can be obtained as Eq. (10). The employment data 

of Yingxiu town and Sichuan province and the aij of Sichuan Province can be obtained according to SPBS 

(2008). 
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5.3   Secondary indirect economic losses 

Table 3 shows the output losses in other 18 economic industries estimated based on the I-O method. As can be 

seen from this table, the manufacturing suffers the most serious losses, with losses of CNY 63 thousand, 

accounting for 0.8% of its output in 2007. The financial intermediation loses CNY 52 thousand, accounting for 

13.6% of its output in 2007. The total secondary indirect economic losses are about CNY 0.2 million, and the 

overall indirect losses are about 0.7 million, which account for about 4% of the GDP of Yingxiu Town in 2007. 
 

Table 3. Secondary indirect economic losses of Yingxiu Town. 

 

Industries 
2007 output 

(thousand CNY) 

Output losses 

(thousand CNY) 

 Losses ratio 

(%) 

Agriculture, Hunting, Forestry, and Fishing 2,621 11 0.4

Mining and Quarrying 370 6 1.6

Manufacturing 7,565 63 0.8

Electricity, Gas and Water Supply 657 14 2.1

Construction 674 1 0.2

Transportation 1,278 524 41.0

Other supporting and Auxiliary Transport 219 8 3.8

Wholesale and Retail Trade 629 12 2.0

Hotels and Restaurants 900 14 1.5

Financial Intermediation 381 52 13.6

Real Estate Activities 259 0.4 0.2

Renting and Other Business Activities 127 2 1.6

Scientific Researches 70 1 1.6

Infrastructure Management 74 1 0.7

Social and Personal Service 236 6 2.4

Education 275 2 0.6

Health and Social Work 173 0.2 0.1

Culture and Entertainment 70 1 1.9

Public Management and Administration 323 0 0

Total 16,900 717.6 4.2

 

 

6 Discussion 

 

In the above analysis, the transport accessibility losses of Yingxiu Town are 41%. To investigate the effect of 

transport accessibility, Figure 3 shows the relationship between the indirect losses and the transport accessibility 

as the accessibility varies from 30% to 70%. As shown in this figure, the indirect economic losses of Yingxiu 

Town increase linearly with the change of transport accessibility losses. The transport accessibility varies from 

30% to 70%, the initial indirect losses increase from CNY 0.38 million to CNY 0.89 million, the secondary 

indirect losses increase from CNY 0.14 million to CNY 0.33 million, and the total indirect losses increase from 

CNY 0.52 million to CNY 1.22 million. 

For Yingxiu Town, the Leontief technical coefficient, aij, was evaluated by the Location Quotients method, 

which may not be fully consistent with the actual industrial structure of Yingxiu Town. According to SPBS 

(2008), the agriculture, hunting, forestry, and fishing of Yingxiu Town is relatively developed, while the 

financial intermediation is relatively backward. To study the effects of the Leontief technical coefficients, we 

reanalyzed the indirect losses through increasing the Leontief technical coefficient of the agriculture, hunting, 

forestry, and fishing by 20%, 40%, 60% and 80% and in the same time reducing the Leontief technical 

coefficient of the financial intermediation by 20%, 40%, 60% and 80%, respectively, and the results are shown 

in Figure 4. In such a case, the total indirect economic losses of Yingxiu Town decrease linearly with the change 

of aij, from CNY 0.74 million to CNY 0.7 million. The initial indirect losses are 0.54 million and the secondary 

indirect losses decrease from CNY 0.2 million to CNY 0.16 million. 
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Figure 3.  Sensitivity analysis of transport accessibility. 
 

Figure 4.  Sensitivity analysis of Leontief technical coefficient. 
 

7 Conclusion 

 

This paper took Yingxiu Town as an example, and investigated the indirect economic losses of transportation 

interruption due to a landslide. Firstly, the transport accessibility was applied to evaluate the losses of the 

damaged transportation system of Yingxiu Town. The initial economic losses are CNY 0.52 million accounting 

about 3% of the GDP of Yingxiu Town. Then, the I-O method was used to calculate the losses of the losses of 

other 18 industries of Yingxiu Town. The secondary economic losses are CNY 0.2 million accounting about 1% 

of the GDP of Yingxiu Town. Finally, the total economic losses were obtained, CNY 0.72 million, accounting 

about 4% of the GDP of Yingxiu Town. As the conclusion shown, the indirect losses are non-negligible for 

landslides risk management. 
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