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Abstract: The impact of climate change has become stronger in recent years, climate 

change has increased hydrometeorological disasters in which flooding is one of the natural 

disaster risks that have a strong impact on the economy. Bac Ninh province has a lot of 

industrial zones, thus, the study and assessment of flood damage to Bac Ninh industry is 

urgent. The study uses Analytical Hierarchy Process (AHP) method to estimate flood 

damage for industrial areas in Bac Ninh province. This study uses satellite images, land use 

map and flooded area of Bac Ninh province data to build a matrix to determine the weight 

of the vulnerability. The study results have calculated the vulnerability weight according to 

the land use situation, built a vulnerability map for the whole Bac Ninh province and 

assessment of industrial damage due to flooding for each district of Bac Ninh province. 
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1. Introduction  

Flood is one of the natural disasters, regularly threatening peopleôs lives and socioï

economic development [1ï5]. Flooding has left very heavy consequences, thousands of 

households were flooded, buildings were destroyed, socioïeconomic activities were 

interrupted [6ï7]. The process of strong urbanization along with the impact of climate change 

and the situation of heavy rain causes flooding in urban areas with increasing frequency [8ï

9]. Inundation affects greatly the management of water drainage. Every the flood events, 

drainage companies have to work hard to pump and drain water, unclog drains and other 

response solutions. Annual funding for dredging reservoirs, canals and rainwater regulation, 

as well as dredging and clearing sewers also costs billions of VND each locality. Flooding 

also affects wastewater treatment facilities. When it rains heavily, the amount of water 

flowing to the wastewater treatment plant is greater than the allowed capacity, most factories 

have to use emergency discharge pipes to the environment, which cannot treat wastewater up 

to the output standards. Heavy rains make drainage works overloaded, and at the same time 

make it difficult for managers to find investment solutions to improve the drainage capacity 

of urban drainage systems. These solutions are often very expensive, and most cannot 

mobilize private capital, but must use the state budget.  

For the assessment of this kind of vulnerability, indicators have proved essential in 

representing relevant variables and processes involved. Flooding is the result of a variety of 

factors that include environmental, social, and economic aspects [10]. In recent years, the 

importance of vulnerability has attracted significant scientific interest, reflecting the need for 
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a shift to new approaches within risk management [11]. Any approach regarding urban 

resilience to natural hazards such as coastal flooding should also incorporate features that 

include the norms, policies, and values that shape cities nowadays [12]. In risk perceptions, 

the understanding of vulnerability is both broad and subjective. 

Bac Ninh is the smallest province in Vietnam, in the Red River Delta and located in the 

Northern key economic region, Vietnam. In 2019, Bac Ninh is Vietnamôs 22nd largest 

administrative unit in terms of population, sixth in gross domestic product (GRDP), second 

in GRDP per capita, seventh in growth rate. GRDP growth with 1,378,592 inhabitants. Bac 

Ninh is one of the provinces affected by inundation caused by heavy rains and storms [13ï

14].  

In this study, a framework for assessing the vulnerability to inundation to industrial urban 

areas in Bac Ninh Province, the AHP method was selected  for this area. Vulnerability is 

assessed using an interdisciplinary approach based on identification of the socioïeconomic 

context, thereby identifying vulnerability patterns and determining exposure to physical 

threats. Currently, there are two commonly used methods, which are the method of 

constructing the weighted average (the average value method uses the method [15]; the 

method of unequal weighting uses the assessment of experts [16]; PCA multivariate statistics 

and AHP unequal weight method [17]). This study uses the unequal weighted method AHP 

to assess the flood damage for industrial urban areas in Bac Ninh Province. 

2. Materials and Methodology 

2.1. Description of study site 

Bac Ninh is a province located in the Red River Delta, in the Northern Delta region. The 

geographical location is in the range from 20o58ô to 21o16ô north latitude and 105o54ô to 

106o19ô east longitude. The North borders Bac Giang province; the East and Southeast 

borders with Hai Duong province; To the south, it borders Hung Yen Province; The West 

borders Hanoi (Figure 1). Rain data at meteorological stations in the region Satellite image 

of corresponding time of occurrence of heavy rains according to the vulnerability assessment 

scenarios Current map of land use in Bac Ninh Province. 

 

Figure 1. Map of Bac Ninh Province. 




















