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Key Points

Key Points

• Urban development in floodplain areas in Da Nang increases flood severity 
in existing flood-prone areas in Quang Nam during extreme rain events.

• Conventional urban planning, infrastructure design, and foundation 
standards based on historical experience will not prepare houses and 
infrastructure for future events.

• The current city master plan that expands the city into floodplain areas will 
cause more economic damage and possibly loss of life in both existing urban 
and new construction areas.

• International practices for urban planning and development of “resilience 
cities” require protection of large areas of the floodplain for emergency flood 
retention. These areas can be used for recreational or agricultural purposes, 
but not for urban development. Development of floodplain areas in the face 
of climate change is not sustainable.

• Cost-benefit analyses of three pathways, including housing, road, and flood 
risk reduction in the new development area in the southern part of Da Nang 
city, show significant differences in economic returns. However, in all cases, 
the results show that investment in resilient pathways is socially desirable.

• Among three resilience pathways, results of benefit-cost ratios show that 
an improved early warning system was the most economically efficient 
option (i.e., with BCR = 9.13), raised road comes second (BCR = 1.16), 
then raised house plinth (BCR = 1.04). This implies that for a future choice 
of investment, investment in soft resilient measures, or nonstructural 
interventions, is more economically efficient as compared to hard resilient 
measures.

• An early warning system is the best option for future resilient developments 
and one the city should consider as the highest priority. Raised house plinth 
is economically viable but was not recommended for future development. 

• If flood risks are not addressed, home owners and real estate developers in 
Da Nang will face higher future damage and recovery costs—affecting the 
city’s reputation and future land prices. Also, the local government will face 
higher costs to repair urban infrastructure, such as roads.
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1 Introduction

Da Nang is the most dynamically developed city in Central Vietnam, where 
economic development and urbanization are both occurring rapidly. The city’s 
gross domestic product (GDP) is the highest in the country, at over 11% in 
recent years (Cu, 2008). The average population of the city, including rural 
districts, is nearly 1 million, with an average density of 740 persons per km2. 
However, in the central business district of the city, the population density 
exceeds 19,000 persons per km2 (Thanh Khe district), more than 10 times the 
density of the peri-urban areas (Lien Chieu district; Da Nang UPI, 2012). 
The annual population growth rate in Da Nang is 3.48%, with the population 
expected to reach 1.2 million in 2020 and 1.5 million in 2030, with most of 
the growth in the urban areas, about 82% and 84%, respectively (Da Nang 
UPI, 2012). This uncontrolled boom and high population growth rate are some 
of the challenges Da Nang faces that contribute to an increase of risks and 
vulnerabilities (Da Nang UPI, 2012).

Recent rainfall event analysis completed for 2020 and 2050 shows that climate 
change is likely to increase the intensity of moderate to severe rain events in and 
around Da Nang (Opitz-Stapleton & Hawley, 2013). More moderate events 
(rainfall events with a 10-year return period) are not projected to increase in the 
near 2020 term, but by 2050 these moderate events are most likely to increase, 

1 Introduction
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while typhoon intensity and probability are still unknown for 2020 and 2050. 
This is due to the limitations of climate models and their ability to replicate 
typhoon information. However, with the available information, we know that 
Da Nang will likely experience more severe flooding as we approach 2050 and 
potentially increased intensity of typhoons (Opitz-Stapleton & Hawley, 2013).

The Da Nang city modification master plan (hereafter referred to as “the 
plan”), which applies for the period 2015–2030 with a vision to 2050, was 
approved by the central government in 2013. The plan was prepared by the city’s 
construction planning institute in March 2012 through consultations with the 
city council and relevant administrative bodies through multi-level meetings. 
While almost all urban sectors are involved, stakeholders1 who are responsible 
for implementing the plan seem to have been missing during the plan’s 
development. No specific stakeholders or human resources are identified in the 
plan. Solutions and orientations for the city’s urban development addressed in 
the plan tend to put more focus on physical land use planning and technical 
infrastructure systems, such as civil and noncivil construction, transport, water 
supply, wastewater drainage and environmental sanitation, and the supply of 
electric power and public lighting.

The purpose of this research is to undertake a forward-looking analysis 
to explore the costs and benefits of systematic efforts to build resilience in 
Da Nang city. Rather than focusing primarily on the returns to individual 
interventions, the approach will be to contrast a base “business as usual” 
scenario with one that builds resilience and reduces future exposure and losses 
through strategic design changes in transportation, flood management, and 
housing systems. This will represent a critical addition to debates over the 
justification for resilience investment.

The Current Situation
A new residential development area in the southern part of Da Nang, 
geographically part of the Hoa Vang and Cam Le districts, is experiencing 
rapid urbanization. This new development area sits on either side of two 
rivers, the Qua Giang and Cam Le, and used to be a floodplain zone for river 
overflow (Figure 1). To develop the area, soil and matter from the mountains 
surrounding Da Nang have been transported to fill the floodplain, on average 
making it 2.5m higher than the existing topography. The area experiences 

1 Department of Agriculture and Rural Development, Center of Flood and Storm Control, private  
 sector, and Department of Transportation.
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large inflows of water from upstream areas, and with limited channel capacity, 
overflowing occurs as the rivers try to reach the sea. Sea level rise also poses a 
threat to this newly planned residential area, as it sits just 6 km from the beach. 
The construction of ring roads have added to the hazards by obstructing the 
natural course of the water’s pathways and directing it to the new residential 
area and beyond, causing harsher flooding in neighboring wards. This is very 
likely to lead to critical urban problems such as failed infrastructure and 
services and environmental urban degradation. Housing, road planning, and 
the early warning systems are key areas where climate risk can be reduced and 
vulnerability to disasters diminished.

In urban areas, townhouses are quite common, with reinforced concrete (RC) 
structures, heights of two to three stories, and heterogeneous architectural 
styles. This type of housing works well in response to floods due to its RC 
structure and usual multi-story height. However, in the new development areas, 
the proposed high density of housing construction often results in negative 
effects on flood management. Specifically, the high density of townhouses 
significantly reduces spaces for water flow and floodwater retention. Road 
construction in the area has been specified by the city (Figure 2). National Road 
1A has been upgraded and extended to 28m wide, an asphalt-based structure, 
and a ground level of +3.85 m to +4.5m above sea level. The building of ring 
roads that cross the flood path limits drainage in the area. According to the 

Figure 1: MAP OF STUDY AREA
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team’s investigation, the flood level on this road in the 2007 flood (equal to a 
1-in-20-year flood) was about 0.5–0.8m. Flood levels are estimated to be higher 
in the future and are likely to result in the total closure of this road in the case 
of a 5% probability flood (1-in-20-year flood) or higher flood level.

Another key feature of the new development area is the expansion and 
integration of the city-wide early warning system (EWS). This system includes 
relevant agencies at different levels and in different sectors. At each level, the 
Committee for Flood and Storm Control (CFSC) was established and works 
fairly well. Mass media involved in the EWS include TV and radio, and mobile 
phones are fairly effective in providing early warning information to local 
people. However, the EWS has some limitations (Da Nang CFSC, 2013):

1. The communication hardware systems (e.g., power generators, fax 
machines) for receiving early warning information is out of date and does 
not work well during disasters.

2. Public loudspeakers that act as warning systems do not reach all 
communities, especially those in remote areas of the peri-urban districts.

Figure 2 : UR BAN TR ANSPORT SYSTEM IN 2020
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3. Early warning information is channeled through secondary levels 
(intermediate institutions), which results in warning delays to the people 
who need it most. 

Assessment of Past Impacts

Surrounded by mountains, Da Nang is mainly affected by typhoons and floods. 
These events, together with other natural hazards such as drought, high tides, 
coastal erosion, salinization, and landslides, are major concerns for city residents 
and local authorities, and are likely to be exacerbated under the context of 
climate change (ACCCRN, 2010). Major floods occurred in Da Nang during 
the 1999–2012 period; the damages they caused are reported in Table 1.

Much of the new and planned growth, as outlined in the city master plan, is in 
the low-lying floodplain to the south of the city center. In this area, developers 
are infilling land to protect new development from flooding, yet this infilling 
constricts drainage and eliminates floodwater retention zones, increasing 
the risk in adjacent areas. Poor communities upstream or adjacent to new 
developments are likely to be heavily impacted.

These urbanization processes have changed the nature of flooding hazards for 
the city. As they accelerate, so too will the changes in flood hazards. Yet flood 
hazards will also increase due to climate change. Current flooding is often 
triggered by rainfall events associated with the monsoon or typhoons either 

 Table 1: MAJOR FLOODS DUR ING THE 1999–2012 
PER IOD AND THEIR DA MAGES

Year Flood 
level (m)

Return period 
(1 in x years)

Exceedence

probability
City-wide damage (bil.

VND)

1999 4.28 100 0.01 661.002 
2007 3.98 20 0.05 1,524.00
2009 3.16 4 0.25 495.00
2010 1.19 2 0.50 89.44

Source: Da Nang’s CSFC (2012)

2 Flood damage in 1999 did not include damage to public infrastructures; thus it seemed to be   
 underestimated.
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in the city or upstream of the city in the Vu Gia–Thu Bon river basin. Storm 
surges and high tides during rain events can exacerbate flooding. Climate 
change will increase sea level and is likely to alter the intensity of rainfall events 
that contribute to Da Nang’s flooding (Opitz-Stapleton & Hawley, 2013).

Current Flooding Regime
According to Da Nang’s master plan, this new residential area will be developed 
and filled up, with the average height 2.5m higher compared to the existing 
topography. According to flood projection models (Da Nang DoC, 2013), if 
this area is fully developed as planned, climate change and urbanization in Da 
Nang will lead to an increase in water level at Cam Le monitoring station of 
about 0.78m, comparable to the flood level in 2007. 
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2 Scenarios

The use of scenario development is key to identifying and developing future 
visions of what Da Nang may become. As shared earlier, the city is on a steady 
urbanizing path that will alter the vulnerability of key systems within the city 
with the increased threat of climate change. Overall, a scenario approach was 
taken to understand and investigate what might happen if business as usual 
continues to occur or if a path shift can happen, resulting in a resilient path. 
Key consultations with stakeholders, through shared learning dialogues, were 
used to develop these scenarios, building off the current situation, as discussed 
in Section 1.

Objectives of the scenario development included:

1. Determine reductions in losses (avoided costs) from encouraging patterns 
of transportation, flood, and shelter development that are guided by 
resilience planning principles versus business as usual (BAU) design 
principles.

2. Build local capacities to understand the likely economic returns from 
resilience planning and leave an improved understanding of tools that 
inhabitants can use for similar work on their own in the future.

2 Scenarios



12

Building Urban 
Climate Resilience: 

The Economics of Alternative 
Development Pathways

Case Study of Da Nang, Vietnam

3. Generate key qualitative insights on institutional and other changes that 
cannot be quantified using economic methodologies but that influence 
both the returns from resilience planning and how they are distributed in 
relation to vulnerable communities. 

Utilizing the city planning time frame for Da Nang, we looked out to 2030 to 
consider alternative development pathways. The city planning process occurs 
every 20 years and we ensured that this aligns with the planning frame. The 
business as usual scenario takes the current city plan and assumes development 
continues as it is currently happening. All master plan guidelines for road 
development and residential and flood mitigation systems are implemented, 
as defined by the master plan. The resilient pathway approach takes these key 
development pathways and adjusts them to allow for living with and integrating 
the flood regime that is currently being experienced and expected to worsen. All 
scenarios assume that climate change is occurring and utilize damage estimates 
that incorporate climate change. (See Table 2.)
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Table 2 : OVERV IEW OF BUSINESS AS USUAL AND RESILIENT PATHWAY SCENAR IOS 

Scenario Housing Transport Early warning system
Business 
as usual 
(BAU)

In urban areas, townhouses are 
quite common, with reinforced 
concrete (RC) structures, 2–3 
stories high, and heterogeneous 
architectural styles. This type 
of housing is relatively good 
in response to floods due to 
the RC structure and usual 
multi-storey height. However, 
high density of construction 
reduces land for open spaces, 
which are spaces for water 
flow and floodwater retention, 
and hinder the construction of 
urban infrastructure systems.

National Road 1A and ring roads 
are planned for construction 
across flood pathways, limiting 
available flood drainage.

Specifically, the Hoa Phuoc–Hoa 
Khuong road project,1 connects 
traffic between the southern 
areas and eastern coastal region 
to the city center. It contributes 
to urban renewal and population 
distribution by encouraging 
people to live in new urban areas 
to the south of the city, reducing 
the population density in the 
center area and increasing the 
city’s economic growth. This 
road is planned to be built in 
the flood waterways and will 
partially block their flowing 
capacity during floods.

The EWS currently exists 
but has some limitations 
(Da Nang CFSC, 2013), 
such as (i) machines (e.g., 
power generators, fax 
machines) for receiving 
early warning information 
are out of date and do 
not work well during 
disasters; (ii) EWS’s 
public loudspeakers do 
not reach all populations; 
and (iii) early warning 
information and 
responding guidelines 
from city authorities 
to local communities 
is transmitted through 
many intermediate levels, 
causing warning delays.

Resilient 
pathway 
(RP)

Apartment buildings have 
become popular in urban areas 
to meet the demand of urban 
citizens. 

Construction of townhomes 
in low-lying areas includes 
raised house plinths to limit 
vulnerability to flood damage. 

The first story of the 
townhouse is designed with 
materials that respond well to 
floods; functionality of the first 
story is flexible, allowing for 
water infiltration if necessary.

The Hoa Phuoc–Hoa Khuong 
road is built with a high capacity 
for floodwater to flow by 
increasing the opening of cross 
culverts, increasing the opening 
for bridges, and in some areas, 
building the road on stilts to 
reduce floodwater, especially 
during big floods such as 
1-in-20-year floods or greater.

To improve the 
effectiveness of 
the current EWS, 
broadcasting of the early 
warning information 
comes sooner and 
the accuracy of the 
forecasting information is 
better.

1 This is a component of the “Da Nang Sustainable City Development” project, funded by the World Bank
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3 Methodology for 
Estimating The Costs and 

Benefits

In this section, we discuss the methods and approaches used to conduct 
cost-benefit analysis utilizing the scenarios discussed in Section 2. The research 
focuses on establishing the benefits of investing in urban development that has 
elements of resilience built in, as opposed to the current (largely unplanned or 
planned but unenforced) development of cities. The hypothesis is that additional 
investment in resilient development pathways would result in savings in terms 
of avoided loss and damage to systems, people, and their livelihoods in the 
face of climate change–induced disasters such as flooding or water logging. 
The output of this research is envisaged in terms of a quantified benefit-cost 
ratio or even return on investment. The Institute for Social and Environmental 
Transition-International (ISET-International) joined with Hue University to 
conduct this research for Da Nang city—a tier II city in central Vietnam. As 
established earlier, Da Nang is experiencing rapid urbanization and flooding in 
new development areas throughout the city. 

Cost-benefit analysis allows comparison of the benefits of doing a project, 
implementing policies, or delivering a program to the costs of doing such 
things. It allows a comparison and ranking of alternatives, and it supports 
the decision-making process. Cost-benefit analysis attempts to take into 
consideration all the social well-being that accrues with implementing one, a 

3 Methodology for 
Estimating The Costs 
and Benefits
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few, or all of the interventions, but often this is a challenge and limitations exist 
within any study framework.

The research team utilized a slightly different approach, engaging in a 
probabilistic climate-based cost-benefit analysis. Using historical information 
from past flood events and their associated losses (for households, businesses, 
and public infrastructure; Kull, Singh, Chopde, Wajih & The Risk to Resilience 
Study Team, 2008), we investigated what these losses might be in the future 
due to climate change. Then, we investigated the costs of resilient interventions 
to reduce losses that might occur now and into the future. This is explored 
through the use of scenario planning. In all cases, we explore this through a 
climate change lens, assuming an increase in losses does exist when climate 
change is included.1 Once losses are determined, they are compared to the costs 
of interventions. In this case, we compare the business as usual scenario to the 
resilient pathway scenario. By comparing these losses, we are able to determine 
the overall net benefit of doing things differently to prevent future flooding. The 
following steps were used to conduct probabilistic climate-based cost-benefit 
analysis.

Hazard Assessment
Climate analysis for the project focused on precipitation only. Historical daily 
rainfall data covering the period 1976–2011 for four stations in and surrounding 
Da Nang were purchased from Nha Trang Hydro-Meteorological Forecasting 
Station. Station data were cleaned and underwent several quality control checks. 
Additional historical data covering the period 1961–1975 were accessed from 
the APHRODITE project database (Yatagai et al., 2012) and used to extend 
the historical observation record for Da Nang and the surrounding areas. This 
information was then coupled with global circulation models (GCMs), which 
project how climate might change given changes to human-controlled factors, 
which are accounted for as representative concentration pathways (RCPs) in 
the IPCC 5th Assessment models (Van Vuuren et al., 2011). Because no single 
model can project exact changes to an area’s climate, it is necessary to use 
projections from multiple GCMs, each driven by a couple of RCPs, to capture 
the possible range and trend of changes. Furthermore, climate is a description 
of an area’s average weather over a period of time, typically 30 years. Climate 
change analysis involves comparing the statistics of an area’s particular weather 
as projected for a period in the future that is at least 30 years long with a period 
of historical climate of the same length. We simulated historical rainfall by the 

1 This is supported by the research completed by ISET-International and ARUP (ARUP, 2013).
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GCMs for the period 1961–2005, whereas future projected rainfall for each 
RCP spanned 2006–2065.2

Exposure and Fragility Assessment
The exposure and fragility of the city were estimated based on results of 
hydrology and an urban development simulation model project (Da Nang DoC, 
2013). More specifically, historical, present, and future digital elevation maps 
(DEMs) of Da Nang city were simulated based on current maps. These were 
then overlaid with elevation plans and drainage maps (from June 2011) and 
draft modifications of the Development Plan. For the hydrologic-hydraulic 
model, using the city’s historic flood data (2007, 2009, 2010), historical DEMs, 
and MIKE NAM and MIKE FLOOD models, a set of hydrologic-hydraulic 
parameters were developed, which provided the basis for developing flood maps 
for Da Nang city. 

Impact and Damage Assessment
Impacts of flooding damage were gathered through multiple research methods 
and pieced together utilizing different stratification strategies. 

Secondary data. City-wide flood damage was gathered from the city’s CFSC 
(Da Nang CFSC, 2012). Historical daily rainfall data covering the period 
1976–2011 for Da Nang was collected from Nha Trang Hydro-Meteorological 
Forecasting Station (Opitz-Stapleton & Hawley, 2013).

Household surveys. Flood damage to households was obtained based on 
household surveys conducted in 2009 regarding household flood damage caused 
by flooding in 2007 in adjacent districts, including Dien Ban, Dai Loc, and 
Duy Xuyen (see Brouwer et al., 2010; Navrud, Huu Tuan, & Duc Tinh, 2012).

Shared learning dialogues. Several shared learning dialogues were held in 
Da Nang with stakeholders, including city policy makers, senior officials 
from Da Nang city’s administrative departments (such as the Department of 
Construction, Department of Agriculture and Rural Development, Center of 
Flood and Storm Control, and Department of Transportation), scientists, and 
the private sector (Tran & MacClune, 2014).

2 For further information concerning the climate downscaling used, see Da Nang: Extreme Rainfall  
 and Climate Change by the 2020s & 2050s (Opitz-Stapleton & Hawley, 2013).
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Risk Mitigation Options

To identify the different risk mitigation options, scenario-visioning exercises 
were conducted with key stakeholders via the shared learning dialogue process. 
As discussed in Section 2, the scenarios developed under the resilient scenario 
included:

• Transportation. Includes the addition of high-capacity culverts, elevated 
bridges, and stilts.

• Housing. Includes the addition of plinths to save assets above future flooding 
levels.

• Early warning system. Includes a more comprehensive early warning system 
that has a functional communication system intact to deliver warnings to all 
vulnerable communities that are not delayed due to many layers of bureaucracy. 

Investigation of Costs and Benefits
The benefits accrued in these scenarios are reflected by the damages that 
households, businesses, and governments can avoid. These are mostly 

Table 3 : BENEFITS AND COSTS INCLUDED AND EXCLUDED 

Included Excluded
Household structural, asset, and flow3 
losses due to flooding

Costs associated with 
physiological damage, prolonged 
illness, safety 

Business structural, asset, and flow losses Costs associated with loss of lives
Market rates of current open space land 
available for sale

Costs associated with damage to 
environment and ecosystems

Costs to raise houses on reinforced 
concrete plinths
Drainage plan implementation costs and 
operation and maintenance costs
Public infrastructure losses

3  Flow losses are losses incurred due to lost working days, school days, and so on.
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quantitative damages, but some qualitative values were discussed and shared 
during the shared learning dialogues. Costs were gathered from key informant 
sources and reflect only the quantitative costs associated with different resilient 
measures. (See Table 3.)

Study Parameters
With any cost-benefit analysis, parameters need to be defined to ensure the 
project stays within the bounds of the study and produces relevant results. With 
any project, not everything can be studied; therefore, described below are the 
parameters within which this study was performed.

Study boundary. This study examined the flooding regime within the Cam 
Le District along the lower Vu Gia-Han basin. The study investigated the 
externalities of development to neighboring districts and neighborhoods as 
highlighted in Figure 3 and reported in Appendix 1.1. In addition, the issue 
of identifying the appropriate standings (i.e., whose benefits and costs count?) 
for different resilience pathways are not the same. For each resilience pathway 
option, we will discuss the impacted area separately, as presented in Section 4.

Societal perspective. One of the key issues in a cost-benefit analysis is 
the perspective of the study—which determines the analysis process and 
results. The analysis for this study has been conducted for the impacted area 
(i.e., communes belong to both Da Nang city and Quang Nam province, as 
reported in Appendix 1.1) wherein the (avoided) losses and damages have been 
considered for the household and non household sectors (i.e., businesses, public 
assets, and infrastructures3

4), while the (incremental) costs are those associated 
with the implementation of raised plinth levels by households, road systems 
that allow water flow, and the improvement of Da Nang city’s early warning 
system. Thus while a large part of the costs accrue to the government, the 
benefits are distributed across the society (households and businesses being the 
major beneficiaries). However, for this study, the cost-benefit analysis has been 
done for the urban system as a whole, and the key urban systems that have been 
considered for “resilient” development strategies are discussed next.

Urban systems. In an urban setting, numerous urban systems exist, but in this 
case, we chose to focus on three key urban systems that are impacted by (or 
even influence) urbanization and that play a key role in mitigating the negative 
impacts of climate change–induced hazards. These are:

4 See Appendix 1.3 for the structure of damage to household and non-household sectors.
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1. Shelter: Safe housing is one of the key measures that improve the 
resilience of people in times of disasters such as floods. The benefits from 
having houses that reduce the vulnerability (loss and damages) of people 
were studied. 

2. Transport: Transport systems have a strong influence on where people 
settle and what can be kept as open space—both of which are key factors 
influencing exposure.  

3. Flood risk reduction: Flooding is a major risk in the new development 
area. A key area disaster risk reduction strategy is the implementation of 
early warning systems. 

Hazard. The only hazard investigated during this study is extreme rainfall 
events and their associated flood levels throughout different points in Da 
Nang. These points provided a spatial representation of all Da Nang from high 
elevation to low elevation.

Limitations
As in any case, the greatest limitation on cost-benefit analysis results is the 
quality of the data collected. The discussions below share the many limitations 
that the study team faced while pulling together this research.

Availability of Data

This study mainly used secondary data obtained from local authorities. 
However, in the context of Da Nang, secondary data existed only city wide 
(damage for the city as whole); that is, there was no stratified data for lower 
levels. Therefore, sector data estimates were extrapolated and most likely 
underestimate the true damage associated with flooding. 

For data at the household level, we used household damage data that was 
collected during the 2007 flood in districts near the new development area. In 
order to extrapolate household damage data for other major floods, we needed to 
make the assumption that there was a direct link between flood level and flood 
damage (as assumed in Kull, Singh, Chopde, Wajih & The Risk to Resilience 
Study Team, 2008).
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Quality of Data

The quality of secondary data is another issue. In some cases, reported flood 
damage did not include damage to infrastructures (for example, the flood in 
1999), but in other cases, the damage was overestimated by local authorities as 
a strategy to obtain more support from the central government (like the flood 
damage in 20074

5).

Qualitative Costs and Benefits

Qualitative insights were gathered during the survey process and shared 
learning dialogues. However, due to the challenges with quantifying these 
benefits, the research team has not included them in the overall analysis, 
but shares them in the discussion of critical findings. For example, flood 
risk reduction measures create safer environments for households as well as 
businesses. But how to quantify the physiological benefit of increased safety is a 
challenge. Furthermore, increasing open space within a city contains an indirect 
benefit in that it ensures ecological space within the city that can be used for 
recreation, which creates a healthier city overall. These are benefits the research 
team has not included in the cost-benefit model. Therefore, the study may 
underestimate the overall benefits of flooding reduction.

Determining Depth-Damage Curves

Flooding depth-damage curves are subject to the flood model and its outputs. 
The depth-damage curves were derived utilizing flood levels (assuming that 
flood depth equals flood level). Another issue is that due to lack of data on flood 
damage at the household level for all major floods occurring in the past (i.e., we 
have flood damage at the household level only for the 2007 flood), we have to 
make assumptions of proportional flood damage based on flood levels. This is 
a limitation because in reality flood damage may not be proportional to flood 
level.

5 In the self-reported flood damage due to the 2007 flood, Da Nang’s local authorities seemed to  
 have overstated the flood damage compared to self-reported flood damages cited by other provinces  
 like Quang Nam and Thua Thien Hue.
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Base Case/Current Situation

Estimation of Current Flood Damage

If the planned infilling continues to occur in the southern part of Da Nang, the 
impacts of climate change and urbanization in Da Nang will lead to an increase 
in flooding impacts in the city in the future. The impacted area is identified by a 
red boundary line in Figure 3. The impacted area has a total area of about 55,340 
ha and a population of about 61,865 households (see details in Appendix 1.1).

Major types of damage caused by floods in the impacted area are (i) damage 
to households and (ii) damage to non-household sectors (including businesses, 
public assets and infrastructure, and others). 

Estimation of damage to households 
In this study, damage to households in the impacted area was estimated as follows:

• Estimation of total number of households located in the impacted area (see 
details in Appendix 1.1).

• Estimation of probable flood damage to households in the impacted area.

4 Assessment of Scenarios: 
Cost and Benefits
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To estimate probable flood damage to households in the impacted area, we 
assumed that if a flood at 5% probability (like the flood in 2007) happened, 
what would be the probable damage to households in the study area. In doing 
this, we used the results of the household survey conducted in 2009 with about 
700 households in three adjacent districts—Dien Ban, Duy Xuyen, and Dai 
Loc districts, Quang Nam province (see Navrud, Huu Tuan, & Duc Tinh, 
2012). On average, the damage per household was estimated at VND 3,816,105 
(details of estimated damage per household are presented in Appendix 1.2). 
Flood damage in the impacted area due to a flood at 5% probability was 
estimated, as shown in Table  4.

Figure 3 : BOUNDARY OF IMPACTED AREA

Table 4 : FLOOD DA MAGE IN THE IMPACTED 
AREA DUE TO THE 2007 FLOOD IN 2013 

Number of households Damage per 
household (VND)

Damage to households 
(mil.VND)

61,864.83 3,816,105      236,082.67 

Sources: Navrud, Huu Tuan, & Duc Tinh (2012) and authors’ estimations
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Due to lack of data about flood damage to households caused by other major 
floods,1 we estimated current household annual flood damage by deriving 
household flood damage estimates from major floods that happened from 1999 
to 2010.2 Based on the city-wide flood damage (see Table 1), we estimated 
the city-wide flood damage at 2013 prices (i.e., city-wide damage adjusted for 
inflation). The damage proportion for each flood was estimated, and based 
on this damage proportion, we estimated flood damage to households in the 
impacted area, as shown in Table 5. 

Estimation of damage to non-household sectors
For the case of Da Nang, flood damage data was available for the whole city 
(i.e., city-wide damage), but information concerning damage break down by 
sector was lacking. Results from a Japan International Cooperation Agency 
study (JICA, 2003) show the structure of flood damage caused by the 1999 
flood that occurred in Thua Thien Hue province (see details in Appendix 1.3), 
resulting in 14% damage to households and 86% damage to non-household 

1 We have flood damage data at the household level only for the 2007 flood.
2 The city’s statistics reported only city-wide flood damage for the 1999–2010 period; thus, in order to  
 estimate flood damage for the study area, we needed to take a proportion of the flood damage based  
 on the city-wide flood damage and extrapolate flood damage for the study area.
3 As mentioned in footnote 2, flood damage in 1999 was underestimated and was not comparable with  
 flood damage due to other major floods in the area. For example, JICA (2003) reported that flood  
 damage to public infrastructure in Thua Thien Hue province in 1999 accounted for39% of the total  
 damage. Therefore, for consistent comparability, we adjusted this figure by increasing it by 39%.

Table 5 : FLOOD DA MAGE TO HOUSEHOLDS IN THE 
IMPACTED AREA IN 2013 (UNIT: MIL.V ND) 

Year Flood 
level (m)

Flood 
prob.

City-wide 
damage 

adjusted

Damage to 
households

Annual expected 
damage to 

households
1999 4.28 0.01 7,019,950.003 426,141.61   13,244.49 

2007 3.98 0.05 3,889,060.00 236,082.67   29,009.15 

2009 3.16 0.25 889,700.00 54,008.80   7,805.86 

2010 1.19 0.50 139,000.00 8,438.07 

Annual expected flood damage to households 50,059.49 

Sources: City’s statistics (2012) and authors’ estimations
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sectors. In this study, we assumed that non-household sectors incurred 86% 3

4 of 
the total flood damage. Based on this assumption, we extrapolated the amount 
of flood damage to non-household sectors for the entire city. 

In order to estimate the damage to non-household sectors, we needed to know 
the flood damage caused in the impacted area. However, no such damage data 
exists. Therefore, we made assumptions that flood damage in the study area 
accounts for 75% of the city-wide damage. This assumption is based on the 
fact that the population in the impacted area accounts for about 25% of the 
city’s population and the study area is one of the main watersheds of Da Nang 
affected by floods.

Based on CSFC’s (2012) reported flood damage caused by major floods in the 
1999–2010 period, we estimated the flood damage to non-household sectors for 
the impacted area, as reported in Table 6. 

Estimation of damages in the impacted area
Aggregated flood damage (i.e., damage to both households and non-household 
sectors) is reported in Table 7.

4 Assuming that the structure of flood damage for Da Nang and for Thua Thien Hue province are the  
 same.

Table 6 : FLOOD DA MAGE TO NON-HOUSEHOLD SECTORS 
IN THE IMPACTED AREA IN 2013 (UNIT: BIL.V ND)

Year
Flood 
level 
(m)

Flood 
prob.

City-wide 
damage 

Damage 
in the new 
development 
area

Damage to 
non-house-
holds 

Annual 
damage to 
non-house-
holds

1999 4.28 0.01 7,019.95 5,264.96 4,527.87 140,726.23 

2007 3.98 0.05 3,889.06 2,916.80 2,508.44 308,230.02 

2009 3.16 0.25 889.70 667.28 573.86 82,938.94 

2010 1.19 0.50 139.00 104.25 89.66

Annual expected flood damage to non-households 531,895.19 

Source: City’s statistics and authors’ estimations
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Estimation of flood damage in the upstream areas
In this section, we estimate flood damage in the upstream areas due to 
construction of the Hoa Phuoc–Hoa Khuong road as planned. According to 
results from expert consultations, if the road is built as planned (BAU), it will 
cause flooding (i.e., negative externalities) in the upstream areas of Dien Ban 
and Dai Loc districts and Hoi An town, Quang Nam province. Flood damage 
caused in the upstream areas includes damage to households and damage to 
non-household sectors. 

The area and population that is affected by flooding due to road construction as 
planned in the upstream area was identified based on data reported in Appendix 
1.1. Results show that the impacted area and population of the upstream areas 
equals 56.34% of the impacted area identified above. Estimation of flood 
damage in the upstream areas due to construction of the new road in the 
current situation is reported in Table 8.

Table 7: ESTIMATED ANNUAL FLOOD DA MAGE 
IN THE IMPACTED AREA—BASE CASE

VND mil 
(2013)

USD mil 
(2013)5

Percentage of total 
city-wide damage

Damage to households in 
impacted area 50,059.49 2.38 9%

Damage to non-household 
sectors in impacted area 531,895.19 25.32 91%

Total impacted area damage 581,954.68 27.70 100%

Table 8 : ESTIMATED DA MAGES IN UPSTREA M AREAS DUE 
TO CONSTRUCTION OF NEW ROAD —BASE CASE

VND mil 
(2013)

USD mil 
(2013) 

Percentage of total 
city-wide damage

Damage to households in 
impacted area 50,059.49 2.38 9%

Damage to non-household 
sectors in impacted area 531,895.19 25.32 91%

Total impacted area damage 581,954.68 27.70 100%

5 OANADA Exchange Average, 2013: 21,007.8.
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Business As Usual

Overview

Da Nang is being driven by image and innovation. The city continues to strive 
to become a national example, the “Green City” of the central Vietnamese 
coast. However, centralized planning is still siloed within departments and 
limited coordination between offices is leading to further issues with land use 
planning, and their associated vulnerabilities are becoming more apparent. Key 
leaders within the central city government continue to have all the power, while 
accountability for poor urban planning decisions does not exist. Individuals 
outside the typical governmental institutions have little voice, and even those 
institutions that are key to the planning process, such as the Department of 
Agricultural and Rural Development (DARD), are not being consulted when 
risk assessment plans are developed.

Economic revenue is the key driver to making Da Nang buzz. All aspects of 
the city are focused on short-term objectives of quick land sales to real estate 
developers to gain quick returns. The private sector continues to influence and 
align with many of the technical departments within the city, influencing 
development plans and aligning agendas. Land values have fallen, though, and 
are projected to continue to fall, as the economy continues to recover from the 
2008 recession. Since the majority of the city’s budget is based on land resale, a 
budget crisis is occurring and there is a need to address the deficit from reduced 
land values. Tourism development has become the next key focus area for city 
revenue. Domestic and foreign investors continue to push Da Nang as the next 
tourist destination. There is also a continued push from leaders to make Da 
Nang a high-tech capital, but little traction, incentives, and focus have pushed 
this agenda forward.

Roads, transportation networks, and ports are being built based on old plans 
that have not considered the future impacts of sea level rise, increased rainfall, 
and typhoons. This key development path is not considering the socioeconomic 
impacts that occur with road development and the reality of how Da Nang 
residents follow the road for business opportunities, residing and relocating 
along the roadside. 

Shelter designs have stayed traditional, one-row and two-row homes, with 
little focus on building resilience to future extreme events. Development of 
residential areas continues to expand into the floodplain areas, where real estate 
developers are infilling the land, pushing the flooding further upstream and 
into the next province. Green space is still an objective, in line with the city’s 
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focus on becoming a “Green City,” but the space identified as green will not 
prevent the future impacts of climate change. 

Climate impacts have continued to rise, and rainfall and extreme storm events 
of increasing intensity and frequency batter Da Nang. The city is focused 
on traditional, hard infrastructure flood management solutions and has not 
considered the environmental and societal costs associated with those strategies. 
Additionally, the early warning system is still only partially operational in 
certain areas of the city. 

The New Development Area in the Southern Part of Da Nang City

Business as usual is occurring in the Cam Le and Hoa Vang districts, where 
the adopted housing systems continue to impact water flow. Road construction 
is causing floodwater to stay within the development area and has increased 
flooding in upstream areas. The location has stayed mostly residential; few 
business and mixed-use opportunities have arisen. (See Table  9.)

Table 9 :  DESCR IP TION OF SCENAR IOS IN 
THE NEW DEVELOPMENT AREA

Housing Transport Early warning system

Townhouses are 
increasing in number, 
reducing the land 
for open spaces 
(for water flow and 
floodwater retention), 
and hindering the 
construction of urban 
infrastructure systems.

National Road 1A and 
other highways are being 
constructed across water 
flow paths, limiting the 
drainage system. The Hoa 
Phuoc–Hoa Khuong road6 
is planned to be built in 
the flood waterways and 
will partially block their 
flowing capacity during 
floods.

The early warning 
system continues 
to be less than 
effective. It still lacks 
the institutional 
arrangement needed 
for successful 
implementation and the 
equipment necessary to 
reach this new area. 

6 Detailed information about the Hoa Phuoc–Hoa Khuong road is presented in Appendix 2.1.
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Assumptions for Assessment of Scenarios: Benefits and Costs

Key assumptions are reported in Table 10.

Table 10 : KEY ASSUMP TIONS

Assumption Values (sources)

Population 
increase

For the 2013–2030 period: 1.69%

For the 2030–2050 period: 0.9% 

(Source: Da Nang UPI, 2012)

Annual asset 
increase

1.16% per year 

(Source: City’s household living standards surveys)

Increase in 
exposure and 
decrease in 
fragility

(i) Over time local people use better quality materials 
for housing construction, and increased awareness of 
hazards makes people more prepared. These changes 
reduce the potential future damage experienced by 
households. 

(ii) On average, total assets per household increase over 
time, resulting in an increased exposure of new assets. 

These two assumptions cancel each other out and are not 
taken into consideration in the calculations.

Climate change 
causes an increase 
in flood depth 

Flood level in 2030 (without climate change): 4.58m

Flood level in 2030 (with climate change): 4.76m

Flood level in 2050 (with climate change): 4.82m

Sources: Flood simulation models and Da Nang DoC 
(2013)

The structure of 
flood damage for 
Da Nang and 
Thua Thien Hue 
province is the 
same

Results from a JICA (2003) study show the sectoral 
damage in Thua Thien Hue province caused by the 
1999 flood (see Appendix 1.3). We assumed that the 
non-household sectors in Da Nang incurred 86% of the 
total flood damage.

Direct link exists 
between flood level 
and flood damage

Increase in flood level has a direct link to flood damage 
(i.e., % change in flood level = % change in flood 
damage); see, for example, Kull et al. (2008).
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Estimation of total flood damage in 2030 and 2050 BAU scenarios
According to flood projection models (Da Nang DoC, 2013), if the entire 
southern area of Da Nang is fully developed as planned (per the modifications 
to Da Nang’s Development Plan), climate change and urbanization in Da Nang 
will lead to an increase in water level at Cam Le monitoring station to about 
4.76m. Table 11 reports flood levels in 2013, 2030, and 2050 for a flood at a 5% 
probability.

The increase in water level in 2030 will cause an increase in flood depth in the 
impacted area. Table 12 reports aggregate flood damage in the 2013, 2030, 
and 2050 (BAU) scenarios. Table 13 reports estimated flood damage in the 
impacted area.

Table 11: FLOOD LEVELS IN 2013, 2030, AND 
2050 AT A 5% PROBABILIT Y

Flood probability Flood level (m) in 
2013: current situation

Flood level 
(m) in 2030

Flood level 
(m) in 2050

0.05 3.98 4.767 4.82
Source: Da Nang DoC (2013)

Table 12 : AGGREGATE FLOOD DAMAGE IN 2013, 2030 AND 2050 BAU SCENARIOS (MIL.VND)

Flood 
prob.

Damage in 
base case

Annual 
damage in 
base case

Damage in 
2030

Annual 
damage in 
2030

Damage in 
2050

Annual 
damage in 
2050

0.01 4,954,009.36 153,970.71 6,035,243.11 186,735.76 6,494,924.23 204,205.78 

0.05 2,744,526.37 337,239.17 3,301,544.70 403,058.48 3,715,365.00 442,619.82 

0.25 627,865.30 90,744.80 729,040.14 104,135.72 710,833.22 102,131.58 

0.50 98,093.07 104,045.63 106,219.43 
Annual 
damage 581,954.68  693,929.96 748,957.19 

Notes:
- Damage information includes residential damage in the new development area and residential damage outside the new development area.
- For details of flood damage in 2030 and 2050, see Appendixes 1.4 and 1.5.

7 This flood level in 2030 is for the “with climate change” scenario. For the “without climate change   
 scenario,” the flood level in 2030 is 4.58m.
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Resilient Scenarios
A transformation has occurred. Da Nang city has been announced as Southeast 
Asia’s greenest city, leading the forefront in green, sustainable urban planning 
and enterprise development. City planning processes have become integrated 
and connected, removing the traditional siloing approach that had plagued Da 
Nang city earlier. Key agencies, such as DARD, that are critical in the city’s 
risk planning process have approval authority over final plans. Leaders are 
accountable to their constituents, their peers, and their counterparts, ensuring a 
cohesive and strong voice for progress.

Tourism has grown by 18% per year (for the 2011–2020 period). Economic 
planning for the city has occurred in conjunction with other key stakeholders, 
building long-term objectives and goals that align with sustainable principles 
for continued growth and equity. A new initiative called Green Roads has 
provided waterways for river flow and storm surge by not disrupting the natural 
path of nature, building off the examples of cities such as Amsterdam. The 
private sector no longer has the government in its pocket, is accountable to the 
principles set forth by the leadership of the city, and has begun to integrate 
these principles into its strategic plans. The service industry has become the 

Table 13 :  ESTIMATION OF ANNUAL FLOOD 
DA MAGE IN THE IMPACTED AREA

2030 2050
VND mil 

(2013)
USD mil 

(2013)
VND mil 

(2013)
USD mil 

(2013)

Damage to all sectors in 
new development area

                     
97,865.59 

                        
4.66 

                   
105,626.13 

                                
5.03 

Damage to all 
sectors outside new 
development area 
(upstream areas)

596,064.37 28.37 643,331.06                          
30.62 

Total impacted area 
damage 693,929.96 33.03 748,957.19 35.65 

Sources: City’s statistics and authors’ estimations
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largest employer of Da Nang residents, the city has expanded to house all of 
these residents, and it is now connected by mass rapid transit. 

Residential areas, office parks, and industrial zones all incorporate green spaces 
that allow for waterways and recreational areas. These areas are key icons of 
the city, creating a sense of place throughout. Reservoir best management and 
best practices have been institutionalized, and water resource constraints no 
longer occur. Any new land use development must go through environmental 
impact assessment processes facilitated by a joint agency commission, and 
this commission works to ensure that environmental rules and regulations are 
followed. 

Road systems that are planned for the city integrate a “smart design” that allows 
water to flow easily and removes negative flooding impacts. Road materials used 
integrate permeable surface technology that allows rainfall to seep through the 
structure and recharge the groundwater system. The early warning system that 
was only partially complete has been fully integrated and the system reaches 
100% of Da Nang’s citizens. Additionally, capacity building of key staff has 
occurred. 

Climate change is still an issue, with increased intensity and frequency of 
rainfall and typhoons is out of the control of Da Nang residents. However, with 
key sustainable and resilient principles driving the city’s development, climate 
impacts are variable at best. Effective strategies to cope with these impacts and 
to evacuate when they become too extreme have saved many lives. 

Cost and Benefits of Resilient Scenarios: Residential

The cost of raised plinths for houses
There are four types of costs associated with the raised plinth option: 
operational, construction labor, capital, and materials. 

The cost of a raised house plinth is accrued to private households located in 
the new development area (i.e., including the Hoa Tien, Hoa Chau, Hoa 
Phuoc, and Hoa Xuan wards in the Cam Le and Hoa Vang districts). It mainly 
comprises the cost of buying the soil used for infilling the house plinth, plus 
other costs, such as the cost of transporting the soil and the cost of landfill that 
private developers or households could invest in to avoid flood damage. 
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The benefits of raised plinths
Raised plinths ensure that households avoid damages such as asset losses 
and housing structural losses, which the research team suggests would be 
accomplished only in the new development area8.  Avoided damages are 
calculated by comparing the amount of assets saved by raising the house plinth 
to assets not saved by not raising the house plinth. 

Cost and Benefits of Resilient Scenarios: Road Construction

The cost of a raised road
The cost of a raised road is based on the proposed Hoa Phuoc–Hoa Khuong 
road project (see details in Appendix 2.1). More specifically, we compared the 
cost of raising the road (resilient pathway: RP) to the cost of building the Hoa 
Phuoc–Hoa Khuong road as currently planned (BAU).

The benefits of a raised road
The benefit of the resilient option is the reduction in damage due to raising the 
road. The flood damage reduction is the difference between flood damage with 
building the road as planned (BAU) and reduced flood damage with raising the 
road (RP). The impacted area is as identified previously.

If the road is built as planned, the damage cost will be incurred by the impacted 
area due to an increase in flood depth (i.e., negative externality in upstream 
areas). According to the feasibility study for building the Hoa Phuoc–Hoa 
Khuong road project (TECCO5, 2014), if the road is built as planned, it will 
cause flooding in the upstream areas of Dien Ban and Dai Loc districts and Hoi 
An town, Quang Nam province. This means that the impacted area in this case 
is the upstream areas, including a number of communes in the Dien Ban and 
Dai Loc districts of Quang Nam province (see Appendix 1.1). 

Cost and Benefits of Resilient Scenarios: Early Warning System

The cost to improve the current early warning system
The cost to improve the current early warning system comprises both 
investment costs and operation costs for the implementation of an improved 
EWS, as proposed by the local authority (i.e., Da Nang’s CFSC, 2013) in the 
study area.

 

8 We have assumed that only households in the new development will have raised plinths.
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The benefits of an improved early warning system 
The benefit of implementing an improved EWS is a reduction in flood damage. 
This reduction is the difference between flood damage without an improved 
EWS (BAU) and flood damage with an improved EWS (RP) in the impacted 
area. The impacted area in this case is the area identified in Figure 3. 
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5 Scenario Comparisons

In this section, we estimate the benefits and costs of the three pathways (i.e., 
housing, road, and EWS) and compare the business as usual (BAU) scenario 
against the resilient (RP) scenarios. 

Cost and Benefits of Residential
Identification of risk reduction options (RP) for residential
Through the use of visioning exercises with key stakeholders, risk reduction 
options were identified that could reduce the overall risk to this area from 
flooding, currently and in the future. The option of raised house plinth1 was 
selected.

1 Two options were considered as a model for living with floods in the study area: (i) raised house plinth  
 and (ii) building house on stilts. According to the results of the local expert’s consultations, the second  
 option (building house on stilts) is not realistic in practice for local flooding resilience. Therefore, in  
 this Study, only the first option of raised house plinth was selected for a cost-benefit analysis. 
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Estimated cost of raised house plinth for residential area
As mentioned on page 33, the associated cost for a raised house plinth is the 
investment cost that private developers and households incur when opting for a 
raised house plinth to avoid flooding in the new development area.

To estimate the cost of a raised house plinth, we need to know the following: 
(i) average floor area per household, (ii) number of households that need to be 
raised, (iii) the height (m) of house plinth to be raised, and (iv) the expenditure 
per m3. The total cost for raising the house plinth is (i)×(ii)×(iii)×(iv). Table 
14 shows the estimated costs associated with a raised house plinth in the new 
development area.

Estimating the benefits of raised house plinth
The benefits associated with raising plinths are reductions of those losses, assets 
and structural, that would otherwise occur to the house due to floodwater 
penetration and water logging. Flood damage to residences in the new 
development area was estimated the same way as in Section 4. The number of 
households reported in the new study area can be found in Appendix 2.1.

The flood damage with pathway resilience (i.e., damage to households that 
are still affected by floods) is based on the assumption that if the city’s master 
plan was fully implemented (BAU), 32.45% of the residential area would be 
inundated by a flood at p=5% (Tran, Tran & Tran, 2014). Damage reduction 

Table 14 : ESTIMATED COSTS ASSOCIATED 
W ITH R AISED HOUSE PLINTH IN 2013

Cost items Values
(i)   Average floor area per household (m2)* 70.44
(ii)  Number of households needing to be raised** 4,473.14 
(iii) Height of house plinth to be raised (m)*** 0.7
(iv) Expenditure per m3  (VND/m3)**** 144,608.00
Total cost for raised house plinth (mil.VND) 31,894.97 

Notes:
* Based on results of the household survey in 2013 in Da Nang city (see “Sheltering from a gathering storm: 
Typhoon resilience in Vietnam” Tran, Tran & Tran, 2014).
** This is calculated based on the fact that 32.45% of the area will be inundated by a flood at 5% probability 
in the current condition (Tran, Tran & Tran, 2014). Total number of households located in the area is 
13,785 (see Appendix 2.1). We assume that households in the area are proportionally distributed. 
*** It is generally observed that local people usually raise their house plinths from a height of 0.5 m to 0.8m, 
and we assume that the house plinth will be raised to a height of about 0.7m.
**** For expenditure per m3 for raised house plinth, see Appendix 2.2.
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(i.e., the benefits) and annual damage reduction due to raised house plinth were 
estimated, and the results are reported in Table 15.

Estimation of flood damage to households in 2030 and 2050 is done in the 
same way as the estimations in Section 1 (note that the study area is the new 
development area and the analysis is focused on flood damage to households 
only). Results of flood damage to residences in 2030 and 2050 (BAU) and flood 
damage reduction in the 2030 and 2050 (RP) scenarios are reported in Table 15.  

Figure 4 presents flood damage and damage reduction curves due to raised 
house plinth in 2013 (i.e., the base case). Figures 5 and 6 present damage 
reductions (i.e., the benefits) for the 2030 and 2050 scenarios. 

Table 15 : ESTIMATED ANNUAL DA MAGE TO HOUSEHOLDS IN NEW DEVELOPMENT 
AREA W ITH AND W ITHOUT R AISED PLINTH (UNIT: MIL.V ND)

Damage to 
households (BAU)

Damage to 
households (RP)

Average annual damage 
reduction due to raised plinth

Base case 11,154.25 5,555.51 5,599.29
2030 18,228.70 6,392.39 11,836.31
2050 25,245.91 6,727.36 18,518.55

Sources: Da Nang CFSC (2012) and authors’ calculations
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Figure 4 : FLOOD DA MAGE AND DA MAGE REDUCTION CURVES 
DUE TO R AISED HOUSE PLINTH FOR THE BASE CASE 
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Figure 5 : FLOOD DA MAGE REDUCTION CURVE DUE TO 
R AISED HOUSE PLINTH FOR THE 2030 SCENAR IO 
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Figure 6 : FLOOD DA MAGE REDUCTION CURVE DUE TO 
R AISED HOUSE PLINTH FOR THE 2050 SCENAR IO 
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Table 16 : ASSUMP TIONS FOR R AISED HOUSE PLINTH

Assumption
Lifetime in years 30
Annual benefit (annual damage reduction) 5,599.29
Investment costs (mil.VND) -31,894.97
O&M costs (8% of investment cost) -2,551.60
Discount rate 10%

Table 17: BENEFIT-COST R ATIO FOR R AISED HOUSE PLINTH

Economic return
NPV 2,434.67 
IRR 11%
BCR  1.04 

Calculation of the benefit-cost ratio for raised house plinth
To calculate the benefit-cost ratio for the raised house plinth option in the 
base case (2013), several assumptions were made, as presented in Table 16. The 
benefit-cost ratio for the raised house plinth in the base case is reported in Table 
17.

Cost and Benefits of Road Construction
Identification of flood risk reduction option (i.e., raised road) 
As mentioned in Section 4, the flood risk reduction option for road construction 
is based on the Hoa Phuoc–Hoa Khuong road project. In this section we 
compare a raised road (RP) to building the road as planned (BAU).

According to results from expert consultations, if the Hoa Phuoc–Hoa Khuong 
road is built as planned (BAU), it will cause flooding in the upstream areas of 
Dien Ban and Dai Loc districts and Hoi An town, Quang Nam province. To 
reduce flood damage in upstream areas, a resilient option of raising the road 
(RP) was proposed. This option would allow water to flow and avoid flooding 
caused by the road in the upstream areas.
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Estimation of benefits (damage reduced) due to raised road
The benefit of a raised road (RP) is damage reduction in the upstream areas. 
This is the benefit (damage reduced) derived from a flood at 5% probability like 
the 2007 flood. 

Comparing the flood depth caused by a 5% probability flood in the building 
the road as planned scenario (BAU) and the raised road scenario (RP) shows 
that flood depth increases 0.33m, on average (see details in Appendix 3.2). This 
means that with a raised road (RP), the flood depth would be reduced by 0.33m 
as compared to the option of building the road as planned (BAU). 

We have assumed that there is a linear relationship between flood depth and 
flood damage. We estimated the total flood damage (due to a 5% probability 
flood) in the upstream areas for building the road as planned (BAU) and raised 
road (RP) options. The flood damage and damage reduction due to a raised 
road in the upstream areas are estimated and reported in Table 18.

Figure 7 presents flood damage and damage reduction due to raised road 
for the base case (2013). Figures 8 and 9 present flood damage and damage 
reduction due to raised road for the 2030 and 2050 scenarios.

Table 18 : FLOOD DA MAGE AND DA MAGE REDUCTION 
DUE TO R AISED ROAD IN THE UPSTREA M 

Damage (BAU) Damage (RP) Average annual damage 
reduction due to raised road

Base case 327,877.29 300,691.87 27,185.42
2030 525,026.19 481,494.42 43,531.77
2050 714,984.03 655,702.14 59,281.90
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Figure 8 : FLOOD DA MAGE REDUCTION (I.E., THE BENEFIT) 
CURVE DUE TO R AISED ROAD FOR THE 2030 SCENAR IO
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Figure 9 : FLOOD DA MAGE REDUCTION (I.E., THE BENEFIT) 
CURVE DUE TO R AISED ROAD FOR THE 2050 SCENAR IO

Calculation of the benefit-cost ratio for road construction
To calculate the benefit-cost ratio for raised road in the base case (i.e., 2013), a 
number of assumptions were made, as presented in Table 19. The benefit-cost 
ratio for a raised road in the base case is reported in Table 20.

Table 19 : ASSUMP TIONS FOR R AISED ROAD

Assumption
Cost of building road as planned: without resilience (mil.
VND) 1,126,062

Cost of raised road: with resilience (mil.VND) 1,298,009
The cost: incremental costs (mil.VND) -171,947
The benefit: annual damage reduced (mil.VND) 27,185.42
Interest rate 10%
Annual O&M cost: 5% of extra construction cost (mil.
VND)

                              
-8,597.35

Lifetime of the project in years 70
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Table 20 : BENEFIT-COST R ATIO FOR R AISED ROAD

Economic return
NPV (mil.VND) 40,884 
IRR 13%
BCR 1.16

Cost and Benefits to Improve the Early Warning System
Risk reduction option (i.e., improved EWS) and its associated costs
Implementation of the improved early warning system was considered as a flood 
reduction measure (see details in Appendix 4.1). According to the city’s CFSC 
(2013), in 2013 the CFSC proposed to improve the flood EWS in the study 
area at a total cost of VND 7,699,259,000 (or USD 366,631.38).2

Estimation of flood damage due to past floods 
The impacted area is identified in Figure 3. The two types of flood damage are 
damage to households and damage to non-household sectors.  The estimation 
of flood damage was done as in Section 4. Total flood damage is reported in 
Tables 5 and 6. 

Estimation of benefits (i.e., damage reduction) due to improved EWS
The benefits of implementing the improved EWS are those avoided damages 
discussed previously. They are the difference between flood damage without an 
improved EWS (BAU) and flood damage with an improved EWS (RP) in the 
impacted area. 

For the damage reduction (i.e., the benefit) due to the EWS in 2013, there was 
no information about how the effectiveness of the EWS has an impact (i.e., 
information about how much an EWS could reduce flood damage does not 
exist). From the literature review, we find that an effective EWS can reduce 
flood damage by 25% (cited in Hawley, Moench & Sabbag, 2012). Based on 
this finding, in our study we assumed several levels of flood damage reduction 
due to improvement of the current EWS (RP), as detailed in Appendix 4.2.

It is noted that the most important benefit of an EWS is saved lives, but this 
study does not take that into consideration.

2 According to the CFSC’s experts, a comprehensive early warning system for Da Nang would be  
 five times higher than this.
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Table 21: FLOOD DA MAGE AND FLOOD DA MAGE REDUCTION DUE 
TO IMPROVED EWS IN THE IMPACTED AREA (UNIT: MIL.V ND)

Damage (BAU) Damage (RP)
Average annual damage 
reduction due to 
improved EWS

Base case 581,954.68 505,070.44 76,884.24
2030 931,877.44 815,577.10 116,300.34
2050 1,269,036.67 1,114,156.65 159,553.77 

Table 21 presents flood damage in the study area in 2013 with BAU and RP 
and flood damage reduction (i.e., the benefit) due to improved EWS.  

Figure 10 presents flood damage and damage reduction due to improved 
EWS in the base case (i.e., 2013). Figures 11 and 12 present flood damage and 
damage reduction (i.e., the benefits) due to improved EWS in the 2030 and 
2050 scenarios. 
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Figure 10 : FLOOD DA MAGE AND FLOOD DA MAGE 
REDUCTION DUE TO IMPROVED EWS IN THE BASE CASE
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Calculation of the benefit-cost ratio for improved EWS
The assumptions made in calculating the benefit-cost ratio for improved EWS 
in the base case are reported in Table 22. The benefit-cost ratio of the EWS in 
the base case is reported in Table 23.

Table 22 : ASSUMP TIONS FOR IMPROVED EWS

Assumption
Lifetime in years 20
Annual benefit (mil.VND) 76,884.24
Costs (mil.VND)  -23,098
O&M costs, per year (20%) -4,619.56
Discount rate 10%           

Table 23 : BENEFIT-COST R ATIO FOR AN IMPROVED EWS

Economic return
NPV 507,350.98 
IRR -
BCR 9.13
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The development of Da Nang city in the floodplain areas of the lower Vu 
Gia-Han basin creates a bottleneck in the flow of water into the east and 
reduces retention capacity. This causes increased flooding in vulnerable 
communes in the upstream areas of Quang Nam province and in the existing 
flood-prone areas in Da Nang city. With extreme rainfall, floodwater will 
back up behind roads and will overtop the filled residential areas within the 
floodplain. To reduce the current flood risks and increase resilience to future 
climate change, we offer resilient pathways for three sectors: housing, roads, and 
flood risk reduction.

Detailed analysis of the costs and benefits of the pathways for these three 
sectors in the new development area in the southern part of Da Nang city show 
significant differences in economic returns. However, in all cases, the results 
show that investment in resilient pathways is socially desirable.

Among the three resilient pathways, the benefit-cost ratios show that an 
improved early warning system is the most economically efficient option (BCR 
= 9.13), followed by raised road (BCR = 1.16), and then raised house plinth 
(BCR = 1.04). These findings suggest that future investment in soft resilience 

6  Critical Findings
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measures, or nonstructural interventions, is more economically efficient as 
compared to investment in hard resilience measures.

Improving the early warning system is economically the best option for 
increasing the resilience of development in the city and should be considered 
the highest priority. In practice, in order for the system to work effectively, 
it requires an integrated flood management perspective, involving the 
participation of different stakeholders and coordination of cross-sectors in the 
decision making process. Areas to consider could include the integration of 
land and water management; the integration of dams, dikes, and reservoirs 
management; the integration of forecasting and warnings; a review of housing 
and building codes; and the preservation of the natural resources of the 
floodplains.

The benefit-cost ratio for raised house plinth is marginal. It is worth noting 
that a raised house plinth in the new development area does not cause external 
flooding in other areas because the proportion of households implementing 
this option is small. However, in the future, when more households adopt this 
option, the negative externalities of flooding cannot be avoided. Therefore, 
the raised house plinth option is not recommended for future development. 
Regarding solutions for the housing sector, during the process of scenario 
development, we realized that soft measures such as the use of flood-resilient 
materials for the first-floor and designs that have multi-function uses prevents 
blockage of the water flow during the flood season.1

1 There are no data available with which to calculate the costs and benefits of these soft measures for  
 housing resilience.
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Appendix

Appendix 1

Province District Commune
No. of 
HHi

Study 
areaii

Total 
areaiii

% of 
study 
areaiv

No. of HH 
in the study 
areav

Da Nang                      HaiChau HaiChau1                      3100 26 128 0.20 629.69 

Da Nang                      HaiChau ThachThang 3369 46 119 0.39 1,302.30 

Da Nang                      HaiChau ThuanPhuoc 2826 59 84 0.70 1,984.93 

Da Nang                      HaiChau BinhThuan 2661 5 59 0.08 225.51 

Da Nang                      HaiChau HoaThuan 5126 24 956 0.03 128.69 

Da Nang                      HaiChau PhuocNinh 2586 16 79 0.20 523.75 

Da Nang                      HaiChau BinhHien 2430 9 61 0.15 358.52 

Da Nang                      HaiChau HoaCuong 5683 560 641 0.87 4,964.87 

Da Nang                      HaiChau KhueTrung 2787 372 402 0.93 2,579.01 

Da Nang                       Son Tra An HaiTay 2422 134 134 1.00 2,422.00 

Da Nang                       Son Tra An HaiBac 3422 145 275 0.53 1,804.33 

Da Nang                       Son Tra N.H.Dong 2505 65 88 0.74 1,850.28 

Da Nang                      Son Tra PhuocMy 2214 0 289 -   -   

Da Nang                      Son Tra An HaiDong 3096 46 70 0.66 2,034.51 

Da Nang                      N.H Son                 Bac My An                       4693 431 938 0.46 2,156.38 

Da Nang                      N.H Son                 HoaQuy 2136 1311 1311 1.00 2,136.00 

Da Nang                      N.H Son                 HoaHai 2935 644 1290 0.50 1,465.22 

Da Nang                      HoaVang HoaTho 3518 772 1505 0.51 1,804.58 

Appendix 1.1 Study area and number 
of households in the study area
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Da Nang                      HoaVang HoaTien 3186 1131 1131 1.00 3,186.00 

Da Nang                      HoaVang HoaChau 2386 904 904 1.00 2,386.00 

Da Nang                      HoaVang HoaPhuoc 1999 842 842 1.00 1,999.00 

Da Nang                      HoaVang HoaXuan 2222 1082 1082 1.00 2,222.00 

Da Nang                      HoaVang HoaNhon 2626 226 3571 0.06 166.19 

Da Nang                      HoaVang HoaPhong 3143 1445 1756 0.82 2,586.35 

Da Nang                      HoaVang HoaKhuong 2419 1773 4419 0.40 970.56 

Da Nang                      HoaVang HoaPhu 900 2 8913 0.00 0.20 

QuangNam Dai Loc TT. Ai 
Nghia 3896 828 857 0.97 3,764.16 

QuangNam Dai Loc Dai  Nghia 2669 240 3429 0.07 186.81 

QuangNam Dai Loc Dai Hiep 1967 1375 2752 0.50 982.79 

QuangNam Dai Loc Dai Cuong 2150 2 930 0.00 4.62 

QuangNam Dai Loc Dai Hoa 3373 68 1412 0.05 162.44 

QuangNam DienBan DienTien 1824 1670 1670 1.00 1,824.00 

QuangNam DienBan DienHoa 2610 1713 1713 1.00 2,610.00 

QuangNam DienBan DienThang 4015 1416 1416 1.00 4,015.00 

QuangNam DienBan DienNgoc 3195 1528 2110 0.72 2,313.73 

uang Nam                       DienBan DienHong 2987 822 1433 0.57  1,713.41 

QuangNam DienBan DienTho 3062 664 1611 0.41  1,262.05 

QuangNam DienBan DienPhuoc 2844 77 1322 0.06  165.65 

QuangNam DienBan DienAn 2848 263 1396 0.19  536.55 

QuangNam DienBan DienNam 4013 244 2242 0.11  436.74 

Total 55,340 61,864.83 

Sources: DaNang and Quangnam statistics

Notes:
i. Number of households in communes, wards
ii. Total area located in the study site (hectare)
iii. Total area of the commune/ward (hectare)
iv. Percentage of the study area (ie, = (ii)/(iii))
v. Number of households in the study area (ie., =(i)*(iv)). This is based on the assumption that 

households are proportionally distributed in the area of communes/wards.
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Appendix 1.2 Average damage to households 
due to the 2007 f lood (VND)

Type of damage Mean %

Damage to crops 983,423 25.8

Damage to livestock 849,646 22.3

Damage to aquaculture 160,765 4.2

Damage to family-based industry and service 6884 0.2

Damage to housing 1,492,152 39.1

Damage to family assets 117,625 3.1
Damage to household due to public 
infrastructure 207,599 5.4

Damage to households (on average) 3,816,105 100

Sources: Navrud, Huu Tuan, & DucTinh, 2012

Appendix 1.3 The structure of the 1999 
f lood damage in TTH province

Items Damage (mil. VND) Damage (%)

Flood, storm prevention structure and 
infrastructure 481,122.90 0.28

Damages to business 523,548.70 0.30

Damages to welfare, cultural 
structure 86,227.30 0.05

Damage to households 235,921.80 0.14

Other damaged assets 419,585.00 0.24

TOTAL 1,746,405.70 1.00

Sources: JICA, 2003
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Appendix 1.4 Estimation of f lood damage in 2030

Flood 
prob.

Flood 
level 
(m)

% change 
in flood 
level due 
to climate 
changea

% 
Physical 
changeb

% 
change 
in 
flooded 
areac

% total 
changed

Damage in 
2013

Damage in 
2030e

0.01 4.28 0.30 4,954,009.36 6,035,243.11 

0.05 3.98 0.15 0.48 0.32 0.20 2,744,526.37 3,301,544.70 

0.25 3.16 0.07 627,865.30 729,040.14 

0.50 1.19 -0.05 98,093.07 104,045.63 

Notes:

a. See Da Nang DoC (2013).
b. See assumptions in table 5.
c. In 2030 32% of the area is flooded by a 5% probability flood (Tran, Tran & Tran, 2014)
d. % total change in 2030 = (% climate change + % physical change)* % change in flooded area.
e. Damage in 2030 = Damage in 2013 *(1 + % total change in 2030);  Assume % change in flood level = 

% change in flood damage

Appendix 1.5 Estimation of f lood damage in 2050*

Flood 
prob.

% change 
in rainfall

% 
change 
in CC

% 
physical 
change

% 
change 
in 
flooded 
area

% total 
change

Damage in 
2013

Damage in 
2050

0.01 30.60 0.38 4,954,009.36 6,494,924.23 

0.05 34.80 0.21 1.05 0.28 35.37 2,744,526.37 3,715,365.00 

0.25 13.00        
0.28 627,865.30 710,833.22 

0.50 8.15  0.11 98,093.07 106,219.43 

* Same way for calculation of damage in 2030.
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Appendix 2 Raised House 
Plinth—Assumptions 
and Metrics

Appendix 2.1 Population and number of 
households in the new development area

Ward Population No. of households

HoaTien 14,651 4,151

HoaChau 11,017 3,232

HoaPhuoc 9,801 2,800

HoaXuan 12,605 3,601

Total 48,074 13,785

Source: Da Nang’s Statistical Yearbook, 2010

Appendix 2.2 Expenditure per cubic 
meter of raising house plinth

Items (expenditure per m3) Amounts (VND)

Leveling land/soil 9,950.00

Compacting  land 6,898.00

Buying land/soil 95,732.00

Transport cost 32,028.00

Expenditures per m3 144,608.00

Sources: gathering from real estate companies in 2014
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Appendix 3 Road 
Construction—
Assumptions and Metrics

Appendix 3.1 Description of Hoa Phuoc–Hoa KhuongRoad
The “Hoa Phuoc–Hoa Khuong Road Project” is a component of the “Da Nang 
Sustainable City Development Project.”

According to the Project document, Hoa Phuoc–Hoa Khuong Road Project 
aims to contribute to promoting the development of urban areas in the south of 
the City, connecting traffic between the southern areas, eastern coastal region 
to the city center; and at the same time, contribute to urban renewal, population 
distribution, to encourage the people to come and live in new urban areas in the 
south of the City, reducing the population density in the center area and the 
impacts of East-West Economic Corridor, foreign investment and increasing 
the economic growth of Da Nang City (see the figure below).

MAP OF PROPOSED ROAD

Source: TECCO5, 2014
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Scale and Standards of the Route

If building road as planned, scale and technical standards for Hoa Phuoc–Hoa 
Khuong Road, ratified in the Notification No.116/TB-VP dated May 12, 2012 
by the Office of Da Nang City People’s Committee as follows:

No. Norms Unit Proposed standard

1 Classification Main street in 
secondary urban

2 Design speed on the route km/h 70

3 Cross-section of road m 34.0

Width of road pavement m 10 x 2 = 20.0

Width of median m 0.5 + 3 +0.5

Width of sidewalk m 5.0 x 2

4 Bridge width m 26.3

Width of road pavement m 10.5 x 2 = 21.0

Width of median m 1.3

Width of sidewalk m 2.0 x 2

Source: TECCO5, 2014
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Appendix 3.2 Flood depths between building the 
road as planned (BAU) and raised road (RP)

Session P5% with BAU 
(m) P5% with RP (m) Difference in 

flood depth (m)
Km0+650 4.02 4.32 0.30

Km1+100 4.04 4.34 0.30

Km1+500 4.08 4.38 0.30

Km1+800 4.11 4.41 0.30

Km2+000 4.13 4.43 0.30

Km2+500 4.18 4.48 0.30

Km3+600 4.69 5.04 0.35

Km4+000 4.73 5.08 0.35

Km4+500 4.78 5.13 0.35

Km5+200 4.84 5.19 0.35

Km6+100 4.92 5.27 0.35

Km6+500 4.98 5.33 0.35

Km7+000 5.08 5.43 0.35

Km7+600 5.20 5.55 0.35

Km7+900 5.26 5.61 0.35

Average difference in flood depth 0.33
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Appendix 4 Early 
Warning System—
Assumptions andMetrics 

Appendix 4.1 Description of the early warning system

In 2013, the Da Nang CFSC proposed to implement an EWS in Da Nang city 
to improve the capacity of the current EWS for the southern area of Da Nang 
city. The boundary of the improved EWS is highlighted by the red line in the 
figure below.

Sources: Da Nang’s CFSC (2013)

MAP OF STUDY AREA FOR THE EWS
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Appendix 4.2 Assumptionsof the rate of f lood damage 
reduction due to improved early warning system

Assumptions1: for a historical flood like the 1999 flood: 5% damage reduction; 
for a big flood like the 2007 flood: 10% damage reduction; for smaller floods: 
25% damage reduction for a flood with 25% probability and 30% for a flood 
with 50% probability.

1 It was often observed that an EWS effectively reduced flood damage, but for a big flood, an EWS was  
 only effective in reducing loss of life but not very effective in reducing households damages.

Year Flood probability % damage 
reduction

1999 0.01 5

2007 0.05 10

2009 0.25 25

2010 0.50 30
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