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Key Terms
Adaptation

Actions taken in response to actual or projected climate change and impacts that lead to a
reduction in risks or a realization of benefits. A distinction can be made between a planned or
anticipatory approach to adaptation (i.e. risk treatments) and an approach that relies on unplanned
or reactive adjustments.

Adaptive
capacity

The capacity of an organization or system to moderate the risks of climate change or to realise
benefits, through changes in its characteristics or behaviour. Adaptive capacity can be an inherent
property or it could have been developed as a result of previous policy, planning or design decisions
of the organisation.

Climate
change

Climate change refers to a change of climate that is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and that is in addition to natural
climate variability observed over comparable time periods (United Nations Framework Convention
on Climate Change).

Climate
scenario

A coherent, plausible but often simplified description of a possible future climate (simply, average
weather). A climate scenario should not be viewed as a prediction of the future climate. Rather, it
provides a means of understanding the potential impacts of climate change, and identifying the
potential risks and opportunities created by an uncertain future climate.

Climatic
vulnerability

Climatic vulnerability is defined by the IPCC as “the degree to which a system is susceptible to, and
unable to cope with, adverse effects of climate change, including climate variability and extremes.
Vulnerability is a function of the character, magnitude, and rate of climate change and variation to
which a system is exposed, its sensitivity, and its adaptive capacity”.

Hazard

A physically defined source of potential harm, or a situation with a potential for causing harm, in
terms of human injury; damage to health, property, the environment, and other things of value; or
some combination of these.

Mitigation

A human intervention to actively reduce the production of greenhouse gas emissions (reducing
energy consumption in transport, construction, at home, at work, etc.), or to remove the
greenhouse gases from the atmosphere (sequestration).

Resilience

A measure of the current ability of a community to resist, absorb, and recover from the effects of
hazards, by quickly preserving or restoring its essential basic structures, functions and identity.

Risk

Risk is defined in general terms as the product of the frequency (or likelihood) of a particular event
and the consequence of that event, be it in terms of lives lost, financial cost and/or environmental
impact.

Sensitivity

Refers to the degree to which a system is affected, either adversely or beneficially, by climate
related variables including means, extremes and variability.

Exposure

Defines the likelihood of a community being affected by a hazard. This is determined by GIS
modelling and mapping of the predicted extent of hazards.

Vulnerability

Vulnerability is a function of risk and response capacity. It is a combination of the physical
parameter of the hazards and its consequences such as personal injuries, degradation of buildings
and infrastructure and functional perturbations. It may vary depending on non physical factors such
as emergency preparation, education and recovery capacity.
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EXECUTIVE SUMMARY
Overview
The Asian Development Bank (ADB) engaged Sinclair Knight Merz (SKM), in association with
Center for Environmental Research (CENRE) under the Vietnam Institute of Meteorology, Hydrology
and Environment (IMHEN), Acclimatise and University of Newcastle, Australia to undertake ‘Part A’
of the Climate Change Impact and Adaptation Study in the Mekong Delta (TA 7377 – VIE).
This Report is one of two products that represent the culmination of Part A of the Climate Change
Prediction and Impact Assessment study. This report ‘Climate Change Vulnerability & Risk
Assessment Study for Ca Mau and Kien Giang Provinces, Vietnam’ presents three key outputs: an
identification of future climate conditions in the Mekong Delta region; an assessment of the effects of
future climate scenarios on natural, social, and economic systems in the Mekong Delta region; and a
baseline analysis of existing climate change capacity within the Government. It provides practical
measures that provincial and district administrations can take to inform and strengthen their programs.
Importantly, it addresses factors which may constrain or limit collaborative action between
communities, leaders, experts and development partners and identifies themes and strategies for
follow up work to be completed in Part B of the Project.
Part B of the Climate Change Impact and Adaptation Study will commence in early 2012, and will
focus on the identification of appropriate climate change adaptation measures for target provinces and
targeted regional sectors; and the development of pilot projects for up-scaling and replication of
Technical Assistance (TA) outcomes and support to collaborative mechanisms for information sharing
and coordinated action on climate change.
A fundamental principle of the project is the implementation of a participatory approach involving
national and provincial government representatives. With this in mind, a second ‘knowledge product’,
an atlas outlining the key findings of the project at a province level and for each district was also
produced. It is expected that the atlas which contains maps of the projected impacts of climate change
and of present and projected vulnerability will be an important tool for policy makers at national,
provincial and district level.
Target Provinces
Ca Mau and Kien Giang are the two most southern provinces of Vietnam. The economies of both
provinces are primarily based on agriculture, aquaculture, fishing and primary industries. Twenty
four districts from the two provinces were considered in the scope of this assessment.
Stakeholder consultations and field surveys were conducted in all districts, including:
Ca Mau City, Cai Nuoc, Dam Doi, Nam Can, Ngoc Hien, Phu Tan, Thoi Binh, Tran Van Thoi and U
Minh districts in Ca Mau province; and
Rach Gia City, Ha Tien, An Bien, An Minh, Chau Thanh, Giang Thanh, Giong Rieng, Go Quao, Hon
Dat, Kien Luong, Tan Hiep, U Minh Thuong, Vinh Thuan and the island districts of Kien Hai and Phu
Quoc in Kien Giang province.
Tasks and objectives
The methodologies and key activities of the Technical Assistance brief for the project (Appendix 8).
Part A of the project was expected to cover outputs 1 and 2. Outputs 3 and 4 will be completed in part
B and while output 5 is commenced in Part A it will be completed in more detail in Part B. The
relevant outputs and extent to which this study has achieved the expected outputs is described below.
Output 1: identification of future climate conditions in the Mekong Delta region
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Modelling future climate change scenarios in 2030 and 2050, building on work already carried out by
the Ministry of Natural Resources and Environment (MONRE) and donors, and using Global
circulation models, regional downscaled models, and local and international climate data as
appropriate. Modelling activities will be undertaken initially at the regional level with more detailed
modelling carried out for the regional target sectors and provinces. Modelling will investigate threats
related to; rising sea level, rainfall patterns (including drought frequency), temperature patterns,
salinity patterns, and storm surge.
This objective was successfully achieved, and the study produced comprehensive climate scenario
modelling for the whole Mekong Delta region using the most up to date climate scenario information
that is available for Vietnam. The report outlines detailed climate projection data for both Ca Mau and
Kien Giang. However a number of knowledge gaps and limitations of the various modelling
applications have been noted.
Output 2: assessment of the effects of future climate scenarios on natural, social, and economic
systems in the Mekong Delta region.
a. Carry out an impact risk assessment at Mekong Delta regional level using an approach based on
GIS (geographic information system) to identify the effects of future climate change scenarios on;
hydro-meteorological characteristics (e.g., flooding, sea levels and tides, salinity, river flows),
natural systems (e.g., biodiversity, water resources and quality, soils.), social systems (e.g.,
population, poverty, gender, public health, urban settlements), economic systems (e.g., industry, gross
domestic product, agricultural production), and important development sectors (including, but not
limited to, the identified target sectors).
b. Identify regional hotspots of climate change sensitivity, including vulnerable infrastructure items in
the target sectors.
c. Integrated assessment modelling will then be carried out for target provinces and sectors to
provide a more detailed assessment of climate change effects.
This objective was substantially achieved, but instead of moving from a Mekong Delta scale down to
province scale, the assessment started at the province scale. However, while the assessment was only
applied to the two target provinces, the observations, key findings and conclusions can be
extrapolated to apply to other provinces in the Delta. The study successfully used the outputs from a
hydrological / hydrodynamic model and a coastal model in MapInfo GIS to assess the effects of future
climate scenarios. The outputs from the modelling covered the entire region but due to time and data
constraints, detailed analysis of projected effects was restricted to Ca Mau and Kien Giang. The
evaluation did however consider the interconnections within the whole region, including inter
linkages of people, transport, trade, and water.
The outputs from the GIS were successfully used to determine the current and projected extent of the
effects on hydro-meteorological and natural systems, but again analysis was restricted to Ca Mau and
Kien Giang rather than at a regional level. In order to identify the effects on the social, economic and
development systems the study used three separate components; the results from the GIS exposure
modelling, observations and findings from the sectoral consultations, and district survey data to
determine the relative levels of risk for particular threat sources. The chosen methodology allowed for
the identification of hotspot districts in each target sector. Due to the data intensive nature of the
adopted risk assessment method, rather than applying a preliminary coarse regional assessment as
described in b, the study commenced with a detailed vulnerability assessment for the target provinces
and sectors only.
Output 5: incorporate institutional strengthening activities for Government decision makers and
technical staff, as well as awareness raising activities for the community.
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Activities for output 5 will be commenced under part A. An analysis of existing climate change
capacity within the Government will be carried out as the baseline to develop a tailored capacity
building program for provincial and sector authorities (PART B)
This output was only partially achieved. No formal climate change capacity assessment of national
government decision makers was carried out. However the international specialists did carry out
informal assessment of province and district capacity during the initial district surveys to varying
degrees. The status of future plans was examined and the extent to which climate change adaptation is
incorporated was analysed as a basis to assess existing capacity. It is recommended that a formal
institutional capacity assessment be carried out in Part B.
Project Outcomes
Output 1: Climate Change Projection Modelling.
Based on the review of relevant literature relating to climate change impacts and adaptation and the
preliminary analysis of secondary data for the Mekong Delta region undertaken during the project it
was evident that there were significant knowledge gaps and limitations surrounding the quantification
of climate change impacts in Vietnam, especially for the Mekong Delta region. In 2010 IMHEN
produced climate change scenarios for a select range of climate change development scenarios: Low
emissions scenario (B1); Intermediate emissions scenario of the medium scenario group (B2); and the
intermediate scenario of the high emission scenario group (A2 and A1Fi). This data has significantly
improved the climate change and sea level projections for Vietnam, and provides sea level scenarios
for 25 cm, 50 cm, 75 cm and 100 cm.
The study utilised statistically downscaled data for temperature and rainfall, together with the
regionally downscaled scenarios for sea level rise produced by IMHEN 2010 and the latest
hydrological river flow scenarios developed for the Mekong mainstream above Kratie by the Mekong
River Commission. The scenarios developed by the MRC were based on PRECIS, and have been used
in a number of reports prepared by IMHEN relating to climate change impacts in the Mekong River
upstream of Vietnam. As of mid-March 2011, the official Digital Elevation Model for the Mekong
Delta was released and a copy was made available for use by the project.
Extreme precipitation change projections were also derived for Ca Mau City and Rach Gia City by
CLIMsystems. Projections for changes in multiple day and one day extreme rainfall events were
explored for 2030 and 2050 (A2 and B2) by applying ensemble pattern scaling to the daily
precipitation output of 12 GCMs
The approach and methodology employed to produce the climate change scenarios and climate
change impact assessments is illustrated in Figure 1. The components that were used to produce the
final outputs of an outline of the threats are described below.
Two modelling efforts were used to determine the potential impacts of anthropogenic climate change
in the region.
1. Hydrological/ Hydrodynamic modelling was conducted by IMHEN using the outputs from the
regional climate modelling, historical climate data and the DEM to determine the potential impacts
on; flooding caused by increased streamflow, salinity and saline intrusion, drought, and water
resource demand and supply. Hydrological modelling was performed using the Integrated Quality and
Quantity Model (IQQM) to simulate the flow of water through the Mekong Delta river systems,
making allowance for control structures such as dams and irrigation abstractions. Hydrodynamic
modelling performed using the ISIS software enabled representation of the complex interactions
caused by tidal influences, flow reversals between wet and dry seasons, and overbank flow in the
flood season. Salinity intrusion modelling was also performed using ISIS.
Hydrological and hydrodynamic modelling was conducted under baseline (1980-1999 and for the
2000 flood event), 2030 (2020-2039) and 2050 (2040-2059) time horizons with flood inundation
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projections produced for both A2 and B2 emission scenarios and salinity intrusion projections
projected for B2.

SIMCLIM modelling
 Outputs: Extreme rainfall
vents

Figure 1- Schematic outlining this project’s climate change scenario and impact assessment methodology.

Note that sea level rise was taken into account in the hydrological and hydrodynamic
modelling but storm surges, typhoon impacts, and wind and ocean wave processes were
not. While existing flood and salinity control/protection infrastructure was incorporated
planned infrastructure was not included.
2. Coastal modelling performed by Dr Nhan at the Institute of Coastal and Offshore Engineering was
used to simulate the combined processes of hydrodynamics, wind induced waves, mud transport, sand
transport, erosion/deposition, storm surge, and typhoons in the near shoreline coastal zone of Kien
Giang and western Ca Mau provinces. This modelling utilizes the MIKE 21/3 Coupled Model Flow
Model and used as its input the hydrological modelling outputs, particularly the streamflow and river
flood inundation modelling results.
Analysis of the projected changes to the key input variables to coastal modelling revealed
minimal differences between 2030 and 2050 or A2 and B2 so only 2050 and only under
the B2 scenario was modelled in detail. Rather than the standard baseline of 1980-1999
this modelling used 2000-2009 as a baseline.
The comprehensive climate scenario modelling work used in this study utilizes the most up to date
climate scenario information that is available for Vietnam. However there are a number of knowledge
gaps and limitations of the various modelling applications in Vietnam. These include:
The application of the MAGICC/SCENGEN 5.3 model in the development of climate change
scenarios, which produces low-resolution grid maps (300 by 300 km) and makes it difficult to
accurately reflect the local specificities of climate change in Vietnam;
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There is currently a lack of in-depth analysis to distinguish and assess impacts induced by climate
change from other natural phenomena (e.g. El Nino/Southern Oscillation etc);
The current hydro-meteorological observation network is insufficient and inadequately distributed
across climate zones and therefore unable to meet the demands for climate monitoring and/or early
disaster warning.
The knowledge gaps were significant barriers to overcome in achieving the stated
objectives of this project (and some were only partially conquered), in particular the
limited availability of observed historical data and regionally-specific climate change
scenario information for means and extremes at the provincial level.
Sea Level Rise Projections
The different climate scenarios show little difference for the time periods that this study is concerned
with. Sea level is projected to rise by approximately 15 cm by 2030 and by approximately 30 cm in
2050. By the end of the 21st century, the sea level from Ca Mau to Kien Giang could rise up to 72 cm
(low scenario), 82 cm (medium scenario) and 105 cm (high scenario) compared with 1980-1999.
The hydrological modelling indicated that a 15 cm or 30 cm sea level rise would not result in an
appreciable increase in land area of the target provinces that would be "permanently inundated"
primarily as a result of the protection afforded by the current system of sea-dykes and flood protection
infrastructure. The exception is Ngoc Hien in Ca Mau province - which is already affected by
inundation in periods of high seasonal tides.
The most important effects of sea level rise relate to the corresponding changes in flooding and
drainage, its relative effect on salinity and importance for low lying areas in terms of enhancing
coastal erosion, proneness to inundation and increases storm surge/storm tide vulnerability. Any
change in the mean sea level, combined with the effects of storm surge associated with large storms or
cyclones are likely to have dramatic consequences, especially for Ngoc Hien and for the island
districts of Kien Hai and Phu Quoc.
Rainfall Projections
The most recent IMHEN projections for the end of the 21st century under both A2 and B2 emissions
scenarios are that:
By the end of 21st century, rainfall is expected to increase by about 3 to 4% in both Kien Giang and
Ca Mau compared to the baseline.
Rainfall tends to increase in rainy months (by up to 25% by the end of the century) and decrease in
dry months (can be from 30 to 35%).
In other words the dry seasons will get drier and rainfall in the rainy season will be more intense (i.e.
larger volumes in shorter periods). This will exacerbate flooding and drought conditions.
Extreme events
The CLIMsystems modelling projected that for both provinces the 10 and 100 yr extreme rainfall
events will be ~6% larger for 2030 (both scenarios) and 10% (B2) and 11% (A2) larger for 2050.
However, it should be noted that these values represent increases of only 13 mm and 22 mm in a 150
mm+ event for Ca Mau and only 15 mm and 32 mm during a 150- 300 mm event for Rach Gia.
Temperature Projections
The general trend of maximum and minimum temperature over the past 50 years has been an increase
with the minimum temperature increasing faster than the maximum temperature. Projected future
trends are:


Increased seasonal air temperature ranging from 0.7°C warmer by 2030 to 1.4°C warmer by 2050
for Ca Mau, and 0.5°C to 0.9°C warmer for Kien Giang by 2050;
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By the end of 21st century, the annual temperature would increase by about 1.5 to 2.0°C in Ca
Mau and Kien Giang. The increase of Ca Mau is higher than in Kien Giang.



The maximum temperature increases by less than the minimum temperature. By the end of 21st
century, the maximum temperature may be higher than current record about from 2 to 2.5°C
compared with an increase of 3.5 to 4.0°C for the minimum temperature.

Other Climate Change Projections:


Relative humidity decreases in the dry months and increase in rainy months in both provinces.
However, the annual relative humidity tends to decrease slightly.



Average wind speed increases in winter, spring and autumn months in both provinces, but
decreases in the summer months. Annual average wind speed increases in most areas of Ca Mau
and does not have a clear trend in Kien Giang.
Some of the results that have emerged from the downscaling are confusing and will
require further detailed investigation to clarify:
 The A2 temperature results are very close to the B2 results, even out to 2050, which is
contrary to IPCC (2007).
 The A2 scenario temperatures are sometimes not as warm as B2, which is also
contrary to IPCC (2007).
 The change in temperature out to 2050 is sometimes not as large as the change to
2030 which is inconsistent with the known physics of climate change;
 The spatial pattern of warming is difficult to interpret, which requires further
investigation.
 The projected rainfall change under A2 is sometimes less than the change under B2
(this is for both the seasonal and monthly projections).
 There is a lack of significant differences in wind speed between the 2030 and 2050
scenarios and further investigation is required to determine whether this is a real
result.

Salinity Projections
Changes in hydrological conditions in the canal and river systems of the two provinces are projected
to occur due to the changes in the dynamics of flow between the higher sea level and the flows in the
Bassac branch of the Mekong River. As a result the intrusion of saline water into the canal system is
projected to change in the future. Salinity is found to be highest in late April and early May with
recorded values of salinity in the study area reaching as much as 29.4 ‰ (parts per thousand).
Figure 2 summarise the findings from IMHEN modelling for the current and future extent of salinity
in the region in 2050 for the A2 scenarios. Most notable is that all the districts in Ca Mau, and the
majority of districts in Kien Giang (with the exception of the island districts of Phu Quoc and Kien
Hai) are already affected by salinity. In the northern part of Kien Giang salinity is projected to
decrease in extent while in the south it is projected to increase in extent. The models predict an
increase in area of high salinity (>0.28 ‰) for both scenarios.
Storm Surge Projections
During a storm event, the combined effect of low pressure and high winds result in higher than
normal water levels. For both the East and West coastlines, storm surge will occur on the ocean facing
coastlines that are exposed to waves from the northeast and southwest monsoons.
It is clear from the climate simulations that extreme weather events pose a significant threat to both
provinces. Typhoons (defined as tropical depressions of sufficient intensity to produce gale force
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winds) are not only dangerous because they produces destructive winds but also because they are
associated with torrential rains (often leading to floods), storm surge and wild sea conditions.

Figure 2 - Current and projected (2050 A2) maximum extent of salinity in the two provinces.

An analysis of Typhoon trends by IMHEN showed that while the frequency in the East Sea increased
slightly, the frequency of typhoon landings in Vietnam has no clear trend. However, Typhoon
landings have moved toward the South and the frequency of very strong storms (> level 12) has
increased. The analysis also showed that the typhoon season is ending later. This indicates that areas
that have not typically suffered from storms (such as the south eastern portion of the country and
HCMC) may increasingly be vulnerable. However, cyclones are a complex phenomenon and their
formation is very difficult to predict.
As part of the coastal modelling, the observations from Typhoon Linda in 1997 were used to simulate
the potential effects of typhoons and storm surge on the coastlines of Ca Mau and Kien Giang under
different sea level rise scenarios. The simulations show that the water surface elevation for a large
scale typhoon event could be as high as 2 m in elevation, and in combined with 4-5 m waves could
result in severe damage to coastal protection dykes, and fishing villages in estuaries and canal mouths
along the entire coast.
Output 2: assessment of the effects of future climate scenarios on natural, social, and economic
systems in the Mekong Delta region
Impacts on hydro-meteorological characteristics
The outputs from the hydrological / hydrodynamic and coastal models were imported into MapInfo
GIS for further spatial analysis to determine the spatial extent of the projected impacts. While the
model outputs covered the western portion of the Mekong Delta, detailed analysis presented in the
report covers only the target provinces. Analysis of the model outputs indicates that a number of
projected climate changes will have notable impacts.
Both the projected changes to rainfall patterns and increase in sea level will combine to alter the
extent of impacts of extreme flood events. With the projected increase in total annual precipitation,
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and the projected changes to the hydrology of the Bassac River, flood danger is expected to increase
in all districts (except Phu Quoc and Kien Hai which are island districts) by 20 to 50% between now
and 2030 and 2050 respectively. Higher sea levels will reduce the ability of flood waters to escape to
the sea and will thus lead to more widespread and deeper inundation during extreme flood events.
The difference in the projected extent and depth of extreme event flooding (based on the 2000 flood)
for baseline sea level and climate conditions compared to the projected extent for sea level and
climate conditions for 2050 are illustrated in Figure 3. Most of Kien Giang is only just above sea level
and for twelve out of fourteen districts, the projected threat of flooding is considered to be moderate
to severe. Extreme threat of flooding from an extreme event is projected to be lower in Ca Mau with
only five out of nine districts with vulnerability to flooding considered to be moderate to severe.
Districts experiencing the greatest increases in area inundated include: An Minh – 55% increase; Vinh
Thuan – 53% increase; Ca Mau – 51% increase; and An Bien – 43% increase.

Figure 3 - Current and projected (2050 A2) extent and depth of extreme event flooding (based on the 2000
flood).

In the majority of the districts, flood protection is not adequate. Upgrading of flood protection is
urgently needed for all the districts, especially for the major settlements and industrial areas. Flood
protection upgrading is also needed along the Bassac River which is outside the study area but
influences flooding in Kien Giang and to a lesser extent in Ca Mau.
Increases in sea level, and the associated reduction in sediment transport and changes in deposition
patterns will lead to general and wide scale deterioration in coastal conditions, including lower levels
of sedimentation on the east coast and an increase in coastal erosion on the west coast. In addition,
the area of Ca Mau exposed to storm surge is projected to increase from 9% to 15%, while the area of
Kien Giang that is exposed is also projected to increase. Ngoc Hien district in Ca Mau is most likely
to be adversely effected as are the island districts of Phu Quoc and Kien Hai in Kien Giang, especially
Kien Hai with between 6 and 13% of their land area inundated. The combined effect of sea level rise
and increased storm surge will have detrimental effects on the fringing strip of mangroves that
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currently help protect the coastline and provide valuable livelihood opportunities. In addition to this it
is likely that there will be a deterioration of beaches on Phu Quoc and other low set islands in the
Kien Hai Island group. These could become greater problems should climate changes result in
‘unexpected’ changes in oceanic circulation patterns, local currents, wind direction and wave
dynamics
Climate Change Impacts on Natural Systems
For each sector expert opinion was used to make an assessment of the existence and adequacy of in
2030 and 2050. Table 1 below summarises the projected impacts of climate change on natural systems
in each district of the two target provinces. In the Table the impact of each hazard on the
infrastructure is rated according to the combination of exposure to the hazard and the extent of
existing measures that are in place to reduce the impacts.

Kien Giang Province

Ca Mau Province

Table 1 - Summary of climate change impacts on natural systems in each district.

•
••

Erosion &
District
Sedimentation
Ca Mau
•
Cai Nuoc
••
Dam Doi
••
Nam Can
••
Ngoc Hien
••••
Phu Tan
••
Thoi Binh
•
Tran Van Thoi
••
U Minh
••
Rach Gia
••
Ha Tien
••
An Bien
••
An Minh
••
Chau Thanh
••
Giang Thanh
••
Giong Rieng
•
Go Quao
•
Hon Dat
••
Kien Hai
••
Kien Luong
••
Phu Quoc
••
Tan Hiep
•
U Minh Thuong
••
Vinh Thuan
••
Adequate, now and in the near future
(around 10 years)
Adequate, but adaptation needed in
view of climate change (long term)

Hazard
Flooding &
Saline
Storm
Drought
Intrusion
Surge
•••
•••
•
••••
•••
•
••
•••
••
•••
•••
••
••
•••
••••
•••
•••
••
••
•••
•
•••
•••
••
••
•••
••
•••
•••
••
•••
•••
••
•••
•••
••
••
•••
••
••••
•••
••
••••
••
•
••••
••
•
••••
•••
•
••••
•••
••
•
•
••••
••••
•••
••
•
•
••
••••
•••
•
•••
•••
•
•••
•••
•
•••
Improvements are desirable in view of
economic development (medium term)
••••
Rehabilitation or upgrading urgently needed

As illustrated in the Table above, whilst the exposure to salinity is widespread and considered to be
major for just about all of the mainland districts, where control measures are largely in place the
impacts are generally only moderate. This is the same for the nature and extent of coastal erosion.
Whilst all of the coastal districts are exposed to coastal erosion, for most districts the impacts were
assessed as intermediate and/or partly controlled. However Ngoc Hien was assessed as major and
largely uncontrolled as it is the only coastal district not protected by the sea-dyke system.
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In terms of magnitude and extent, river flooding and inundation clearly represent the greatest threats
to both provinces and especially to Kien Giang where twelve of the fifteen districts were assessed as
having major exposure with little control mechanisms in place. In particular, the districts of Chau
Thanh, Giang Thanh, Giong Rieng, Go Quao, Hon Dat, Kien Luong and Tan Hiep were considered to
be highly vulnerable and threatened by flooding and inundation.
Impact Risk Assessment of social and economic systems in important development sectors.
The study approach to impact risk assessment emphasises the need to understand localised ‘current
vulnerability and risk’ as the best basis for predicting future vulnerabilities and risks, as regional
downscaling of long-term climate forecasts need to be supplemented by assessments of who within
geographically vulnerable regions are the most socially and physically vulnerable.
Several conceptual frameworks have been proposed that incorporate these concepts to describe the
general processes that lead to vulnerable people and places. This study has adopted the following
definitions:
Hazard refers specifically to physical manifestations of climatic variability or change, such as
droughts, floods, storms, episodes of heavy rainfall, long-term changes in the mean values of climatic
variables, and potential future shifts in climatic regimes;
Exposure refers to the types of assets at risk. They can include property, infrastructure, natural
resources, and the services those natural resources can provide (protection of health, provision of food
or water, etc.);
Sensitivity is the degree to which a system (natural, human, or built) is likely to be affected by
change, such as climate‐related environmental change;
Risk is a measure of the consequence (severity or sensitivity) and likelihood (probability) of potential
impact; and
Adaptive capacity is the ability of a community or system to mitigate, cope with, or accommodate
change
Resilience is the opposite of vulnerability, and building resilience is the primary goal of adaptation
planning. Resilience is a community’s ability to absorb disturbance while retaining its basic structure
and function.
Hence, the most vulnerable people, communities, districts or systems are those that are most exposed
to climate hazards or impacts, and who are the most sensitive to those effects, and who have the
lowest capacity to respond to the changing conditions.
In this context, the study developed a Comparative Vulnerability Assessment (CVRA) conceptual
framework that identified key geographic areas and sectors that are particularly vulnerable to the
combined effects of climate change and sea level rise, and particularly the impacts of flooding,
inundation, salinity, and storm surge. The CVRA incorporates a range of vulnerability indicators that
cover the important aspects of the social, economic and development systems that lead to climate
change vulnerability. The indicators incorporate measures of, exposure, sensitivity, and adaptive
capacity. The method also incorporates weighting factors that are based on expert opinions that
estimate the current status of existing protection measures and assess their suitability to provide
protection from projected changes to the extent of climate change impacts.
The method uses the results from the exposure modelling together with the key observations and
findings from the sectoral consultations and surveys to determine the relative levels of risk for a
particular threat source - expressed as a function of ‘likelihood’ and ‘consequence’ to highlight the
major risks at the district and provincial levels.
Due to the data intensive nature of the adopted CVRA method, rather than applying a
preliminary coarse regional assessment, the study focused on a detailed vulnerability
assessment for the target provinces and sectors only.
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The study focused on developing a range of comparative baseline indicators at the ‘district’ level for
each sector in order to provide a more detailed picture of the nature and extent of human settlements
and infrastructure that are likely to be most vulnerable to future climate change, and to develop
‘vulnerability profiles’ for each district that explicitly illustrate the ’comparative vulnerability’ of each
area under present conditions and for 2030 and 2050.
This CVRA (Comparative Vulnerability Risk Assessment) framework is a useful approach
to presenting quantitative estimates of the risks that climate change poses, at both the
regional and the local level. However, it is important to understand the limitations of this
approach, namely that the quantitative estimates are reliant on the quality of information
available. In addition the CVRA is unavoidably uncertain as it does not take account of
changes in non-climatic factors. These include future adaptation measures that will
influence both the baseline exposure and their sensitivity to climate effects.
Comparative Vulnerability Risk Assessment Findings
Risk
The risk assessment presented in Table 2 indicates the extent of the risks that are posed by the three
major climate change threats to the 25 districts in the two target provinces. The island districts of Phu
Quoc and Kien Giang have little risk from inundation or salinity. While five districts in Ca Mau and
two mainland district in Kien Giang are currently at low risk from inundation, all mainland districts
are projected to be at moderate risk from inundation by 2050. All mainland districts are currently at
moderate risk from salinity and are projected to remain at moderate risk out to 2050. Ngoc Hien and
Table 2- Risks posed to each district from climate change impacts for baseline, 2030 and 2050.
Inundation
District
2010
2030
Ca Mau
3
8
Cai Nuoc
8
9
Dam Doi
3
8
Nam Can
8
8
Ngoc Hien
3
8
Phu Tan
8
8
Thoi Binh
3
3
Tran Van Thoi
8
8
U Minh
3
3
Rach Gia
9
9
Ha Tien
8
8
An Bien
8
8
An Minh
3
8
Chau Thanh
9
9
Giang Thanh
9
9
Giong Rieng
9
9
Go Quao
8
9
Hon Dat
9
9
Kien Hai
0
0
Kien Luong
9
9
Phu Quoc
3
3
Tan Hiep
9
9
U Minh Thuong
3
8
Vinh Thuan
3
8
Extreme;
requires
urgent
>20
attention.
High; requiring attention in
12 - 20
the near term.

Salinity
2050
9
9
8
8
3
8
8
9
8
9
9
9
8
9
9
9
9
9
0
9
3
9
8
8
5 - 12
<5

Storm Surge

2010
2030
2050
2010
2030
2050
10
10
10
0
0
0
10
10
10
0
0
0
10
10
10
4
4
4
10
10
10
4
4
6
10
10
10
8
10
10
10
10
10
4
4
4
10
10
10
0
0
0
10
10
10
4
4
4
10
10
10
4
4
4
10
10
10
4
4
4
10
10
10
4
6
6
10
10
10
4
4
4
10
10
10
4
4
4
10
10
10
4
4
4
10
10
10
0
0
0
5
5
5
0
0
0
5
10
10
0
0
0
10
5
5
4
4
4
0
0
0
6
6
6
10
10
10
4
4
4
0
0
0
4
4
4
10
5
5
0
0
0
10
10
10
0
0
0
10
10
10
0
0
0
Medium; existing controls sufficient in the short
term, will require attention in the medium term.
Low; existing controls will be sufficient.
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Kien Hai are currently at moderate risk from storm surge but are projected to remain at moderate risk
out to 2050. Nam Can and Ha Tien are projected to be at moderate risk from storm surge by 2050.
Sectoral Vulnerability
Population and Poverty
The provinces of Kien Giang and Ca Mau are home to approximately 2.92 million people and have
some of the highest population densities in the country. The main pressures driving socio-economic
vulnerability in the region are demographic trends, population growth, pressure on land and water use,
limited space (available land) and industrial development.
Whilst poverty is important in terms of resilience and adaptive capacity, the relatively low levels of
poverty in the region would indicate that it is not a principal driver of vulnerability. However, higher
incidences of poverty reduce adaptive capacity. It should be noted that there is also a strong
correlation between ethnicity and poverty in the study region.
Agriculture and Livelihoods
It is highly likely that economic development of both provinces will be adversely affected by climate
change, primarily due to the direct and indirect effects of climate change on primary industry.
Agriculture as an economic sector accounts for approximately 40% of the regional GDP, provides for
the livelihoods of more than 75 % of the people and is the major contributor to the economies of both
provinces. Any increase in the negative impacts on the agricultural systems from flooding, inundation,
salinity and coastal erosion and sedimentation will impact not only on the livelihoods of local people,
but also on the regional and national economies.
The most severe socio-economic vulnerabilities in this sector relate to the combined effects of
flooding, inundation and saline intrusion associated with sea level rise on agricultural lands and
aquaculture lands and the resulting impacts on livelihoods, GDP and primary industry.
Increased temperature may result in decreased rice yields due to heat stress and decreased flowering
potential. However, crop models incorporating CO2 fertilization predict increased yield if irrigation
requirements are met. The yields of sugar cane and maize are predicted to increase. Other fruit and
vegetable crops may have decreased yields due to impacts on flowering/fruiting and/or changes in
growth rates. For aquaculture, shrimp mortality may increase due to high water temperature, increase
in disease levels and increased mortality in larvae production systems.
Higher wet season rainfall may reduce rice yields through inundation damage, or localised flooding
damaging farm infrastructure. Aquaculture may experience a reduction in salinity leading to
decreased growth rates and disease or localised flooding damaging pond infrastructure. And fisheries
may see a reduction in estuarine or near shore salinity leading to dramatic changes in fish ecology and
reduction in catch. Lower dry season rainfall may result in increased salinity in canals leading to
reduced growth rates for aquaculture and reduced rice yields. A decreased capacity for irrigation will
affect not only rice but other crops.
A potential climate impact specific to the rice shrimp farming system is a reduced cropping window
through delays in planting the rice crop (because of need for rain to flush out salts) and reduced yields
due to end of season salinity damage. Irregular seasonal changes can cause poor water quality and
shrimp stress and disease.
Industry and Energy
The industrial sector will be most at risk from the effects of sea level rise and inundation. The
industries of both provinces are primarily based on the processing of agricultural, aquacultural and
ocean fishing products. Kien Giang has large natural resource based industries primarily cement
manufacturing from local limestone deposits and Ca Mau has fertiliser production and large existing
energy sector assets with new energy based developments underway. Both provinces have small
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service industries based around tourism, ice making, ship building and agriculture and aquaculture
service industries.
The shrimp and fish processing plant sites are generally in the order of only 0.5 to 1.5 m above water
level. Some plants already come close to flooding in spring tides in the wet season, so they are
vulnerable to any sea level rise (SLR) climate change effects.
Many of the new industrial zones and shrimp and fish processing plant sites are also only around 0.5
to 1.5 m above water level and are vulnerable to sea level rise and inundation and will eventually
either need to be raised or defended or abandoned. In some cases it is clear that the industrial sites
would be defended in almost any realistic climate change impact scenario for their remaining lives.
This includes the Ca Mau fertilizer complex and the two medium-large cement plants and the new
brick making plant in Kien Luong district of Kien Giang province
The main climate change vulnerability of the provincial power transmission and distribution system,
and particularly the large number of low and medium voltage distribution level poles traversing low
lying rice paddies and aquaculture areas, is their vulnerability to extreme events, in particular high
winds and typhoons. There will also be increased corrosion vulnerability from inundation and salinity,
primarily on medium and low voltage distribution level poles. High voltage steel transmission towers
are well engineered to international standards and are not significantly vulnerability to climate change
Urban Settlements and Transportation
The urban settlement patterns in Ca Mau and Kien Giang are on the Mekong Delta are unique,
consisting of the two provincial centres of Rach Gia and Ca Mau and 41 other provincial towns and
district centres, connected by an extensive and complex system of waterways and roads. The main
drivers of vulnerability in relation to human settlements in the region are population growth and
urbanisation, and the associated pressure on land and water use, limited space (available land) and
migration.
The highest risks facing urban settlements in the region relate to the combined effects of sea level rise
and severe flood risk and storm surge associated with extreme events. However, the overall socio
economic resilience and adaptive capacity in the urban areas is considered to be relatively high,
primarily due to higher levels of income, wealth and support services and infrastructure in comparison
with rural populations.
Water transport is of crucial importance in both provinces as demonstrated by the disproportionately
high volume of goods shipped out of both provinces. Water transportation (rivers/canals) provides the
natural comparative advantage of the Province compared to other areas with only roads. Inland
waterways provide a cheap, all-weather and easily accessible network for all the population.
However, significant investments in the roads network have been made in the last 10 years in Ca Mau
and Kien Giang in an integrated system of national, provincial and district level roads that service the
main population centres. The region is also serviced by 3 domestic airports and there is a major border
crossing to Cambodia near Ha Tien.
The most important vulnerabilities for the transport sector relate to the combined effects of river based
flooding and coastal inundation associated with sea level rise. Whilst roads are usually considered to
be highly vulnerable to SLR and only modest inundations may cause significant damages to a
network, the actual designs of newly built or upgraded roads are based on flood records and local
conditions. National Roads are designed for 1 in 100 year floods and Provincial Roads for 1 in 50 year
floods offering a high level of resilience. Elevation Codes for roads in Ca Mau mean they will be
much higher than surrounding lands leading to potential difficulties for: access to frontage properties;
access to lower access points; transverse drainage under the road may be reduced; roads may flood
adjoining properties; and the incorporation of road drainage and other services along roads.
The move towards increased industrialisation will put more demands on both the land and water based
transportation systems to ensure there is an efficient system to support processing and marketing of
produce.
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Vulnerability hotspots
The vulnerability rankings for each of the district are based on a standard set of indicators so that the
vulnerability can be compared not only between districts, but also across sectors. A regional
vulnerability was calculated for each time period as the average value of the five sectors. The
geographical distribution of the regional vulnerability for baseline, 2030 and 2050 is shown in Figure
4. Currently, while the Study Area has high exposure the vulnerability to the potential impacts of
climate change are low to moderate. However the magnitude of exposure, sensitivity, vulnerability
and risk associated with these changes will change into the future, with a number of areas being
assessed as highly vulnerable by 2050.

Figure 4. - The regional vulnerability for baseline, 2030 A2 and 2050 A2.

Regional hotspots of climate change sensitivity
Hotspots are defined as geographical areas that inherently have the highest vulnerability to a climate
change hazard or combination of hazards. Because the CVRA process uses a ranking method and is
applied on a sector basis, the most vulnerable districts in each sector can be identified. The hotspot
districts for each sector are shown in Table 3. In Ca Mau province, Tran Van Thoi, Dam Doi and Ca
Mau City are vulnerable across multiple sectors. In Kien Giang, Chau Thanh is vulnerable in all
sectors and Rach Gia city and Kien Luong are vulnerable across multiple sectors.
Table 3 - Vulnerability hotspot districts in each sector.
Population
Ca Mau
Province

Kien
Giang
Province

Poverty

Ca Mau
Tran Van Thoi

Ngoc Hien
Dam Doi

Rach Gia
Chau Thanh

Chau Thanh

Sector
Agriculture &
Livelihoods
U Minh
Dam Doi
Tran Van Thoi
Hon Dat
Rach Gia
Chau Thanh
Kien Luong
Giong Rieng
Go Quao
An Bien
An Minh

Industry &
Energy
Dam Doi
Tran Van Thoi
Ca Mau

Urban Settlements &
Transport
Cai Nuoc
Tran Van Thoi
Ca Mau

Chau Thanh
Hon Dat
Rach Gia

Chau Thanh
Kien Luong
Ha Tien
Rach Gia
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Output 5: an analysis of existing climate change capacity within the Government
Capacity at the national, provincial and district level capacity was assessed through an analysis of the
current planning documents and the existing situation on the ground in combination with the results of
the project survey. The assessment for the provincial/district level, summarised in Table 4, indicates
that there is a considerable lack of institutional capacity at these levels of government. Capacity at the
local (commune) level was not specifically assessed and would be an important component in the
process of choosing sites for pilot projects. It is recommended that a formal assessment of adaptive
capacity be carried out as a first step in designing an institutional climate change adaptation capacity
building program.
Table 4 - Qualitative assessment of institutional capacity for nine key measures.
Capacity component
Engage with stakeholders and create
consensus

Articulate the mandate of a new
institution or vision a trajectory
Develop a strategy and translate into
a plan and budget
Implement a programme or policy
Monitor and evaluate results
Effective and good leadership
Effective and well functioning
institutions
Environment conducive to
knowledge sharing
Transparent and independent
accountability systems

Assessment
Key provincial development decisions are conceptualised at and
delegated from the national level
Awareness programs are often in place but poor understanding by the
public is stated as barrier.
Women and farmers unions are poorly represented in planning stages
Prime minister proclamations generally contain appropriate visionary
components
Strategies are poorly developed and plans lack concrete steps
Lack of processes and checks in programme implementation
Very weekly developed
There is a distinct lack of tendency for individuals to take on decision
making roles
Many institutions do not function well
Institutional environment actively suppresses knowledge sharing
Complete absence of transparency accountability system

Further research needs and gaps
Capacity at the national level was only assessed by expert judgement based on future development
plans and research output. While capacity at the local (commune) level was not specifically assessed
and would be an important component in the process of choosing sites for pilot projects. It is
recommended that a formal assessment of adaptive capacity be carried out as a first step in designing
an institutional climate change adaptation capacity building program.
There are a range of other issues that were beyond the scope of the study that require further
consideration, including:
How can the results of current future studies of this nature (and especially the meteorological and
climate modelling), be disseminated more effectively so that the information can be more readily
available to others? This is an extremely important point for the Government of Vietnam to address.
With a plethora of climate change studies being carried out by many different organizations in
Vietnam, and especially on the Mekong Delta, how can future adaptation projects be coordinated so
that work is not duplicated?
Internal migration from rural areas to provincial centres or to the large cities, and the question of
how climate change impact on this is a highly sensitive issue, which only the Government of Vietnam
can address.
How can existing networks and organizations be better used to improve cooperation on adaptation
activities and enhance resilience.
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1. Introduction
The Asian Development Bank (ADB) engaged Sinclair Knight Merz (SKM), in association with
Center for Environmental Research (CENRE) under the Vietnam Institute of Meteorology, Hydrology
and Environment (IMHEN), Acclimatise and University of Newcastle, Australia to undertake ‘Part A’
of the Climate Change Impact and Adaptation Study in the Mekong Delta (TA 7377 – VIE).
This Report, ‘Climate Change Vulnerability & Risk Assessment Study for Ca Mau and Kien Giang
Provinces, Vietnam’ represents the culmination of Part A of the Climate Change Prediction and
Impact Assessment study, and incorporates the most up-to-date projections of future climate
conditions in the Mekong Delta region; and a detailed vulnerability and risk assessment (VRA) of the
potential effects of future climate scenarios on natural, social and economic systems in the Mekong
Delta region.
Part B of the Climate Change Impact and Adaptation Study will commence later this year, and will
focus on the identification of appropriate climate change adaptation measures for target provinces and
targeted regional sectors; and the development of pilot projects for up-scaling and replication of TA
outcomes and provide support to collaborative mechanisms for information sharing and coordinated
action on climate change.

1.1 Purpose of this Study
The purpose of this study was to identify potential future climate conditions in the Mekong Delta
region, and assess the effects of future climate scenarios on natural, social and economic systems in
the region, so as to inform and assist decision makers and development partners in the Mekong Delta
region to adapt to the future impacts of climate change and sea level rise.
The study focuses on assessing the potential impacts of climate change on the three target sectors in
Kien Giang and Ca Mau provinces, these being energy and industry, transport and urban planning,
and agriculture and forestry.
In this context, the study primarily targets provincial and district level decision makers in the Kien
Giang and Ca Mau provinces, as well as major development partners. It provides practical measures
that provincial and district administrations can take to inform and strengthen their programs.
Importantly, it addresses factors which may constrain or limit collaborative action between
communities, leaders, specialists and development partners. It suggests target provinces and targeted
regional sectors, which may be suitable for future development as pilot projects for up-scaling and
replication in Part B of the project. And finally the study has attempted to identify a range of sectoral
adaptation themes for the target sectors where non-structural adaptation options suitable for
addressing social and natural system vulnerability can be futher explored in Part B of the project.

1.2 The Regional Context
Vietnam is considered to be one of the countries likely to be most affected by global climate change.
Within Vietnam, the Mekong Delta region in the south of the country has been identified as being
particularly susceptible to the impacts of extreme climate events and climate variability. The focus of
this study is the Mekong Delta provinces of Ca Mau and Kien Giang. With a sea level rise of 75 cm,
Kien Giang and Ca Mau are two of the top four most affected provinces in terms of areas inundated in
Vietnam (according to the Sea Level Rise Report – IMHEN 2010b).
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Figure 5 - Map of the Study Area
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1.2.1

The Mekong Delta

The Mekong Delta region covers 12% of the area of Vietnam, and comprises the provinces of Long
An, Dong Thap, Tien Giang, An Gian, Vinh Long, Ben Tre, Tra Vinh, Soc Trang, Can Tho, Bac Lieu,
Kien Giang and Ca Mau and is home to one fifth of the national population (i.e. approximately 17
million people). Two-thirds of the Mekong delta is located in southern Vietnam and one third in
Cambodia. The Vietnamese portion of the Mekong Delta occupies 40,058 km2, of which 24,000 km2
are now used for agriculture and aquaculture and 4,000 km2 for forestry.
The population density in the Vietnamese part of the Delta is relatively high (425 inhabitants/ km2)
when compared to other regions of the country which averages around 250 inhabitants/km2. With a
population growth rate of 0.6% the pressure on the available space is increasing, and is considered to
be one of the major drivers of change in the Delta along with economic development and climate
change.
Poverty remains an important challenge for the region. Despite a considerable decline in poverty since
1998, there are still around four million poor people living in the Vietnamese Mekong Delta
provinces. This is the highest number of poor people of any of Vietnam’s seven regions, and has the
highest percentage of ’near poor’ people who are vulnerable to falling back into poverty through
adverse impacts on household livelihoods and income from climate change. The Mekong Delta is
primarily a rural landscape, with approximately 85% of the population living in rural circumstances
and reliant on agriculture for their livelihoods.
The Vietnamese part of the Mekong Delta is one of the most productive and intensively cultivated
areas in Asia, and is considered to be a priority area for national economic development and food
security. Around two thirds of the Mekong delta (10,000 km2) is used for agricultural production with
the rice dominant product. The delta is responsible for producing half of the country’s rice, 60 percent
of its fish-shrimp harvest, and 80 percent of its fruit crop.
Aquaculture, forestry and non-rice agricultural crops are also important in some areas. Both
freshwater and brackish water aquaculture have recently expanded in both area and economic
importance. Aquaculture exports from the delta grew by over 425 percent between 1998 and 2008,
and exceed USD 4 billion in value in 2009. The delta now contains 65 percent of the country’s area
under aquaculture.
Primary production accounted for 41 percent of value added to the delta GDP in 2007, with
agriculture, aquaculture, fisheries and forestry the largest primary sectors. Industry, construction and
service sectors have grown much faster and collectively account for 59 percent of the regional
economy. However much of the industry is either involved in processing primary products such as
rice, aquatic products, and sugar or provides agricultural support services such as fertiliser production
and machinery servicing.
Many changes have occurred in the Mekong Delta to support agricultural and aquacultural expansion
and intensification. Canals, dikes and roads have altered the natural dynamics of the floodplain.
Mangroves have been cleared and replaced with shrimp ponds, and canals and dams have opened up
brackish areas to rice farming. Continuing agricultural and aqua cultural expansion threatens more
loss of mangroves in the delta. Increasing use of groundwater is also of concern, increasing risks of
saltwater intrusion, as well as contributing to compaction of the sediment layers (WWF Vietnam).
Whilst rice and aquaculture are the primary livelihood pursuits, over the last 5-10 years there has also
been a rapid uptake of new economic activities, primarily due the Government’s economic
restructuring initiatives in the area. In recent years both shrimp cultivation and fruit production have
expanded rapidly, with government providing subsidised credit in support of these activities. Many of
those who can afford the inputs for these activities have profited. Intensive shrimp farming requires
high levels of investment to ensure that the ponds do not become polluted and to limit losses from
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shrimp disease. People who have managed to invest on a scale to do this properly and efficiently have,
in some cases, become very wealthy.
Another significant trend in the delta is that of increased mechanisation and land consolidation. In
comparison with other lower Mekong Basin countries, Vietnam’s Delta has both the highest levels of
chemical inputs and the largest number of tractors per capita. Currently, 90 percent of the rice land on
the delta is prepared by tractor, 80 percent is mechanically harvested and almost 100 percent of rice is
machine threshed.

1.2.2

Socio-Economic Context

Over the last 25 years, Vietnam’s economy changed dramatically from a planned economy to a
modern free market economy. Vietnam’s economy was among the fastest growing economies of Asia,
with the profound reforms under ‘Doi Moi’, which literally means ‘change and renewal’, contributing
to impressive increases in production and substantial declines in the incidence of poverty from 37 per
cent in 1998 to 29 per cent in 2002, and 13 per cent in 2008.
Under Doi Moi, the Government of Vietnam identified the Mekong Delta as a priority area for
economic development, and established targets to increase the production of food, commodities and
consumer goods in the Delta by 8 percent annually. According to figures from the General Statistics
Office in Hanoi, Vietnam’s economy grew 8.5 percent in 2007, the fastest pace since 1996. Industry
and construction accounted for 42 percent of Vietnam’s economy in the first quarter of 2008.
Agriculture, forestry and fisheries, which accounted for 14 percent of Vietnam’s economy in the first
quarter, grew at 2.9 percent, up from 2.6 percent in the same period in 2007. Per capita GDP increased
from US$ 200 in 1996 to over US$ 700 in 2006.
With its strong economic performance, Vietnam has become attractive as a country for foreign
investment with a cheap, well-educated labour force and large domestic market. Compounded Annual
Growth Rate (CAGR) was about 7.6 per cent in the period from 2000 to 2010 and as a result GDP per
capita increased from US$400 in 2000 to almost US$1,100 in 2010, buoyed by the continued
expansion of investment in infrastructure, labour-intensive manufacturing and service activities.
Triggered by the global financial crisis, GDP growth fell to about six per cent in 2008 and 4.5 percent
in 2009, the lowest level in almost a decade and a sharp drop from the 8.5 per cent in 2007. At the
same time, inflation rose to 25 per cent in 2008, the highest in the region which also includes Laos,
Thailand, and Cambodia. Projected real GDP growth (excluding inflation) for the period 2012-2020
targets about 7% per year.
However, the drop in GDP growth rate during the financial crisis was less than in neighbouring
countries as the Government began addressing the threat of an overheated domestic economy
decisively, starting in late 2007. In response to the first shock of the current crisis, the authorities
shifted emphasis from growth to stabilisation in March 2008. In late 2008, they shifted once more to
supporting economic activity through large interest rate reductions, injections of liquidity, and a fiscal
stimulus package.

1.2.3

Sectoral Growth and Diversification

The extraordinary economic growth in the Vietnam over the last 20 years has primarily been driven
by the economic structural transition from what was primarily a centrally-planned rurally-based
economy to a more dynamic and productive multi-sectoral market driven economy that promoted the
rapid development of the private sector.
Between 1986 and 2005, the structure of the Vietnamese economy transitioned from an economy
dominated by agricultural production to an economy dominated by industry and construction and
services. Figure 6 illustrates the long-term economic structural transition in Vietnam. The relative
contribution of agriculture to GDP has declined from 38.1% in 1986 to 20.7% in 2005, representing a
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17% reduction. Over the same period the proportional contribution from industry and energy and the
service sectors has risen by 11.9% and 5% respectively. The transition towards to an economy
dominated by industry and construction and services has lifted productivity and growth rates, and
suggests that industry will likely become the leading sector in the economy.

1986

2005
Agriculture
Industry &
Construction
Services

Figure 6 – Vietnam’s economic–sectoral structure transition 1986-2005. Source: Vietnam’s Economy
After 20 years of Renewal (1986-2005)

In the Mekong Delta, the share of GDP by sector has also shifted markedly from agriculture to the
industry and service sectors. In the late 1980s, agriculture comprised more than 40 per cent of GDP,
while service and industry contributed about 30 and 25 per cent to GDP, respectively. In 2007,
industry’s contribution to GDP rose to more than 40 per cent, while agriculture contributed only about
20 per cent.
The rapid expansion of the industrial sector in the Mekong Delta has been due to growth in
infrastructure, mining, oil production, construction and opening of trade policies. The importance of
these changes to the coastal economies of Ca Mau and Kien Giang cannot be emphasized sufficiently.

Use of the term Agriculture
In discussions of economic sectors Agriculture is used to refer to all products from the rural
economy; grains, fruit, animal husbandry, aquaculture, forestry and fisheries.
However, the term Agriculture is also used to refer to the combination of cropping and
aquaculture, and
Fisheries is used to describe both Aquaculture and capture fisheries, particularily when
describing the output of fish processing which occurs in the same factories
In the remainder of the study the following definitions will be used:
Agriculture – Crops (mainly rice), fruit, animal husbandry and aquaculture,
Aquaculture – Production of fish, prawns and other crustaceans in ponds or cages
Fisheries – catch of wild fish from the ocean or rivers and canals
Forestry – production of timber and timber products from natural or plantation forest.

Today, the coastal economies of Ca Mau and Kien Giang’s multi-sectoral activities are strongly
interwoven with linkages in numerous value chains, and the economies of both provinces encompass
a range of maritime and terrestrial industries. The major sectors that contribute to the economy of the
two provinces are:
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Rice cropping;



Aquaculture;



Fisheries;



Sea transport and deep-sea ports;



Natural gas exploitation and power generation; and



Tourism

According to the Ministry of Planning and Investment, the coastal economy contributes about 50 per
cent of the national GDP. Various sectors contribute significantly to this high percentage, e.g. oil and
gas (64%) fisheries (14%) and tourism (9%).
Vietnam aims to increase the importance of its coastal economy, raising its GDP contribution to 55
per cent in 2020. However, changes in socio-economic patterns in these coastal provinces induced by
climate change are likely to have a profound effect on the remainder of the country’s economy.
Climate change implications therefore have to be assessed at a wider and even national scale to
accommodate all down- and upstream economic implications. The following sections provide more
details on the five sectors that are the focus of this study.

1.2.4

The Agriculture Sector

Nationally, the sector employs about 55 per cent of the total labour forces, contributes 18 per cent of
GDP and over 17 per cent of the country’s export. In the coastal areas, agriculture, aquaculture and
fisheries are the main livelihoods. Although the contribution of agriculture to total coastal GDP is
around 27 per cent, agriculture production generates jobs for more than 70 per cent of coastal
inhabitants.

1.2.4.1

Crops

Ministry of Agriculture and Rural Development has set the target for the 2011-2015 period of
agriculture sector growth at 3.5 per cent per year. And for the period 2016-2020 period the
agricultural growth rate is projected to be four per cent per year.
Rice production of the Mekong delta almost doubled from 1995 to 2009 (from 12 M tons to 20.5 M
tons). Rapid growth of rice production is due to large scale water control projects, reclaiming of acid
sulphate soils, expanding rice field areas into the wetlands, etc.
Recently, several new water control projects have been implemented in the Mekong Delta aiming to
boost rice production. The most significant projects are:


The Plain of Reeds project with the goal is to reclaim the acid sulphate soils and provide
irrigation for an area of 600.000 ha to cultivate rice.



The Long Xuyen Quadrangle project: focused on draining flood water to the Gulf of Thailand
and reclaim the soils.



Ca Mau Peninsula project to bring fresh water to the salt-intruded areas for rice cultivation.



South Mang Thit project: saline water control project.

1.2.4.2

Aquaculture

The aquaculture sector is considered as one of the key economic sectors of the country. Total
estimated area used for aquaculture was estimated at 902.900 ha in 2010. The sector witnessed strong
increases in production to 2010. In 2008, total aquatic production in Vietnam reached 4.6 million
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tonnes of which aquaculture production contributed 2.5 million tonnes or 54 percent. As a
comparison, in 2004 the aquaculture contribution was only 37 percent of total fish catch.
Over the past decade, aquaculture, primarily shrimp and pangasius (Vietnamese catfish), has grown in
production from a few thousand tons to over 1 million tonnes in 2009 generating a value of over
US$1 billion while shrimp farming grew steadily to reach a total production of over 380,000 tons.
These species, mainly farmed in the Mekong delta, are associated with great benefits to the
Vietnamese economy (WWF Vietnam).
The Vietnamese portion of the delta yields an annual harvest of about 400,000 metric tonnes of fish.
Approximately 156,000 tonnes of this are derived from the brackish water and estuarine zone.
However, fish production has been declining in recent years as a result of over-exploitation, forest
destruction, and drainage of wetlands for agricultural production.

1.2.4.3

Fisheries

Fisheries play an important role in Vietnam’s economy, contributing some 7.3 percent of the
country’s total export value in 2008, providing jobs to more than four million labourers, and bringing
direct or indirect income to some 10 percent of the population. During the past 15 years, the sector has
contributed over five percent of the country’s GDP. Fisheries catch has been a traditional livelihood
in Vietnam. During the 1995-2005 period, annual catch in tonnes increased by five percent.
The lower Mekong River and its delta support one of the largest inland fisheries in the world.
Vietnamese people in rural areas rely heavily on fisheries for their subsistence. Fish provide from
40% - 60% of animal protein intake for people in rural areas – even those living far from water.

1.2.5

Industry Sector

The largest industrial sector in the region is agriculture-aquaculture-food processing which in 2010
accounted for 48% of industrial value. Aquaculture (in particular shrimp) processing (sorting,
packing, freezing) has been an important industry in the region, particularly in Ca Mau province since
the start of Vietnam's economic reforms in 1979 and Ca Mau accounts for around 70% of Vietnam’s
aquaculture exports. Aquaculture inputs (esp. shrimp) are also imported from other provinces for
processing. Along with wild fish processing and the transformation of low value "waste" fish into fish
meal, aquaculture processing directly employs around 30,000 people in the two provinces. There is
also a large service industry supplying larvae, feed, chemicals and supplying and servicing equipment
to the aquaculture sector.
Although rice growing is the largest land use in Kien Giang province and the second largest land use
in Ca Mau province, rice husking is no longer a major industry in the region as it appears that more
than 90% of rice husking now takes place in neighbouring provinces. There is also a large service
industry supplying seed, fertilizer and supplying and servicing equipment to the rice growing sector.
There are two important large industries in the region; the two large and three small cement plants in
Kien Luong district - that supply most of the cement used in southern Vietnam, and the Ca Mau
fertilizer (urea) project currently already under construction for 2012 which will produce 800,000
tons/year of urea (which is an output equivalent to 40% of Vietnam’s urea use).
There is also a small-medium size sugar cane processing plant established by the provincial
government in 1997 processing cane 60% sourced from Kien Giang province and 40% imported from
other provinces.
There is a number of ship building yards, ranging from yards that build and repair steel hulled ships of
capacity up to 1500 tons, to ship yards that build and repair wooden offshore fishing boats, to plants
building fibre glass inshore boats and ferries.
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There is also a range of smaller and less capital intensive general services provision industries of
which the largest single (informal) sector is ice making. There is estimated to be over 200 plants
making ice for domestic consumption and to service the aquaculture and fishing industries.
There is also a range of smaller industries; printing, machinery, apparel (clothing) manufacturing and
a wide range of other mainly service industries, such as furniture making, construction, chop stick
manufacturing, noodle making, bread making.

1.2.5.1

Tourism

Viet Nam is one of the most popular tourist destinations in South-East Asia. In 2008, the country
recorded around 4.25 million foreign visitors’ arrivals and the last decade witnessed a robust growth
of about 2-3 percent per year in tourist numbers. Currently, the tourism industry employs more than 1
million people, of which 285,000 are directly employed. In 2009, tourism contributed 13% of the
national GDP.
Rach Gia is already a significant domestic tourism destination. However, Phu Quoc Island is the main
tourist destination in Kien Giang province, and major new investments are underway. Tourism takes
several forms, from international and domestic visitors to Phu Quoc, border/historical tourism at Ha
Tien; and weekend trips for domestic tourists to a range of sites for relaxation. Ca Mau has a number
of important tourist attractions and in 2010, received 6,460 foreign and 218,540 domestic visitors.
Kien Giang received more than 3.4 million tourists in 2010 with Phu Quoc as the main tourist
destination. In many other parts of the region tourism is still largely underdeveloped. One of the most
important reasons is weak infrastructure and the lack of a clearly defined tourist development strategy.

1.2.6

Energy Sector

The Delta has a modern and extensive power distribution system managed by the EVN owned
Southern Grid Company. The largest single existing energy sector project in the region is the
PetroVietNam (PVN) Ca Mau gas-power-fertilizer complex using gas piped from the MalaysianVietnamese shared offshore PM3-CAA field
While the power supply is generally stable, in the dry season each year there are around 20 power
outages, each of half to full day duration, when the national EVN grid runs out of generating capacity
from its hydro power stations in central and northern Vietnam. Many industries therefore have backup diesel generators.

1.2.6.1

Other Energy Sources

As well as Phu Quoc Island, nine small islands have their own diesel generator powered stand-alone
electricity grids funded by Kien Giang province.
LPG is widely used for cooking, but some poor rural people cannot afford LPG and use fuel wood
and/or charcoal instead. There are at least two charcoal manufacturing plants in Ngoc Hien district,
using mangroves as input material
There are some animal waste bio-digesters in use, but with little scope for more due to the lack of
significant concentrated animal waste. There is some use of loose bulk rice husks and rice husk blocks
for fish meal drying and household cooking, also some coal and fuel oil is used in the aquaculture
processing industry.
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1.2.7

Urban Settlements

The Mekong Delta has been settled for thousands of years: remains of the ancient (perhaps 1st century
A.D.) settlement of Oc Eo lie just outside the project boundary in An Giang province; and Ha Tien in
Kien Giang province has been a trading port for centuries. In the late nineteenth century large areas
were drained and canalised for transportation purposes and for growing rice. Over the years the main
urban areas have developed to service the surrounding agriculture and fisheries sectors. In the south in
particular, urbanisation proceeded quite slowly: for example, it was only decided to locate the centre
of Nam Can in Ca Mau province to its present location in 1993.
Settlements in the Mekong Delta formed much like in other then coastal rural areas: at the mouths of
rivers related to fishing; at river crossing points; and at confluences of rivers. Before the road network
became established a typical family ideally located along the raised banks of inland waterways and
this pattern is still replicated today. For traders, the ideal situation is to have both water and road
frontages. This historical connection to water in order to maximise trading opportunities means that
many settlements are directly affected when there are high tides and/or over-topping of canals/rivers.
However residents have long adapted to the usually short-term inconvenience of raised water levels.
As the economy has diversified over recent years the prosperity of existing urban areas is almost
entirely dependent upon the processing and marketing of such primary products although tourism is
also a growing attraction and employer in both of the provinces. The growth in aquaculture has fed
into the urban economy, particularly in Ca Mau province, through increased shrimp processing and
marketing. In Kien Giang, urban growth has also been fuelled by domestic tourism
In common with other developing countries it can be expected that the rural-urban drift will continue
due to rural under-employment and growing perceived urban attractions. However, the relatively low
population growth rates suggest that there is considerable net outward migration from the area to
larger centres such as Can Tho and Ho Chi Min City. Both Ca Mau City and Rach Gia are benefitting
from large influxes of local, repatriating and foreign capital into residential and commercial
developments in new subdivisions on the outskirts of traditional centres. Planned large scale road
expansions, particularly in Ca Mau, are likely to make the area even more regionally accessible.

1.2.8

Transport

For hundreds of years transportation of goods and people throughout the Mekong Delta has
predominantly been via inland rivers and canals. Settlements sprang up at confluences and dwellings
typically located along the elevated banks of canals dug for communications, development or water
control. Trade managed to develop and thrive using the many thousands of kilometres of interconnected waterways which in turn are linked to provincial and international markets.
In much of the Delta the road network consists of narrow usually sealed roads which follow the routes
of inland waterways. They are mostly used by motorbikes and the occasional car and light truck, the
narrow and weight limited bridges and ferries being constraints for heavy vehicles. The two travel
necessities for a rural family are a motorbike and a long tailed boat.
Transport is still dominated by canal and river especially for the transport of heavy and bulky goods
such as agricultural products and construction materials. For personal travel and for transport of
relatively small amounts of goods the motorbike is the most practical and cost efficient means as
many bridges are too narrow for larger vehicles.
There is one main inland port at Tac Cau south of Rach Gia for 500 – 1000 tons boats. Marine fish
landed in the Province is taken to Tac Cau as it has an industrial zone for fish processing. Much is
also sent onwards from there to Can Tho and Ho Chi Minh City inside polystyrene containers on
refrigerated lorries. Rach Gia port itself is only used for ferries. The lack of a mainland deep water
port has been noted as a key factor restricting the Province’s growth, despite its key location on the
border with Cambodia.
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Ca Mau and Rach Gia have domestic airports and there are plans to upgrade them to reach an annual
capacity of 300,000 passengers. Phu Quoc has an international airport with construction of a new 2
million passengers/year airport underway.
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2. CVRA Approach and Methodology
This study uses a ‘comparative vulnerability and risk assessment’ (CVRA) methodology and
framework for estimating aggregate vulnerability for five dimensions, these being: population;
poverty; agriculture and livelihoods; industry and energy; urban settlements and transportation. This
approach is based on the generally accepted IPCC approach to vulnerability assessment for natural
system, in combination with a risk-based approach for assessing the impacts of natural hazards such
as flooding, inundation and sea level rise on human systems.
The integration of the risk-based and vulnerability-based approaches was seen as both a necessary and
practical means of analysing and understanding the numerous threats that human and natural systems
of the Mekong will face in the future as a result of climate variability and change, and also from nonclimate hazards. Placing social vulnerability within the context of risk, and viewing biophysical
vulnerability and risk as broadly equivalent, provides us with a relatively simple but pragmatic
framework for assessing both the comparative geospatial and sectoral vulnerability on the Mekong
Delta.
This approach recognises the need to not only identify ‘who’ are the most socially vulnerable – but
‘what’ infrastructure and services are physically more exposed and vulnerable, and reflects the
variation and complexity of both human and natural systems, and incorporates social dimensions such
as population, poverty, well-being etc., as well as the bio-physical attributes of topography, natural
resources and physical infrastructure.

2.1 Conceptual Framework
Figure 7 shows the conceptual framework adopted for this study. This framework helps to define the
interrelationships between the natural and human systems, and identify and compare the vulnerability
of peoples, communities and sectors across different geographic regions and at different scales. The
framework comprises 4 key components, these being:


The assessment of global climate change and sea level rise scenario’s for Vietnam;



The evaluation of the effects of climate change on natural systems of the Mekong Delta;



The assessment of the potential impacts on human systems in the Study Area; and



The identification of vulnerability, and risks at the provincial and district levels.

The basic concepts presented in the framework described below have been examined in a variety of
case studies that seek to characterize the vulnerability of speciﬁc populations or places (such as.
Adger, 1999; Turner et al., 2003; O’Brien and Liechenko, 2000; Moss et al., 2000).
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1. Global Climate Change, Sea Level Rise Scenario’s for Vietnam
Statistically Downscaled
Variable for the Mekong
Delta

2. Effects on Natural Systems

Regional Downscaled Sea
Level Scenarios for the
Mekong Delta
Changes in Precipitation
Changes in Temperature

Hydrological Model

3. Potential Impacts on Human Systems

Sea Level Rise
Floods & Droughts
Hydrodynamic Model

Saline Intrusion
Typhoons & Storm Surge

Land Loss

Food &
Water
Security

Livelihood
Disruption

Regional
Economy

Urban
Settlements
& Transport

Energy &
Industry

Coastal Erosion

Coastal Model

4. Vulnerability, Risk and Adaptation Planning
Exposure

Sensitivity

Vulnerability Analysis



Risk Assessment

Adaptation Options

Figure 7 - Methodological Framework for Comparative Vulnerability and Risk Assessment
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2.2 Evaluating Vulnerabilities
The primary purpose of this vulnerability assessment study is to identify and evaluate the ‘net
biophysical and social vulnerability’ of Ca Mau and Kien Giang provinces. In this context and for
the purposes of this Report, ‘vulnerability’ is considered to be a function of:


Exposure to climatic hazards



Sensitivity to the impacts of climate change hazards;



The ability or adaptive capacity to respond to climate-related risks (including adaptive
measures, coping strategies or actions taken in reaction to the impacts or to mitigate the risks);
and



The frequency, magnitude and extent of climate-related risks to the community, assessed in
terms of the probability of occurrence (likelihood) and magnitude of hazards (consequence).

These concepts or vulnerability characteristics (i.e. exposure, sensitivity, adaptive capacity and risk)
are not new. They have emerged from the risk-hazards and international development literature, and
over the last decade have been expanded and integrated into the discourse of the global environmental
change research community.
The approach used in this study involves creating a current vulnerability baseline “exposure” for
comparison between districts across both provinces. Future climatic conditions based on global
climate scenarios and the outputs from our impact modelling are then use to produce estimates of
sensitivity, vulnerability and attributable future risk.

This CVRA (Comparative Vulnerability Risk Assessment) framework is a useful approach to
presenting quantitative estimates of the risks that climate change poses, at both the regional and
the local level. However, it is important to understand the limitations of this approach, namely that
the quantitative estimates are reliant on the quality of information available. In addition the CVRA
is unavoidably uncertain as it does not take account of changes in non-climatic factors. These
include future adaptation measures that will influence both the baseline exposure and their
sensitivity to climate effects.
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Adaptation

Important terms
Actions taken in response to actual or projected climate change and impacts that
lead to a reduction in risks or a realisation of benefits. A distinction can be made
between a planned or anticipatory approach to adaptation (i.e. risk treatments)
and an approach that relies on unplanned or reactive adjustments.

Adaptive
capacity

The capacity of an organisation or system to moderate the risks of climate
change or to realise benefits, through changes in its characteristics or behaviour.
Adaptive capacity can be an inherent property or it could have been developed as
a result of previous policy, planning or design decisions of the organisation.

Hazard

A physically defined source of potential harm, or a situation with a potential for
causing harm, in terms of human injury; damage to health, property, the
environment, and other things of value; or some combination of these.

Risk

Risk is defined in general terms as the product of the frequency (or likelihood) of
a particular event and the consequence of that event, be it in terms of lives lost,
financial cost and/or environmental impact.

Sensitivity

Refers to the degree to which a system is affected, either adversely or
beneficially, by climate related variables including means, extremes and
variability.

Exposure

Defines the likelihood of a community being affected by a hazard. This is
determined by GIS modelling and mapping of the predicted extent of hazards.

Vulnerability

Vulnerability is a function of risk and response capacity. It is a combination of
the physical parameter of the hazards and its consequences such as personal
injuries, degradation of buildings and infrastructure and functional perturbations.
It may vary depending on non physical factors such as emergency preparation,
education and recovery capacity.

2.2.1

Key Sectors

In the context of this study it is important to understand that vulnerability incorporates a number of
dimensions; social, demographic, geographic, environmental, economic and cultural processes that
influence how ‘vulnerable’ a community or system is to the effects of climate change. In order to be
able to conceptualise, evaluate and map the ‘dimensions of vulnerability’, a widely accepted approach
for ranking the exposure and sensitivity for both natural and human systems using a range of
indicators to ‘measure’ vulnerability across 5 key sectors was used, these being:
Population Vulnerability: refers to the vulnerability of people and populations in the study area to
the effects of climate change, and recognises that there are distinct regional differences in
demographic composition and trends (such as the migration of people towards coastal urban areas
which yields a greater than average growth of the population in some districts). Population growth is a
major driver for change in the delta, in terms of increasing the exposure of people and households to
climate change hazards and the demands placed on the available natural resources and its implications
on sustainable livelihoods. Over the long term, population growth in the study area is likely to
contribute to and exacerbate not only the vulnerability to climate change as well as the difficulties in
adapting to any detrimental changes in climate. In this context a district is considered to be vulnerable
if it exhibits characteristics such as high population numbers, rates of growth or large family size.
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Poverty Vulnerability: refers to the vulnerability of poor and near poor households and people in the
study area to the effects of climate change. The use of this dimension recognises that the incidence of
poverty varies across the region, due to a range of ‘special difficulties’ such as ethnicity, lack of
access to agricultural land, education and health services, fresh drinking water, power and markets.
Poverty diminishes the resilience and adaptive capacity of people and households, as people lack
savings and capital for investment to adopt better production technology and also lack awareness and
knowledge of adaption options available. Like population, poverty encompasses dimensions relevant
to climate change vulnerability, such as the vulnerability to impacts and future shocks – and the
ability to build resilience and adapt to climate change. In this study it is recognized that poverty is
multi-dimensional and includes health, wealth, education and access to natural resources in addition to
income. Combining information on these indicators with different poverty measures at a the district
level not only provides an understanding of the spatial patterns of poverty but also allows for an
analysis of the vulnerability of the poor and near poor communities and households to climate change
impacts and hazards into the future.
Agriculture and Livelihoods Vulnerability: refers to the vulnerability of agricultural farming,
infrastructure and livelihood systems in the study area to the effects of climate change. It recognizes
that in Vietnam the single farmer household is recognized as the basic economic unit upon which the
agricultural sector is built at the commune, district and provincial levels, and is central to
understanding the current and future effects of climate change. In this context a household
agricultural and livelihood system is considered to be vulnerable if there is a high probability of loss
or damage from climate change and there is a high probability of it not recovering quickly or fully.
This may be because the effects are either irreversible or the opportunities of recouping the losses are
negligible. Household vulnerability is determined by access to resources (land and water) and the
level and diversity of income sources (occupations) as well as availability of productive assets and
infrastructure.
Industry and Energy Vulnerability: refers to the vulnerability of industrial and energy generation
and transmission infrastructure and services to the effects of climate change, and recognises that
industry and energy generation are important drivers for the economic development, growth and
sectoral transition in the delta necessary to build resilience and adaptive capacity into the future.
Urban Settlements and Transportation Vulnerability: refers to the vulnerability of urban
settlements and transportation to the effects of climate change, and recognises the need to protect
people and property, and the importance of the transport system to support and promote regional
development and economic growth in the Mekong Delta

2.2.2

Vulnerability Indicators

The Vulnerability assessment process started with team meetings designed to develop questionnaires
that were used to survey officials in the two provinces. The questionnaire was designed to make sure
the information required to provide data for measures and indices considered to be useful by the
experts in each sector was included. A description of the types of indicators that were recommended
by the team of international experts is outlined in Appendix 1. The field district survey was executed
in March and April 2011. And additional information was obtained from District - and Provincial
Offices and also using pertinent document such as Provincial Master Plans.
The selection of vulnerability indicators was based on an assessment of the secondary literature on
social vulnerability (including national and regional indicators for population, poverty and
livelihoods), and a review of what data was available at provincial and district levels. A composite of
over 40 independent ‘vulnerability indicators’ to describe the main sectoral areas and hazard that are
nationally accepted and available were identified and are summarised in Table 5 below. We had to
strike a balance here to accommodate data availability, internal and external validity of our inferences
and duplicability of our approach. The importance, applicability and provincial values of each
indicator are discussed in the chapters outlining the provincial profiles.
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The first phase of the vulnerability assessment is an evaluation of how specific systems, both natural
and human, such as roadways, water resources, and industrial areas etc., were “exposed” to climate
hazards and impacts. Baseline indicators outlined in Table 5 (below) describe the current situation
and represent a measure of the current sensitivity and adaptive capacity. Maps of the current
geographic extent of the exposure to the three climate change provide hazard indicators.
For each of the five sectors the districts were evaluated as a function of their comparative
vulnerability across the key indices. To do this each district is first ranked by indicator, then, an
average ‘comparative baseline exposure’ is calculated for each district.
In the second phase of the assessment, districts were rated according to their ‘respective sensitivity’
(low to very high) to future hazard projections generated from the hydrological modelling and coastal
modelling work. The Forward Projection Indicators outlined in Table 5 (below) describe things
that can be project forward. Population growth can be used to project changes in sensitivity indicators.
And the output of the climate models showing future exposure to climate change impacts can be used
to project changes in hazard indicators. The area affected by each hazard can be used to estimate the
number of people that are projected to be affected. Hazard maps for flooding, inundation, saline
intrusion and storm surge for 2030 and 2050 were used to forecast vulnerability under future
conditions.
It should be noted that this is a relatively simple ranking methodology intended to allow us to
compare ‘vulnerabilities’ between districts in the study area, and relies on the simplifying
assumption that current vulnerability is a reasonable predictor of vulnerability under future
climate change. For example, should climate change result in an increased frequency of flooding,
a city at high risk from flooding today will be more vulnerable to this future impact than a city that
currently has a low risk of flooding.
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Future Projection Indicators

Total Population
Population Density
Average Family Size
No. of Households
Population at working age
Average Natural Population Growth Rate

Total Population
Population Density
No. People Affected by each Hazard
No. Households Affected by each Hazard

Annual Average Income per Capita
No. of Poor Households
% of Poor Households
No. of Teachers
No. of Doctors
Agricultural Land per person
% Ethnic Households
No. of Rural Households
No. of Livelihood Streams
No. of Employment Streams Employing >
10,000 or producing >250 Billion VND
Average Annual GDP per Household
Rice Crop Land per Person
Aquaculture Land per Person

Total no. of Poor Households
Density of Poor Households
No Poor Households Affected by each
Hazard
% of Poor Households Affected by each
Hazard

Energy & Industry

No. Households reliant on Industry
Average Annual GDP per Household
contributed by Industry
No. Households Connected to the National Grid
Length of High/Medium Voltage Power Lines
No. of Power Plants/High Voltage Substations
% off-farm Income
No. of Factories
No. of Different Industries

No. Households reliant on Industry
No. Households connected to the National
Grid
No. Industry Reliant Households Affected
by each Hazard
No. Households connected to the National
Grid Affected by each Hazard
No Km of High Voltage Power Lines
Affected by each Hazard

Urban Population
No. Urban Households
Urban Area (ha)
% Population That is Urban
Access to Sewer/Septic Tank
Access to Water Supply
No. km of Major Waterways
No. km of Major Roads
No. km of District Roads
No. Transport Hubs

Urban Population
Urban Area Per Person (Ha)
No. Urban Households Affected by each
Hazard
Popn. of settlements Affected by each
Hazard
No. Km Roads Affected by each Hazard

Livelihoods

Poverty

Population

Baseline Indicators

Settlements & Transport

Table 5 - Baseline and forward projection indicators used for each sector.

Total Population
Agriculture land per Person
No. Rural People Affected by each Hazard
No Rural Households Affected by each
Hazard
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2.2.3

Analysing Adaptive Capacity

It is important to understand at this stage that our methodology for vulnerability assessment must not
only represent and highlight the coupled natural–human system, but also the dynamic interaction
between these components. In this light it is imperative to elucidate the existing adaptation capacity
within a community as part of the evaluation of vulnerability required by our VRA framework.
Adaptive capacity is defined by Adger et al. (2004) as “the ability or capacity of a system to modify
or change its characteristics or behaviour so as to cope better with existing or anticipated external
stresses.” Adaptive capacity then can be characterised as a set of potential actions that contribute
vulnerability, and can either influence either the existing or future exposure or sensitivity – or both.
Our approach to therefore has been to measure adaptive capacity in the same manner as for exposure
and sensitivity through the adoption of a number of indicators that indicate the capacity of a
community or system to build resilience (such as income levels, number of income streams, % people
in full employment). These measures are then incorporated into our district profiles represent this
potential on the vulnerability surface - so as to avoid distinguishing adaptive capacity from exposure
and sensitivity measures and in order to keep it as an integrated whole system.
Like measures of vulnerability, measures of adaptive capacity vary considerably. The climate change
literature is filled with attempts to develop specific indices of adaptive capacity that take into account
all the factors that may go into adaptation and enhancement of resilience to climate hazards, but it has
proven difficult to develop simple indicators, especially when the data from on-the-ground field
studies has limitations (Yohe and Tol 2002; Smit and Wande 2006; Cutter et al. 2008). It is important
that an assessment of adaptive capacity be informed by and reflective of exposure and sensitivity to
climate impacts.
This study used statistical development indicators, such as the rankings for education, poverty
incidence, income inequality, electricity coverage, irrigation, road density, and livelihoods of as
indicators of vulnerability-resilience and adaptive capacity, which can be assessed with existing data
sources by province or district.
Indicators used included measures of human resources capacity (i.e. literacy rates, health statistics
etc), economic capacity (i.e. GDP per capita and measures of income inequality), Livelihood
measures (diversity of occupations, income streams, number of adults in employment etc.) and social
capacity (population density, percentage of productive land).

2.2.3.1

Institutional Capacity

Adaptive capacity can also reflect the abilities of provincial and district agencies or organization
responsible for managing natural and human systems. Their ability to adapt is determined by a range
of issues, including their ability to collect and analyse information, communicate, plan, and
implement adaptation strategies that ultimately reduce vulnerability to climate change impacts. In this
study, institutional capacity is assessed through our focus group meetings and sectoral field surveys,
and focused on the number, structure and effectiveness of climate change working groups; level of
awareness of districts and localities; training and support for key government personnel in capacity
for adaptation; presence of formal climate adaptation plans or strategies at local levels; experience
with past climate disaster events; and communes and districts with active climate change working
groups and programs.
As such Institutional capacity was not incorporated into the CVRA process.
Institutional capacity is further discussed in Section 9.
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2.2.4

Control Measures

The proceeding discussions of vulnerability and adaptive capacity illustrated that factors such as
poverty, inequality, health, access to resources and social status are likely to determine the
vulnerability of communities and individuals to a range of different hazards. These “generic”
determinants of vulnerability are incorporated into the indicators described above. However,
vulnerability to a hazard will also depend on the extent to which populations and systems are exposed
to the direct physical impacts of that hazard. Exposure will depend on a number of factors such as
where populations choose to (or are forced to) live and how they protect their communities and
livelihoods. Furthermore, the resilience of agricultural systems is determined by the extent to which
existing coping measures such as dykes and irrigation structures are in place. The resilience of
settlements and industry will depend on their location and the existence and status of dykes and other
protection measures, while that of transport and energy infrastructure will depend on the depend on
their location and building standards. These factors are “specific” to particular hazards and are not
explicitly incorporated into the indices described above.
In order to incorporate measures of specific factors, an assessment of the existence and quality of hard
measures to control the impacts of specific hazards was developed. Expert opinion was used to
evaluate control measures for each of the five sectors as outlined in Table 6 below. Information on
control measures was obtained through discussions and interviews with authorities at provincial and
district levels, as well as from literature reviews for each sector. The assessments assumed that no
further adaptation response (other than to existing climate risks) occurs to mitigate against climate
change impacts for 2030 and 2050.
For each sector an assessment was made of; the adequacy of the control measures for the current
situation, the adequacy of the measures to cope with projected climate change impacts in 2030, and in
the adequacy of the measures to cope with projected climate change impacts in 2050.
The expert opinion of the existence and quality of control measures in each time period was
incorporated into the vulnerability assessment as a weighting factor.
Table 6 - Components of hard control measures assessed by Expert opinion.

Hazard
All hazards

Inundation

Salinity

Storm surge

Crop handling and
processing,
Rice varieties,
Cultivation methods

Dyke system
Warning system

Sluice gates

Coastal Dyke,
Thick mangrove
belt
Warning system

Settlements,
Population and
Poverty

Suitable elevation of
infrastructure

Urban drainage,
Adherence to
suitable building
codes

Water and
sanitation
infrastructure

Coastal protection
infrastructure
Warning system

Transport and
Energy
Infrastructure

Suitable elevation of
infrastructure
Dykes

Adherence to
suitable building
codes

Suitable Building
Materials

Coastal dyke and
protection
systems

Component
Agriculture &
Livelihoods
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2.2.5

Vulnerability Profiles

Figure 8 illustrates how the vulnerability assessment is used to develop ‘vulnerability profiles’ for
each district. Conceptualising the dimensions of vulnerability using the radial graphs allowed us to
examine and describe how the different aspects of vulnerability are related to each other, and for
combining the findings from district and sectoral surveys with the outputs from the hydrological and
coastal impact models. The shape and area of the vulnerability profile expressed in this form is
proportional to sensitivity and exposure less the adaptive capacity. This approach links environmental
and socio‐economic dimensions with the capacity for local communities and institutions to adapt to
climate change.
While the specific functional form of vulnerability will vary by context and location, the general
relationship between the sectoral dimensions and indicators allows us to characterize the vulnerability
profile for each district. The goal is not to simply define quantifiable measures, but rather to represent
inter-relationships between natural and human systems in a standard form that can be used as a tool to
compare and contrast vulnerability in both a temporal and geospatial context.
Figure 8 illustrates how the profile can be used to predict the changes in scale and extent of sectoral
vulnerabilities over time and provide an insight into which sectors and locations to intervene to build
climate change resilience.

District Vulnerability Profile

Settlements &
Transport

Population
20
15
10
5
-

Poverty

Current
2030 A2
2050 A2

Energy & Industry

Agriculture &
Livelihoods

Figure 8 - Graphic representation of the five dimensions of vulnerability at the district level
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Interpreting Vulnerability Profiles
The vulnerability profile illustrates the change in the vulnerability of a district over time in each of
the five sectors. The shape of the profile for each time period can be interpreted on a sector by sector
basis. Equal vulnerability for each sector will produce a balanced star shape, and deviations from the
star indicate sectors that are more or less vulnerable. The hypothetical example above indicates:
Current situation - while the control measures currently in place keep the vulnerability of the
district low across all sectors, the vulnerability of the agriculture and livelihood sector is higher and
the vulnerability of the energy and industry sector is lower. An analysis of the values of the varios
indicators that make up each sector will reveal the factors that contributing to the different
vulnerabilities. Low energy and industry vulnerability would likely reflect a low amount of
development in the province. And high vulnerability to agriculture could be due to a high reliance on
rice based systems that are exposed to inundation or salinity.
As the population grows and the exposure to hazards increases districts become
increasingly vulnerable and the ability of the existing control measures to cope with the
projected impacts is reduced.
2030 - the district becomes increasingly vulnerable . While the profile maintains a similar shape, the
vulnerability to poverty increases more that for the other sectors. This may be due to a high initial
proportion of poor households that is projected to increase and become exposed to climate change
hazards.
2050 – the population growth, lack of adequate control measures and increased exposure have
combined to increase vulnerability in all sectors. Agriculture and livelihoods show a more
pronounced increase in vulnerable. The particular causes can be determined by an analysis of the
indicators. An example of causes may be that vulnerability due to a large rural population and
limited alternative income sources is exacerbated by a dwindeling amount of available rural land per
head of population.

2.2.6

Mapping Vulnerability

The impacts of climate change vary across geographical regions (IPCC 2007). This study has
developed a range of maps that sequentially identify climate change hazards, sectoral vulnerability
and risk hotspots. Figure 8 (above) illustrates the five-dimensional profile where vulnerability is
determined simply as a measure of sensitivity, exposure and adaptive capacity. These functions are
then converted into ‘vulnerability maps’ which in turn have been used to compare vulnerabilities of
each district based on the hazard maps for 2030 and 2050, together with the current baseline data for
2010.
Vulnerability mapping not only demonstrates the projected differentiation of regional impacts and
vulnerabilities under the A2 and B2 climate change scenarios over time, but also provides a means for
making comparisons between sectors, scenarios, provinces and districts in the study area to tackle
questions such as:


Which geographic areas are most vulnerable to global change?



How do the vulnerabilities of the provinces compare?



Which sectors are the most vulnerable in a certain province or district?



What areas or sectors face the greatest risks?

It must be stressed however, that the estimates developed for future vulnerability under different
climate change scenarios are at a relatively coarse-scale, and whilst vulnerability profiles were
developed for both A2 and B2 Emission Scenarios for three time slices (current 2010, 3030 and
2050), only the A2 maps are presented in this Report for illustrative purposes. These scenarios are
considered mid-range (B2) and high (A2), however as global emissions are currently tracking above
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the highest A1Fi scenario it should be considered that even the A2 hazard maps are potentially
conservative with regards to actual climate impacts.
In reality, there was little appreciable difference between vulnerability assessed under the A2 and B2
scenarios over the 2030 and 2050 time periods – and these differences were not sufficient to affect the
vulnerability mapping to any appreciable degree.

2.2.7

The Adaptation Assessment Process

The focus of the overall study is the identification of potential adaptation options and strategies for
each province in order to reduce vulnerability to risks. Part A of the study includes an assessment of
the communities’ adaptive capacity to accommodate future climatic conditions, and considers the
community’s current adaptive capacity, as well as the sustainability of current coping mechanisms.
Figure illustrates our approach to evaluating vulnerability and risks, and identifying areas for strategic
adaptation intervention that are aimed at reducing vulnerability to those risks. This approach
combines the processes of vulnerability and risk estimation with the identification of areas where
adaptation options, measures and strategies aimed at reducing vulnerability and risk, and at building
resilience and adaptive capacity will be most required.
This conceptual approach is based on and incorporates aspects from frameworks currently in use
internationally for ecological and social risk assessment studies, and their associated terminology.
The application of this approach provides a solid base for managing climate change risk for Ca Mau
and Kien Giang in the future. In simple terms, risk management is about avoiding unacceptable
consequences. Defining risk involves making many subjective judgements, based on limited available
information and best judgement.
In this context the important point is that climate change decision making is essentially about
determining what is the best course for the near-term, given the expected long-term climate change
and accompanying uncertainties, and this requires frequent revision as new information comes to
hand which alters the level of uncertainty. Thus adaptation planning should be considered as an
on-going and iterative process – and not a one off exercise.
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Figure 9 - The CVRA Assessment and Adaptation Planning Process
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2.3 Identifying and Analysing Future Risk
Various risk assessment methods and tools have been developed around the world, encompassing a
broad range of application from cross cutting methods to specific sectoral methods from a local to
global scale. Social and ecological assessments typically focus on vulnerability and sensitivity.
People are considered to be at ‘risk’ when they are unable to cope with a hazard. A disaster occurs
when a significant number of vulnerable people experience a hazard and suffer from severe damage
and/or disruption of their livelihood system in such a way that recovery is unlikely or prolonged,
especially without external assistance.
Risk is assessed based on the probability of a particular climatic outcome multiplied by its
consequences. This study focuses on four main considerations for assessing risks relating to sea level
rise, flooding, inundation, salinity and the consequences of storm surges:


The negative impacts on the sustainability of the local economy, and especially to household
livelihoods;



The negative impacts social vulnerability e.g. the incidence of extreme events with respect to
mortality or social disruption;



The negative impacts to physical infrastructure and the intended service it provides to the
community, industry, government and the natural environment (including buildings, roads,
ports, water and electricity infrastructure etc.); and



The biophysical vulnerability that may be related to the disturbance of coastal and riverine
environments and systems.

This study used the results from the exposure modelling together with the key observations and
findings from the sectoral consultations and surveys to determine the relative levels of risk for a
particular threat source - expressed as a function of ‘likelihood’ and ‘consequence’ to highlight the
major risks at the district and provincial levels.
The risk assessment process involved rating the future risk, using the qualitative measures of
‘likelihood ’ and ‘consequence’ of potential climate change impacts on each of the target sectors as
highlighted in Table 7, and the likelihood and consequence descriptors in Table 8 and Table 9, to
determine the risk rating for each of the identified risks.
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Table 7 - Risk Rating Matrix

Consequences
Insignificant
1

Minor
2

Moderate
3

Major
4

Catastrophic
5

Almost certain (5)

M (5)

M (10)

H (15)

E (20)

E (25)

Likely (4)

L (4)

M (8)

H (12)

H (16)

E (20)

Possible (3)

L (3)

M (6)

M (9)

H (12)

H (15)

Rare (2)

L (2)

L (4)

M (6)

M (8)

M (10)

Unlikely (1)

L (1)

L (2)

L (3)

L (4)

M (5)

Likelihood

E = >20

Extreme risks; require urgent attention to implement adaptation options immediately.

H = 12 - 20

High risks; requiring attention to developing adaptation options in the near term.

M = 5 - 12

Medium risks; it is expected that existing controls will be sufficient in the short term
but will require attention in the medium term and should be maintained under review.

L = <5

Low risks; Control measures should be maintained under review but it is expected
that existing controls will be sufficient and no further action will be required to treat
them unless they become more sever.

Table 8 - Qualitative Measures of Likelihood

Level

Descriptor

Recurrent risks

Single events

5

Almost Certain

Could occur several times
per year

More likely than not - Probability
greater than 50%

4

Likely

May arise about once per
year

As likely as not - 50/50 chance

3

possible

May arise once in ten
years

Less likely than not but still
appreciable - Probability less than 50%
but still quite high

2

Rare

May arise once in ten
years to 25 years

Unlikely but not negligible Probability low but noticeably greater
than zero

1

Unlikely

Unlikely during the next
25 years

Negligible - Probability very small,
close to zero

The framework for assessing consequence is outlined below in Table 3.
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Table 9 - Risk Assessment Matrix

5 Catastrophic

4 Major

3 Moderate

2 Minor

1 Insignificant

Level

Infrastructure Services

Community

Local Economy

Natural Environment

No infrastructure damage.

No adverse human health effects or
complaint.

Minor negative impacts on key
economic elements (i.e. rice
production, aquaculture, tourism,
fisheries)

No environmental damage

Localised infrastructure service
disruption. No permanent damage.
Some minor restoration work required.
Early renewal of infrastructure by 510%.

Short-term disruption to employees,
customers and all community.
Slight adverse human health effects or
general amenity issues.
Isolated but noticeable examples of
decline in social cohesion
Frequent disruptions to employees,
customers or neighbours.
General appreciable decline in social
cohesion

Temporary disruption to one key
economic element (i.e. agricultural
production, tourism, fisheries)

Minor instances of environmental
damage that could be reversed i.e.
negative impact on a specific species

Temporary disruption to one or more
key economic elements (i.e.
agricultural production, tourism,
fisheries)

Isolated but significant instances of
environmental damage that might be
reversed with intense efforts
i.e. reduced fish stock

Permanent physical injuries and
fatalities may occur from an individual
event.
Negative reports in national media.
Severe and widespread decline in
services and quality of life within the
community

A key element of the economy is
disrupted for an extended period of
time (i.e. phosphate mines, tourism or
fisheries)

Sever loss of environmental enmity
and a danger of continuing
environmental damage

Severe adverse human health effects –
leading to multiple events of total
disability or fatalities.
Emergency response.
Region would be seen as unable to
support its community

More than one key element of the
economy is disrupted for an extended
period of time (i.e. phosphate mines,
tourism or fisheries)

Major widespread loss of
environmental amenity and
progressive irrecoverable
environmental damage
i.e. death of coral reef

Widespread infrastructure damage and
loss of service. Damage recoverable
by maintenance and minor repair.
Partial loss of local infrastructure.
Early renewal of Infrastructure by 1020%
Extensive infrastructure damage
requiring extensive repair.
Permanent loss of regional
infrastructure services, e.g. a bridge
washed away by a flood event.
Early renewal of Infrastructure by 2050%. Retreat of usable land i.e.
agricultural and residential land
Permanent damage and/or loss of
infrastructure service across state.
Retreat of infrastructure support and
translocation of residential and
commercial development.
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2.3.1

Risk Assessment

As the spatial extent of the three major impacts under consideration can be mapped, a range of
consequence ratings could be determined depending on the exposure to the impact. Similarily the
likelyhood of each hazard could also be determined. The risk values used in the study are presented in
Table 10. The consequences and likelihoods were considered using the current (2010) level of
adaptation response to climate change and do not include any uptake of potential adaptation responses
by 2030 and 2050.
Table 10 - Values of likelihood and consequence used for levels of exposure to each climate change
impact.

Storm Surge

Salinity

Inundation

Exposure

2.3.2

Consequence

Likelihood

Risk

< 25% of Area

Insignificant

1

Likely

3

4

Low

< 75% of Area

Minor

2

Likely

4

8

Moderate

>75% of Area and
deep

Moderate

3

possible

3

9

Moderate

< 50% of Area

Insignificant

1

certain

5

5

Moderate

>50% of Area

Minor

2

certain

5

10

Moderate

Localised

Minor

2

Rare

2

4

Low

Widespread

Moderate

3

Rare

2

6

Moderate

Extensive

Major

4

Rare

2

8

Moderate

Permanent

Catastrophic

5

Rare

2

10

Moderate

Identifying Hotspots

Hotspots are defined as geographical areas that inherently have the highest vulnerability to a climate
change hazard or combination of hazards. These are considered to be the most vulnerable and highestrisk areas and include urban settlements, areas of significant transport, energy and industrial
infrastructure, and rural areas that are highly exposed to the impacts of climate change (such as
agricultural areas affected by sea level rise and inundation).
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3. Climate Change
The Mekong Delta is almost entirely below 5 m above sea level, making it one of the 3 most
vulnerable deltas in the world to sea level rise. If no mitigation measures are taken, about 38% of the
delta would be submerged if the sea water rose by 1 m (Carew-Reid 2007). Compounding this is the
possibility that the impacts of anthropogenic climate change could increase the frequency and
intensity of extreme weather events (e.g. floods, droughts, typhoons etc.).
Increased extent and duration of flooding, changes in wet season and dry season precipitation,
inundation from sea level rise and changes to salinity intrusion represent significant threats to the
region’s agricultural and fisheries productivity, as well as what remains of the natural coastal
ecosystems. Extreme hydroclimate events that effect water resources (e.g. like longer drought spells,
earlier and more severe floods, higher temperature) are already affecting the crops and aquaculture
production. Heavily populated, the Delta is also under threats associated with the spreading of tropical
diseases caused by higher temperature.

3.1 Climate in the Mekong Delta
The climate in the delta is tropical monsoon and is influenced by both the southwest and northeast
monsoons. In general the dry season runs from December to April while the wet season is from May
to November. The average annual temperature in the delta is close to 28°C. The mean monthly
evaporation is around 150 mm. Monthly precipitation ranges between 0 mm in the dry season and
around 250 mm in the wet season. There is a considerable spatial variation in annual rainfall across
the Delta with average annual rainfall ranging from less than 1,500 mm in the northwest and central
regions to over 2,350 mm in the south.
Floods are a common feature in the Delta, and one which local people have learned to cope with.
Recently the Government of Vietnam adopted a ‘Living with Floods’ Strategy for the Mekong River
Delta, meaning more attention to flood protection and the conservation of natural systems and
ecosystem services.

3.1.1

Observed Changes

IMHEN have performed detailed analysis of climate records for the past 50 years (IMHEN 2010a and
MONRE, 2011). Based on this analysis a number of noteworthy trends in climate parameters have
been detect. Discussion of these trends is provided below.

3.1.1.1

Air Temperature

Air temperature evolution is important because it can have direct and indirect impacts on human
activities. Increasing air temperature is especially important as a source of numerous indirect impacts
(from sea level rise to enhanced cyclonic activities). Indeed, it is the main driving pattern of climate
change impacts.
In Vietnam, the annual average temperature increased by about 0.5°C in the past 50 years and rainfall
decreased in the northern part of the country and increased in the southern part of the country (Figure
10a).
Across Vietnam, the change in maximum temperature generally ranged from -3°C to 3°C from the
current maximum. The minimum temperature change was -5°C to 5°C from the current minimum.
The general trend of maximum and minimum temperature is increasing, with the minimum
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temperature increasing faster than the maximum temperature, consistent with the general trend of
global climate change.
The annual and monthly average temperature for January (typical of winter months) and for July
(typical of summer months) also increased over the last 50 years. The winter temperature increased
faster than the summer temperature, and increased faster for the inland areas than for coastal areas and
islands. The temperature generally increased throughout most regions of the country, however, small
coastal areas such as Central and South Vietnam, Thua Thien - Hue, Quang Ngai Province, and Tien
Giang have shown decreasing trends in temperature.
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Figure 10 - Observed changes to (a) annual mean surface air temperature and (b) annual rainfall across
Vietnam in the last 50 years (IMHEN, 2010a; MONRE, 2011).

3.1.1.2

Rainfall

Rainfall has increased in the northern latitude regions above 30°N (30° north of the equator) during
1901-2007 and decreased in the tropical regions since the mid-1970s. In the tropics, the decrease in
rainfall was 7.5% during 1901-2005 in South Asia and West Africa. In the medium and high latitude
regions, rainfall increased significantly in North-Central America, North-East America, Northern
Europe, and North and Central Asia. There was also an increase in the frequency of heavy rainfall,
including in regions where rainfall decreased (IPCC, 2007).
Changes in tropical cyclones (TC) are influenced by sea surface temperature, El Niño/Southern
Oscillation (ENSO) activities and the changes in TC tracks. A significant increase in tropical cyclone
activities has been observed in the North Pacific, South Pacific, West Pacific and Indian oceans
(IPCC, 2007).
In Vietnam, over the past 50 years, rainfall in the dry season (November to April) did not change
significantly over northern climatic zones and increased significantly in the southern climatic zones
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(Figure 10b). Rainfall in the wet season (May to October) decreased about 5 to 10% for most of the
northern part of the country and increased about 5 to 20% in the southern climatic zones.
In Vietnam the maximum daily rainfall increased in almost all climatic zones, particularly in recent
years. The number of days of heavy rainfall also tended to increase proportionally, with much
fluctuation occurring in the central region. The increase in the number of heavy rainfall days in the
southern climatic zones related to the increase in air temperature and sea surface temperature in the
east equatorial Pacific.
Both monthly and seasonal droughts tended to increase, however, the rate differs between regions and
between stations in each climatic zone. The occurrences of heat wave conditions have increased
markedly in some regions of Vietnam, particularly in the central and Southern areas.
Extreme events
CLIMsystems examined historical extreme rainfall (mm per period), for various return periods
between 5 and 300 years and consecutive day events of 1-6 days. See Section 3.3.1.3 SIMCLIM
Extreme Event Analysis on page 38 for a description of the analysis.
Figure 11 shows the results of the historical extreme rainfall analysis for Ca Mau City.

Figure 11 - Ca Mau City - Historic (observed) extreme rainfall (mm per event) for varying return periods
and multi-day events. Source CLIMsystems.

The figure shows that in Ca Mau, one day rainfall events of around 136 mm have historically
occurred on average once every five years, while 225 mm one day events occurred on average every
300 years. As would be expected the amount of rainfall increases with the length of the event. A six
day event of 282 mm occurred on average once every 5 years while one of 614 mm occurred on
average once every 300 years. The size of the 1 in 100 year extreme rainfall event is 203 mm for a
one day event and 503 mm for a six day event. The study indicates that in Ca Mau, extreme rainfall
events in the order of around 250 mm due to five to six day events or rarer larger one day events occur
with a return period of 5-10 years and that large consecutive day rainfall events of over 300 mm occur
at a 1 in 100 yr interval.
Figure 12 shows the results of the historical extreme rainfall analysis for Rach Gia City.
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Figure 12 - Rach Gia - Historic (observed) extreme rainfall (mm per event) for varying return periods
and multi-day events. Source; CLIMsystems.

The figure shows that in Rach Gia, one day rainfall events of around 164 mm have historically
occurred on average once every five years, while 342 mm one day events occurred on average every
300 years. As would be expected the amount of rainfall increases with the length of the event. A six
day event of 311 mm occurred on average once every 5 years while one of 588 mm occurred on
average once every 300 years. The size of the 1 in 100 year extreme rainfall event is 292 mm for a
one day event and 511 mm for a six day event.
The study indicates that extreme rainfall events in the order of around 250 mm due to five to six day
events or rarer larger one day events occur with a return period of 5-10 years and that large
consecutive day rainfall events of over 500 mm occur at a 1 in 100 yr interval.

3.1.1.3

Sea Level Rise

Sea level rise is consistent with the warming trend due to the contributions of:


Thermal expansion in oceans;



Melting ice in Greenland and Antarctica and other areas; and



Water holding capacity in the mainland.

With warming of the sea surface temperature, the global ice mass has decreased in the 20th century.
Records since 1978 indicate that the annual average ice in the Arctic Ocean has decreased
approximately 2.7% (from 2.1 to 3.3%) per decade (IPCC, 2007).
Studies from global sea level data showed that the global mean sea level increased about
1.8  0.5 mm/year during 1961-2003. Contribution from thermal expansion was about
0.42  0.12 mm/year and ice melt was about 0.7  0.5 mm/year over this period (IPCC, 2007).
Observation data from TOPEX/Poseidon satellite during 1993-2003 showed that speed of global sea
level rise was about 3.1 ± 0.7 mm/year. The speed of sea level rise during 1993-2003 was faster than
for during 1961-2003.
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In Vietnam, observed sea level data at coastal marine stations show differing trends in average sea
levels. Most stations tend to increase; however, a few stations do not clearly reflect this trend. Along
the coast of Vietnam, the average sea level change is about 2.8 mm per year.
Sea level data measured by satellite for the period of 1993 to 2010 show that the rising trend of sea
level in the East Sea is 4.7 mm/year, Figure 13. For coastal Vietnam, the greater rising rate is in
Central Vietnam and in the west of the Mekong delta. For the entire Vietnam coast, average rate is an
increase of 2.9 mm/year (IMHEN, 2010).

Figure 13 - Changes to sea level (metres) around Vietnam inferred from satellite data (1993-2010)
(IMHEN, 2010b; MONRE, 2011).

Flooding is a regular seasonal feature of the Mekong Delta and people are accustomed to dealing with
it on an annual basis. In this study the impact of climate change on flooding and inundation is
expressed in relation to the extreme flood event that occurred in September 2000 (considered to be a 1
in 100 year flood). This event provides a “real life” marker from which comparisons can be made and
adaptation strategies assessed. Figure 14 illustrates the modelled maximum flooding and inundation
scenarios for the year 2000 baseline event.
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Figure 14 – Modelled maximum extent of the inundation of Kien Giang and Ca Mau during the 2000
extreme flood event.
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3.2 Global Climate Change
Climate change is a major environmental
challenge for Vietnam. The main indicator of
climate change is global warming due to
greenhouse gas emissions from human
activities. Over the past 100 years (19062010), the global average temperature has
increased about 0.74°C, with most of this
increase occurring during the last 50 years
(Figure 15). Climate change is also projected
to cause strong fluctuations in rainfall and an
increase in extreme events such as floods,
droughts and typhoons. Rising sea levels will
also directly affect coastal areas, potentially
inundating land or increasing salinity,
decreasing mangrove forest areas, and
increasing the cost of maintaining port
facilities and coastal urban areas.

3.2.1

Figure 15 - Time series of globally averaged
temperature anomaly (Source: IPCC, 2007)

Climate Change and Emission Scenarios

In 2000 the IPCC published a series of projected greenhouse gas emissions scenarios that could be
used to assess potential climate change impacts. The Special Report on Emission Scenarios, known as
the ‘SRES scenarios’, grouped scenarios into four families of greenhouse gas emissions (A1, A2, B1,
and B2) that explore alternative development pathways, covering a wide range of demographic,
economic, and technological driving forces:
A1 – the story line assumes a world of very rapid economic growth, a global population that peaks
mid-century and the rapid introduction of new and more efficient technologies. A1 is divided into
three groups that describe alternative directions of technological change: fossil intensive (A1Fi), nonfossil energy resources (A1T), and a balance across all sources (A1B).
B1 – describes a convergent world, with the same global population as A1, but with more rapid
changes in economic structures toward a service and information economy.
B2 – describes a world with intermediate population and economic growth, emphasising local
solutions to economic, social, and environmental sustainability.
A2 – describes a very heterogeneous world with high population growth, slow economic development
and slow technological change.
The emission projections are widely used in the assessments of future climate change, and their
underlying assumptions with respect to socioeconomic, demographic and technological change serve
as inputs to many climate change vulnerability and impact assessments. Greenhouse gas emissions
trajectories under various scenarios are depicted in Figure 16.
Global emissions are currently tracking close to (or possibly higher than) the A1Fi emissions scenario
and it is unlikely that emissions will be constrained to the low or medium emissions target.
The climate change and sea level rise scenarios developed and published for Vietnam in 2009 were
based on the low (B1), medium (B2) and high (A2, A1Fi) scenarios. The average B2 scenario was
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recommended for all ministries, sectors and localities to initially assess the impact of climate change
and sea level rise and to build action plans to respond to climate change. Using results of previous
studies as a basis, the 2011 updated climate change and sea level rise modelling selected the following
greenhouse gas emissions scenarios: B1 (low scenario), B2, A1B (middle scenario), A2 and A1Fi
(high scenario).
For the purposes of this study, climate change modelling (including regional downscaling) has been
completed by IMHEN using B2 and A2 scenarios, which have been used as inputs for the
hydrological modelling. Coastal modelling has also been completed using the B2 scenario only. This
is due to the very minor differences between the two scenarios up to 2050 that were found in the
IMHEN modelling.

Figure 16 - Greenhouse gas emissions scenarios and the associated projected changes in global average
surface temperature (from IPCC, 2007).

3.3 Climate Models and Downscaling
Based on the review of relevant literature relating to climate change impacts and adaptation and the
preliminary analysis of secondary data for the Mekong Delta region undertaken during the project it
was evident that there are significant knowledge gaps and limitations surrounding the quantification
of climate change impacts in Vietnam, especially for the Mekong Delta region. There are many
reasons for this but the main one is that projecting the future impacts of climate change (for Vietnam
or anywhere else in the world) is an evolving science, and providing locally specific (i.e. less than the
~250 km2 GCM grid resolution) interpretations of those projections is even more complex. The
official climate model prepared by the Vietnamese government uses MAGICC/SCENGEN 5.3, and
identifies climate change and sea level scenarios for Vietnam in the 21st century.
The MONRE report ‘Climate Change, Sea Level Rise Scenarios for Vietnam’ (2009), outlines climate
change scenarios for a select range of climate change development scenarios: Low emissions scenario
(B1); Intermediate emissions scenario of the medium scenario group (B2); and the intermediate
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scenario of the high emission scenario group (A2). Climate change scenarios for temperature and
rainfall were developed for seven climate zones in Vietnam, including the Mekong Delta region.
The Climate Change, Sea Level Rise Scenarios for Vietnam report also highlighted a range of sea
level rise scenario’s that were developed for a range of different emission scenarios: low (B1);
medium (B2); and high (A2 and A1Fi). Since that time IMHEN have released the ‘Sea level rise –
scenarios and possible risk reduction in Vietnam’ report in 2010, which significantly improves the
climate change and sea level projections for Vietnam, and provides sea level scenarios for 25 cm, 50
cm, 75 cm and 100 cm.
IMHEN recently completed statistical downscaling for the whole Mekong Delta for the primary
climate variables. In order to assess the impacts of climate change in the Mekong Delta and Ca Mau
and Kien Giang, this study utilised the statistically downscaled data for temperature and rainfall,
together with the regionally downscaled scenarios for sea level rise (IMHEN 2010) and the latest
hydrological river flow scenarios developed for the Mekong mainstream above Kratie by the Mekong
River Commission. The scenarios developed by the MRC were based on PRECIS, and have been used
in a number of reports prepared by IMHEN relating to climate change impacts in the Mekong River
upstream of Vietnam. As of mid-March 2011, the official Digital Elevation Model for the Mekong
Delta was released and a copy was made available for use by the project.

3.3.1

Modelling used in the Project

The approach and methodology employed to produce the climate change scenarios and climate
change impact assessments is illustrated in Figure 17. The components that were used to produce the
final outputs are described below.

SIMCLIM modelling
 Outputs: Extreme rainfall
events

Figure 17 - Schematic outlining this project’s climate change scenario and impact assessment
methodology.
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After investigating the detail and the relevance to climatic conditions of Vietnam, a range of
modelling applications were selected for use in this study, as outlined in Table 11. SDSM and
SIMCLIM software were also used for reference and comparison.
Table 11 - Methods and outputs of the regional climate modelling used in this study.

Variable

Modelling method

Emission
scenarios

Monthly, seasonal, annual
average temperature and
precipitation
Annual average sea level rise

Statistical downscaling using
SimCLIM which incorporates outputs
from 21 GCMs used in IPCC AR4
Dynamical downscaling using PRECIS

A2, B2, B1

Maximum and minimum
monthly, seasonal, annual
temperature

Dynamical downscaling using PRECIS

B2

Number of days >35°C

Output from Japan’s MRI AGCM

A1B

Seasonal and annual average
relative humidity and wind
speed

Dynamical downscaling using PRECIS

B2

A1Fi, B2, B1

Information for all downscaling except Japan’s MRI AGCM was produced for a baseline period
(1980-1999, consistent with IPCC AR4) and future 20 year time slices centred on 2030, 2050, 2070
and 2090 (i.e. 2020- 2039, 2040-2059, 2060-2079, 2080-2099 respectively). For Japan’s MRI AGCM
the baseline (i.e. current) period is 1979-2003 and future scenarios are available for ‘near future’
(2015-2039) and ‘distant future’ (2075-2099). The spatial resolution of the climate change scenarios
was to 20 km (for outputs of AGCM / MRI), 25 km (for outputs of PRECIS) and about 30 - 50 km for
outputs of statistical downscaling.

3.3.1.1

Statistical Downscaling Methods

The compatibility of the transfer functions used in the statistical downscaling can be tested by
examining the magnitude of the linear correlation between the temperature or rainfall simulations and
observations in Vietnam. For temperature, the correlation coefficient ranged from 0.65 to 0.95. The
transfer function is therefore considered to be reliable, especially in the winter months. For rainfall,
the correlation coefficient ranged from 0.4 to 0.7 in the dry season and about 0 to 0.2 or less in the
rainy months. The transfer function is somewhat reliable in the dry season and but is not reliable for
the rainy season. Statistical downscaling was therefore only used for annual rainfall.

3.3.1.2

Outputs of the AGCM / MRI model

The quality of the temperature simulation model AGCM / MRI for the period 1979-2003 for stations
in Vietnam was good; however, differences existed between simulated and measured temperature
particularly for stations in Central and Southern Vietnam. The average temperature difference is up to
2-3°C.
For rainfall, the changes in the precipitation process were simulated quite well for the stations of the
North, Central, and Southern Highlands. The model simulation did not reflect the rainfall during the
peak rainy season in South Central.
PRECIS model
To assess the ability to simulate the PRECIS climate model in Vietnam, the Climate Research Unit
(CRU) reanalysis data with a resolution of 0.5° x 0.5° were used for monitoring data stations in
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Vietnam. The assessment results showed a good model simulation for temperature (for both spatial
distribution and values), with a small difference between the model and CRU data. However, the
PRECIS model simulations of rainfall were lower than CRU data analysis in Central and South.
Results assessing the regional climate simulation period 1961-2000 with data sources ERA40
reanalysis show that the temperature variable in the simulation correlates well with the observed
values. The correlation between observed temperature and that simulated by PRECIS was 0.5 to 0.8,
the average maximum temperature difference was about 1-2°C and typically fell in the winter months.
Years of variable rainfall simulation match observed value in the North and the South. The model did
not reflect the rainfall in the months of peak season in Central Vietnam. Correlation between
simulated rainfall and observed rainfall was relatively high in the dry season, and relatively low or
negative in the southern part of the country during the rainy season, with simulated rainfall usually
lower than observed rainfall.

3.3.1.3

SIMCLIM Extreme Event Analysis

The evaluation of observed and modelled trends has shown that the confidence in GCM projected
extremes of precipitation is much less than that of temperature (e.g. Kharin et al. 2007). On the other
hand, given the current state of scientific understanding and the limitations of GCMs in simulating the
complex climate system, a large ensemble of GCM simulations is more appropriate in climate change
projections than using individual GCM simulation outputs, particularly if such projections will be
used for impact assessments (Murphy et al., 2004).
In order to demonstrate the expected changes in extreme precipitation, extreme precipitation change
projections were derived for Ca Mau City and Rach Gia City by CLIMsystems. In lieu of the above,
an extension of the pattern scaling method to extreme event analysis was used for analysing the
climate change impact on extreme precipitation using daily GCM outputs at their original spatial
resolution (Li and Ye, 2011). Research using the method for New Zealand and Australia extreme
rainfall analysis has generated improved results that conform to other scientific research findings (Li
and Ye, 2011). A step by step methodology is outlined in Appendix 4.
Projections for changes in multiple day and one day extreme rainfall events were explored for 2030
and 2050 (A2 and B2) by applying ensemble pattern scaling to the daily precipitation output of 12
GCMs. Two site specific extreme rainfall analyses with a medium sensitivity have been conducted by
analysing of the historical daily rainfall record for Ca Mau City and Rach Gia City climate station
from 1 January 1979 to 31 December 2007. The 5, 10 and 100 year return periods are examined using
the specified 2030 and 2050 future projections.
The methods employed in the SIMCLIM modelling involve the following limitations and
uncertainties:




Historical observation data limitations: Values presented in the study must be
viewed as best estimates. The most important limitation in relation to this study is
that historical meteorological observation data are not compiled appropriately for
use in climate modelling.
Uncertainty in projections: SRES A2 and B2 with medium sensitivity were selected
as high and low range scenario for future global mean temperature increases which
then drive extreme precipitation. These scenarios are conservative and may
unvalued the effects on climate change on extreme event frequency and magnitude.
The uncertainty related to the projected temperature and precipitation values
generated by the various GCMs was represented by the 25th, 50th and 75th
statistical percentiles. However, the uncertainty range presented in this report
cannot cover the full range of uncertainties of future climate change.
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Uncertainty in translating GCM (global)-scale results to the local Mekong Delta
scale, particularly for extreme events: The future projections of precipitation were
generated from AR4 GCMs using pattern scaling and spatial interpolation methods.
No dedicated downscaling approach was applied for the study area. However this
approach is based on the best available knowledge for this location. Further
information on the Pattern Scaling Methodology is presented in Appendix 4.

3.3.1.4

Summary of model Application

The comprehensive climate scenario modelling work used in this study represents an update to the
scenarios produced in MONRE (2009). As such, our project utilizes the most up to date climate
scenario information that is available for Vietnam. However a number of knowledge gaps and
limitations of the various modelling applications in Vietnam were outlined in MONRE (2010). These
include:


The application of the MAGICC/SCENGEN 5.3 model in the development of climate change
scenarios, which produces low-resolution grid maps (300 by 300 km) and makes it difficult to
accurately reflect the local specificities of climate change in Vietnam;



There is currently a lack of in-depth analysis to distinguish and assess impacts induced by
climate change from other natural phenomena (e.g. El Nino/Southern Oscillation etc);



The current hydro-meteorological observation network is insufficient and inadequately
distributed across climate zones and therefore unable to meet the demands for climate
monitoring and/or early disaster warning;

The knowledge gaps identified in MONRE (2010), were significant barriers to overcome in achieving
the stated objectives of this project (and some were only partially conquered), in particular the limited
availability of observed historical data and regionally-specific climate change scenario information for
means and extremes at the provincial level.

39 | P a g e

Climate Change Impact and Adaptation Study in Mekong Delta – Part A

3.4 Future Climate Change Scenarios (2030 and 2050)
3.4.1

Temperature

The projected increase in monthly average temperature and in seasonal average temperature for both
Ca Mau and Kien Giang provinces for the two time periods 2030 and 2050 are presented in Table 12
below. The increase in temperature is expected to be in the range of 0.7°C to 1.4°C for Ca Mau, and
between 0.5°C to 0.9°C for Kien Giang.
Table 12 - Average temperature increase (°C), Scenario B2 and A2

January
February
March
April
May
June
July
August
September
October
November
December
Winter (Dec-Feb)
Spring (Mar-May)
Summer (Jun-Aug)
Autumn (Sep-Nov)
Average

Ca Mau
B2
2030
0.6
0.5
0.6
0.6
0.8
0.8
0.9
0.9
1
0.9
0.8
0.8
0.6
0.7
0.8
0.9
0.7

2050
1.2
0.8
1
1
1.5
1.4
1.6
1.6
1.8
1.5
1.4
1.4
1.1
1.2
1.5
1.6
1.4

A2
2030
0.7
0.5
0.6
0.6
0.8
0.8
0.9
0.9
1
0.9
0.8
0.8
0.6
0.7
0.9
0.9
0.8

2050
1.1
0.8
1
1
1.4
1.3
1.5
1.5
1.7
1.5
1.3
1.3
1.1
1.1
1.5
1.5
1.3

Kien Giang
B2
2030
2050
0.5
0.8
0.3
0.5
0.3
0.6
0.4
0.6
0.5
0.9
0.7
1.2
0.6
1.1
0.3
0.5
0.5
0.8
0.5
1
0.7
1.2
0.6
1.1
0.4
0.8
0.4
0.7
0.5
0.9
0.6
1
0.5
0.9

A2
2030
0.5
0.3
0.3
0.4
0.5
0.7
0.6
0.3
0.5
0.5
0.7
0.6
0.4
0.4
0.5
0.6
0.5

2050
0.8
0.5
0.6
0.6
0.9
1.1
1.1
0.5
0.8
0.9
1.2
1
0.8
0.7
0.9
1
0.8

The projected increase in monthly and seasonal maximum temperature and minimum temperature for
both Ca Mau and Kien Giang provinces is presented in Table 13 below.
Table 13 - Increase in Maximum Temperature and Minimum Temperature (°C), Scenario B2

January
February
March
April
May
June
July
August
September
October
November
December
Winter (Dec-Feb)

Increase in max temperature
Ca Mau
Kien Giang
2030
2050
2030
2050
1
2
2.4
1.6
1
1.3
1.7
1
1.2
1.8
-0.4
0.6
0.9
1.7
2.2
2.6
1.7
2.2
1.5
2.2
1.8
2.5
1.8
1.8
2.2
2.6
1.4
1.6
0.3
1.1
2.2
3.7
1.1
2.2
1.7
0.9
1.3
2.3
1.6
2.3
1.5
1.7
1.3
0.9
1.5
1.8
1.7
1.3
1
1.3
2.4
1.6

Increase in min temperature
Ca Mau
Kien Giang
2030
2050
2030
2050
-0.1
-0.9
0.8
1.7
0.7
0.2
1
1.3
0.2
0.8
0.9
1.4
-0.3
0
0
0.4
0.3
0.9
2.2
1.9
1
0.8
0.6
1.5
1.3
1.6
0.7
1.6
0.8
1.7
0.8
1.3
1.4
1.5
0.7
1.4
1.4
1.3
0.9
1.9
1.5
1.4
1.4
2.1
0.7
0.5
0.9
1.4
0.7
0.2
1
1.5
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Spring (Mar-May)
Summer (Jun-Aug)
Autumn (Sep-Nov)

Increase in max temperature
0.9
1.7
-0.2
0.8
1.4
2
2.2
3
1.5
1.7
1.3
0.9

Increase in min temperature
0.2
0.8
0.3
0.7
0.8
1.7
0.6
1.5
1.5
1.4
1.4
2.1

A summary of temperature change data is as follows:
According to the low
emissions scenario (B1):

By the end of 21st century, the annual temperature would increase by
about 1.5 to 2.0°C in Ca Mau and Kien Giang. The increase of Ca
Mau is higher than in Kien Giang.

In the medium emissions
scenario (B2):

By the end of 21st century, the annual temperature would increase in
both Ca Mau and Kien Giang, with the increase of approximately 1.5
to 2.5°C relative to the baseline period. Again, the increase is greater
for Ca Mau than for Kien Giang.
The maximum temperature increases by less than the minimum
temperature. By the end of 21st century, the maximum temperature
can be higher than current record about from 2 to 2.5°C compared
with an increase of 3.5 to 4.0°C for the minimum temperature.
By the end of 21st century, the number of hot days (maximum
temperature more than 35°C) would increase by about 15 to 20 days
relative to the baseline period in both Ca Mau and Kien Giang.

For the high emissions
scenario (A2):

By the end of 21st century, the increase is about 2.5 to 3.5°C in both
Kien Giang and Ca Mau; however, it is higher in Ca Mau.

3.4.2

Rainfall

The change in monthly average rainfall and in seasonal average rainfall for both Ca Mau and Kien
Giang provinces is presented in Table 14 below.
Table 14 - Change in Rainfall (%), Scenario B2 and A2

January
February
March
April
May
June
July
August
September
October
November
December
Winter (Dec-Feb)
Spring (Mar-May)
Summer (Jun-Aug)
Autumn (Sep-Nov)
Average

2030
-3.7
-2.2
-4.1
-2.6
-0.2
1.2
1.6
0.6
0.6
6.5
2.2
-5.1
-4.3
-1.2
1.1
3.3
1.3

B2

Ca Mau
2050
-6.7
-4
-7.4
-4.7
-0.3
2.1
3
1.1
1.2
11.9
4
-9.3
-7.8
-2.3
2
6.1
2.4

2030
-3.7
-2.3
-4.1
-2.6
-0.1
1.2
1.7
0.6
0.7
6.7
2.3
-5.2
-4.3
-1.3
1.1
3.4
1.3

A2

2050
-6.3
-3.8
-7.1
-4.5
-0.3
2
2.8
1
1.1
11.4
3.9
-8.9
-7.4
-2.2
1.9
5.8
2.3

2030
-5.8
-2.1
-10.8
-4
-0.3
1.5
1.8
0.7
0.9
7.4
1.9
-3.6
-3.6
-1.8
1.3
3.6
1.5

B2

Kien Giang
2050
-10.5
-3.8
-19.5
-7.2
-0.6
2.7
3.3
1.2
1.6
13.5
3.4
-6.5
-6.6
-3.2
2.3
6.6
2.8

2030
-5.9
-2.1
-10.9
-4
-0.4
1.5
1.8
0.7
0.9
7.6
1.9
-3.6
-3.7
-1.8
1.3
3.7
1.5

A2

2050
-10.1
-3.6
-18.7
-6.9
-0.6
2.6
3.1
1.2
1.5
12.9
3.2
-6.3
-6.3
-3.1
2.2
6.2
2.6
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As seen in Table 14, the biggest increase in rainfall is in the autumn months, while the biggest
decrease is in the winter months, leading to a more marked change in the start of the dry season.
A summary of rainfall data is as follows:
According to the low
emissions scenario (B1):

By the end of 21st century, rainfall is expected to increase by about 3
to 4% in both Kien Giang and Ca Mau compared to the baseline.

In the medium emissions
scenario (B2):

Rainfall tends to increase in rainy months (by up to 25% by the end of
the century) and decrease in dry months (can be from 30 to 35%). By
the end of the 21st century, rainfall would increase in both Kien Giang
and Ca Mau with an increase of 5-10% compared with the baseline
period.
By the end of the 21st century, the heaviest daily rainfall decreases in
both Ca Mau and Kien Giang at a rate of about 20 to 30%. However,
rainy days with rainfall anomalies of half or twice the current record
will continue to exist.

For the high emissions
scenario (A2):

The annual rainfall would increase in the 21st century in both Ca Mau
and Kien Giang; however, it is higher in Ca Mau.

3.4.2.1

Change in extreme daily rainfall intensity

Ca Mau City
Table 15 expresses the 1-day total extreme rainfall with the current baseline represented by the
analysis of the historical daily rainfall record for Ca Mau station from 1 January 1979 to 31 December
2007. The 5, 10 and 100 year return periods also are presented for the 2030 and 2050 future
projections. Results are presented as extreme daily rainfall (in mm) and the percentage change from
the baseline values. The percentile values arise from using a 12-GCM ensemble. For the 25th
percentile, 75% of the models agree the extreme will be larger than the given value. Likewise, for the
75th-percentile, 75% of the models agree the extreme will be smaller than the given value i.e. the
extreme value in 2050 under the A2-mid scenario, for a 10 year return period will be between 165 and
177 mm, corresponding to an increase of between 7.6 and 15.7%.
Table 15 - Absolute value (mm) and percentage change in extreme daily rainfall intensity with climate
change for Ca Mau, for 2030 and 2050, for two emission scenarios (A2 and B2) specifying 25th, 50th and
75th percentile results.

Return period
Percentile
Current (mm)

25
136

5 year
50th
136

75
136

2030
A2-mid (mm)
% change
B2-mid (mm)
% change

140
3.4%
141
3.5%

143
5.3%
143
5.3%

2050
A2-mid (mm)
% change
B2-mid (mm)
% change

144
6.3%
144
5.7%

149
9.7%
148
8.8%

th

25
153

10 year
50th
153

75
153

25
203

147
8.0%
147
8.4%

159
4.2%
160
4.4%

162
5.9%
163
6.3%

166
8.5%
167
9.0%

211
3.9%
211
4.1%

215
5.9%
216
6.2%

156
14.8%
154
13.4%

165
7.6%
164
6.9%

170
11.0%
168
9.9%

177
15.7%
175
14.2%

218
7.2%
216
6.6%

225
239
10.7% 17.7%
223
236
9.8% 16.0%

th

th

th

th

100 year
50th
75th
203
203
223
9.6%
223
10.0%
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The modelling indicates that by 2050 events with a 5 year return interval will increase in intensity by
9% (B2) to 9.5 % (A2) and that a 1 in a 100 extreme rainfall event will increase in intensity by 10 –
11 % (B2 and A2 respectively). However, it should be noted that these values represent increases of
only 13 mm and 22 mm in a 150 mm+ event.
Rach Gia City
Table 16expresses the 1-day total extreme rainfall with the current baseline represented by the
analysis of the historical daily rainfall record for Rach Gia station from 1 January 1979 to 31
December 2007. The 5, 10 and 100 year return periods also are presented for the 2030 and 2050
future projections. Results are presented as extreme daily rainfall (in mm) and the percentage change
from the baseline values. The percentile values arise from using a 12-GCM ensemble. For the 25th
percentile, 75% of the models agree the extreme will be larger than the given value. Likewise, for the
75th-percentile, 75% of the models agree the extreme will be smaller than the given value i.e. the
extreme value in 2050 under the A2-mid scenario, for a 10 year return period will be between 210 and
228 mm, corresponding to an increase of between 7.6 and 15.7%.
The modelling indicates that by 2050 events with a 5 year return interval will increase in intensity by
8% (B2) to 9 % (A2) and that a 1 in a 100 extreme rainfall event will increase in intensity by 10 – 11
% (B2 and A2 respectively). However, it should be noted that these values represent increases in the
order of only 15 mm and 32 mm during a 150- 300 mm event.
Table 16 - Absolute value (mm) and percentage change in extreme daily rainfall intensity with climate
change for Rach Gia, for 2030 and 2050, for two emission scenarios (A2 and B2) specifying 25th, 50th and
75th percentile results.

Return period
Percentile
Current (mm)

25
164

5 year
50th
164

75
164

2030
A2-mid (mm)
% change
B2-mid (mm)
% change

170
3.3%
170
3.5%

173
5.0%
173
5.2%

2050
A2-mid (mm)
% change
B2-mid (mm)
% change

174
6.1%
173
5.5%

179
9.2%
178
8.3%

3.4.3

th

25
194

10 year
50th
194

75
194

25
292

179
9.1%
180
9.5%

203
4.4%
203
4.6%

206
6.0%
206
6.2%

212
9.4%
213
9.9%

304
3.8%
304
4.0%

310
6.1%
311
6.4%

192
16.7%
189
15.2%

210
8.1%
208
7.4%

215
228
11.0% 17.3%
213
224
10.0% 15.7%

313
6.9%
311
6.3%

325
348
11.1% 19.0%
322
343
10.1% 17.2%

th

th

th

th

100 year
50th
75th
292
292
323
10.3%
324
10.8%

Sea Level Rise

Sea Level Rise (SLR) scenarios for the coast of Ca Mau to Kien Giang under the low, medium and
high scenarios are outlined in Table 17 below. By the end of the 21st century, the sea level from Ca
Mau to Kien Giang could rise up to 72 cm (low scenario), 82 cm (medium scenario) and 105 cm (high
scenario) compared with 1980-1999.
This study focuses on the periods 2030 and 2050 with corresponding SLR of 15 cm and 30 cm
under the high A2 scenario.
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Table 17 - Sea Level Rise

Periods In The Future

3.4.4

Emission
Scenario

2030

2050

2070

2090

Low (B1)

15

28

45

63

Medium (B2)

15

30

49

70

High (A1Fi)

16

32

57

88

Wind Speed

The change in seasonal mean wind speed for Ca Mau and Kien Giang provinces for the B2 scenario
are shown in Table 18 below. Average wind speed increases in winter, spring and autumn months, but
decreases in the summer months. Annual average wind speed increases in most areas of Ca Mau and
does not have a clear trend in Kien Giang.
Table 18 - Change in Seasonal Mean Wind Speed (m/s), Scenario B2

Ca Mau

Kien Giang

2030

2050

2030

2050

Winter (Dec-Feb)
Spring (Mar-May)

0.6

0.6

0.3

0.2

0.6

0.7

0.1

0.1

Summer (Jun-Aug)

-0.2

-0.2

-0.2

-0.2

Autumn (Sep-Nov)

0.2

0.1

0.2

0.2

Average

0.4

0.4

-0.1

-0.1

3.4.5

Other Climatic Factors

Table 19 below shows the change in seasonal mean wind speed for Ca Mau and Kien Giang.
Table 19 - Change in Seasonal Mean Wind Speed (m/s), Scenario B2

Ca Mau

Kien Giang

2030

2050

2030

2050

Winter (Dec-Feb)
Spring (Mar-May)

0.6
0.6

0.6

0.3
0.1

0.2
0.1

Summer (Jun-Aug)

-0.2

-0.2

-0.2

-0.2

Autumn (Sep-Nov)

0.2

0.1

0.2

0.2

Average

0.4

0.4

-0.1

-0.1

0.7

The summary of other climatic variables is provided below:


Average surface pressure increases over the country.



Relative humidity decreases in the dry months, increase in rainy months. However, the annual
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relative humidity tends to decrease slightly over both 2 provinces.


3.4.6

Average wind speed increases in winter, spring and autumn months, but decreases in the
summer months. Annual average wind speed increases in most areas of Ca Mau and does not
have a clear trend in Kien Giang.

Model Discrepancies

Some of the results that have emerged from the downscaling are confusing and will require further
detailed investigation to clarify:


The A2 temperature results are very close to the B2 results, even out to 2050, which is contrary
to IPCC (2007) and Figure 16.



The A2 scenario temperatures are sometimes not as warm as B2, which is also contrary to IPCC
(2007) and Figure 16.



The change in temperature out to 2050 is sometimes not as large as the change to 2030 which is
inconsistent with the known physics of climate change;



The spatial pattern of warming is difficult to interpret, which requires further investigation.



The projected rainfall change under A2 is sometimes less than the change under B2 (this is for
both the seasonal and monthly projections).



There is a lack of significant differences in wind speed between the 2030 and 2050 scenarios
and further investigation is required to determine whether this is a real result.

The discrepancies and highlighted issues reflect the nature of the modelling process that incorporated
multiple downscaling as shown in Figure 17.

3.5 Climate change impact assessments
3.5.1

Hydrology and water resources

As illustrated in Figure 17, the outputs from the regional climate modelling, historical climate data
and DEM were used as inputs into hydrologic modelling to determine the potential impacts of
anthropogenic climate change on flooding caused by increased streamflow, salinity and saline
intrusion, drought, and water resource demand and supply.
The hydrological modelling was performed using the Integrated Quality and Quantity Model (IQQM)
to simulate the flow of water through the Mekong Delta river systems, making allowance for control
structures such as dams and irrigation abstractions. Flow coming from the upper Mekong was
obtained for Kratie from the Mekong River Commission and also used as an input into this studies
hydrological modelling.
Hydrodynamic modelling was also performed using the ISIS software. The ISIS hydrodynamic
modelling enabled representation of the complex interactions caused by tidal influences, flow
reversals between wet and dry seasons, and overbank flow in the flood season. Salinity intrusion
modelling was also performed using ISIS. Hydrological and hydrodynamic modelling was conducted
by IMHEN under baseline (1980-1999 and for the 2000 flood event), 2030 (2020-2039) and 2050
(2040-2059) time horizons with flood inundation projections produced for both A2 and B2 emission
scenarios and salinity intrusion projections projected for B2. Note that sea level rise was taken into
account in this modelling but storm surges, typhoon impacts, and wind and ocean wave processes
were not.
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3.5.2

Coastal impacts

As illustrated in Figure 17, the outputs from the regional climate modelling, historical climate data
and DEM were also used as inputs into coastal modelling performed by Dr Nhan at the Institute of
Coastal and Offshore Engineering. The coastal modelling also used as its input the hydrological
modelling outputs, particularly the streamflow and river flood inundation modelling results.
This coastal modelling utilizes the MIKE 21/3 Coupled Model Flow Model to simulate the combined
processes of hydrodynamics, wind induced waves, mud transport, sand transport, erosion/deposition,
storm surge, and typhoons in the near shoreline coastal zone of Kien Giang and western Ca Mau
provinces under current and projected future conditions. A baseline scenario (2000-2009) was
modelled as was a future scenario for 2050 (i.e. 2050-2059) for the B2 SRES scenario.
Only 2050 was modelled and only under the B2 scenario because analysis of the projected changes to
the key input variables to coastal modelling revealed minimal differences between 2030 and 2050 or
A2 and B2 – so B2 2050 was chosen and modelled in detail.

46 | P a g e

Climate Change Impact and Adaptation Study in Mekong Delta – Part A

4. Ca Mau Province
With a total population of more than 1.2 million, Ca Mau’s economy grew robustly in the period
2001-2010 with an annual GDP growth rate of 12 percent as compared with an annual growth rate of
eight percent in the previous period of 1996-2000. In 2009, total provincial GDP reached US$1,107
million and GDP per capita increased from US$640 in 2006 to US$923 in 2009. Projected GDP
growth for the period 2010-2030 averages eight percent, declining to about 5 percent for 2030-50.
Key drivers underpinning the province’s robust growth were the implementation of various
investment related laws and polices resulting in a higher efficiency of capital allocated in the
province. As a consequence private investments also grew strongly with significant spill-over effects
to other economic sectors.
In 2005, there were only 200 registered companies in the province consisting of Small and Medium
Enterprises (SMEs). This has now increased to more than 1,800 mainly in agro-processing sectors
(fish, shrimp, lobsters, crabs). Factories have invested in modern technology such as cold storages,
packing and sorting equipment and are now able to supply high and consistent quality products
allowing them to enter highly demanding overseas markets.
Another driver of Ca Mau’s impressive economic performance has been investments in social (e.g.
schools and hospitals) and physical infrastructure (e.g. roads, power and water management). These
investments have had direct impact on jobs created but have also laid the foundation of infrastructure
required for its sustained economic growth. At US$186.7 million in 2010, these investments have
grown robustly at an average rate of 14% per year.
A salient investment project realized in the last year is an industrial cluster comprising gas, power and
fertilizer production with an investment value exceeding US$1 billion. It comprises two power plants
with an installed capacity of 1,500 MW, a fertilizer production plant of 800,000 tons per year and a
wide array of infrastructure components. These investments ensure that Ca Mau can further develop
its economic potential and sustain its growth in the medium and long term.
The following sections provide a profile of the makeup of the province. The profile describes the data
that contributes to the vulnerability indicators used in the vulnerability analysis. The indicators are
discussed by sector, and the chapter focuses first on measures of the social structure then looks at the
economic makeup of Ca Mau. A description of the landuse is used to inform a discussion of the
agriculture and livelihoods. The industries of the province and the energy system are then outlined
followed by a discussion of the urban settlements and transport system.

4.1 Population and People
Ca Mau’s total population exceeds 1.2 million people (2010). Its capital city is Ca Mau City and it has
eight districts (Figure 18) and 101 communes and towns. The Key demographic statistics of the
province are shown in Table 20. The average population density is 226 person/ km2 which is lower
than the national density (260 persons/ km2) and that of other provinces in the Mekong delta (425
person/ km2). Population growth is 1.3 percent per year and females account for 49.6 percent of total
provincial population.
Ca Mau City has the highest population density with 863 person/ km2 followed by Cai Nuoc district
and Tran Van Thoi district with population densities of respectively 331 person/km2 and 260 person/
km2. Ngoc Hien district has the lowest population density with only 107 person/km2. Urban
population is 20% versus 80% living in rural areas. Ca Mau’s immigration rate is 0.4% and
emigration rate is 0.7% resulting in a net migration rate of -0.3%.
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Figure 18 - Ca Mau Administrative Map.
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Table 20 - Ca Mau - Key demographic indicators (2011).

Item

Measure

Value

Total population

Number

1.206,980

Districts

Number

8

Communes/towns

Number

101
2

Population density

Number/km

226

Female population

% of total population

49.6%

Population growth

% per year

1.3%

Net migration per year

% per year

(-) 0.3%

Source: District Survey (2011).

A further breakdown in area (km2), population and population densities for each of the eight districts
and the provincial capital, Ca Mau City, is depicted in Table 21 below. U Minh is the largest district
in size with a relatively small population of over 100,000. As a result its population density is the
lowest in the province. After the provincial capital, Cai Nuoc has the highest population density with
331 persons per km2. Tran Van Thoi has the highest population and a high population density as
compared to the provincial average of 226 per km2.
Table 21 - Ca Mau - Areas and population per district (2010).

District

Area (Km2)

Population

Population density
(Pers./km2)

Ca Mau City

250

215,990

863

Thoi Binh
U Minh

640
775

134,656
100,048

210
129

Tran V. Thoi

716

186,570

260

Cai Nuoc

417

137,878

331

Phu Tan

464

104,284

225

Dam Doi

826

182,403

221

Nam Can

509

66,541

131

Ngoc Hien

733

78,610

107

5,331

1,206,980

226 (average)

Total
Source: District Survey (2011).

These population densities per km2 are depicted in Figure 19 and shown graphically in Table 21. Ca
Mau City has the highest population density and Ngoc Hien the lowest population density per km2.
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Figure 19 - Ca Mau Population Density Map.
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Average
Ngoc Hien
Nam Can
Dam Doi
Phu Tan
Cai Nuoc
Tran V. Thoi
U Minh
Thoi Binh
Ca Mau

226
107
131
221
225
331
260
129
210
863
0

200

400
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800
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Figure 20 - Ca Mau-population density/km/2 (2010). Source: District Survey (2011)

Ca Mau can be classified as a rural province with a 79% of the population living in rural areas and
21% living in urban areas. Ca Mau City has the highest percentage living in urban areas, as expected,
amounting to 60 percent.
At the district level, significant variations exist with Thoi Binh, U Minh and Cai Nuoc being
predominantly rural as compared to the provincial average of 79%. This is illustrated in Table 22
below. Two districts have a markedly higher urban population than provincial average: Tran Van Thoi
and Nam Can. Ngoc Hien is the lowest with no urban population and Dam Doi follows with only five
percent living in urban areas.
Table 22 - Ca Mau - Urban and rural population per district 2010 (# and %).

Districts

Urban
Population

% Urban

Rural
Population

% Rural

Ca Mau City

130,450

60%

85,540

40%

Thoi Binh

10,340

8%

124,316

92%

U Minh
Tran V. Thoi

6,712
42,908

7%
23%

93,336
143,662

93%
77%

Cai Nuoc

14,046

10%

123,832

90%

Phu Tan

15,267

15%

89,017

85%

Dam Doi

9,148

5%

173,255

95%

Nam Can

18,600

28%

47,941

72%

Ngoc Hien

0

0%

78,610

100%

247,471

21%

959,509

79%

Total

Source: District Survey (2011).

4.1.1

Socially Vulnerable Groups

Ca Mau has about 20 ethnic minorities. The Kinh represent 97% of total minorities, followed by the
Khmer (2%) and others (1%) including Hoa, Cham, Tay, Muong and Thai. The total ethnic minority
population stands at 48,840 people (2010) or about four percent of Ca Mau’s population. Of crucial
importance to this study is that the Khmer’s poverty rate exceeds 30%. The Khmer population
(40,412) predominantly live in rural areas, mainly in Thoi Binh, Tran Van Thoi, Dam Doi and U
Minh districts and have agricultural occupations. The other minorities live dispersed in the districts
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and do not have salient poverty characteristics. Table 23 below depicts the ethnic minorities’
population in total and as a percentage of the population for each district.

Table 23 - Ca Mau – Ethnic Population 2010.

District

Ethnic Minority
Population

% Total
Population

Ca Mau

8,485

4%

Thoi Binh

10,239

8%

U Minh

5,331

5%

Tran V. Thoi

10,239

5%

Cai Nuoc

2,412

2%

Phu Tan
Dam Doi

3,371
6,602

3%
4%

Nam Can

2,039

3%

Ngoc Hien

2,925

4%

Total/average

48,840

4%

Source: District Survey (2011).

Table 23 is summarized in Figure 21 below. Thoi Binh has the highest percentage of minorities (eight
percent) in the province and Cai Nuoc the lowest (two percent).Provincial average of ethnic minorities
stands at four percent of the total population.
Average
Ngoc Hien
Nam Can
Dam Doi
Phu Tan
Cai Nuoc
Tran V. Thoi
U Minh
Thoi Binh
Ca Mau

4%
4%
3%
4%
3%
2%
5%
5%
8%
4%
0%

1%

2%

3%

4%

5%

6%

7%

8%

Figure 21 - Ca Mau - Ethnic Minorities 2010 (Percentage of Population). Source: District Survey (2011)

4.1.2

Poverty Incidence

Ca Mau’s official poverty rate stands at eight percent of the total population (2010). The new poverty
thresholds issued by the Government of Vietnam (GOV) in 2010 define poverty as:
Rural Areas: VND400,000 per capita/month
Urban Areas: VND500,000 per capita/month
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Using these thresholds the percentage of the population classified as poor is depicted in Figure 22
below. There are a number of districts with significantly higher incidence of poverty than the
provincial average. These are U Minh, Dam Doi and Ngoc Hien. In contrast, Ca Mau City and Thoi
Binh score significantly lower.
average
U Minh
Tran Van Thoi
Thoi Binh
Phu Tan
Ngoc Hien
Nam Can
Dam Doi
Cai Nuoc
Ca Mau

13%
21%
12%
8%
9%
19%
11%
18%
12%
2%
0%

5%

10%

15%

20%

25%

Figure 22 - Ca Mau - Poverty rates per district 2010 (%).Source: District Survey (2011)

4.1.3

Unemployment

Official unemployment in the province currently stands at five percent of the active population (2010)
but significant variations exist between the districts depicted in Figure 23 below. Dam Doi has a high
unemployment of 19 percent and also Thoi Binh stands out with a rate of nine percent. The reasons
for such high unemployment rates were not identified in the District Survey. Only the lack of
employment opportunities in the agricultural and commercial sectors was quoted.
average

5%

U Minh

2%

Tran Van Thoi

3%

Thoi Binh

9%

Phu Tan

3%

Ngoc Hien

4%

Nam Can

3%

Dam Doi

19%

Cai Nuoc

3%

Ca Mau

3%
0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

Figure 23 - Ca Mau – District Unemployment % (2010). Source: District Survey (2011).

4.1.4

Health

Table 24 below presents the key health Indicators for the province.
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Table 24 - Ca Mau – Provincial Health Indicators (2010).

Indicator

Total Number

Number of Inhabitants per
Indicator

44

27,431

2,795

431

851

480

Health establishments
Patient beds
Medical doctors
Source: District Survey (2011).

These health indicators broken down to the district level are presented in Table 25. Thoi Binh and
Tran Van Thoi have a lower than average number of heath establishments.
Table 25 - Ca Mau- district key health indicators (2010).

District

No. health establishments

Number of Inhabitants per
Indicator

Ca Mau City

12

17,999

Thoi Binh

4

33,664

U Minh

4

25,012

Tran V. Thoi

4

46,643

Cai Nuoc

4

34,470

Phu Tan
Dam Doi

4
4

26,071
45,601

Nam Can

4

16,635

Ngoc Hien

4

19,653

Total

44

27,431

Source: District Survey (2011).

The number of inhabitants per medical doctor in Ca Mau City and Nam Can are significantly higher.
Figure 24 presents the number of inhabitants per medical doctor for each district. In Phu Tan and
Ngoc Hien districts, each medical doctor has to attend a significantly higher number of inhabitants
than the provincial average. Note for this indicator is reverse to many others as the lower the value,
the higher the number of medical doctors relative to the population.
Average
Ngoc Hien
Nam Can
Dam Doi
Phu Tan
Cai Nuoc
Tran V. Thoi
U Minh
Thoi Binh
Ca Mau

2,718
13,102
1,751
2,400
5,489
1,838
3,392
4,002
3,847
1,878
0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

Figure 24 - Doctors per number of inhabitants. Source: District Survey (2011).
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4.1.5

Education

Adult literacy rates are presented in Figure 25. The provincial average of adult literacy rate is close to
100%, although Tran Van Thoi (90%) and Nam Can (96%) have lower rates. Underpinning
explanations for this discrepancy could not be provided. As is widely recognized, education
determines to a great extent an individual’s earning potential. Educational levels, and by extension
GDP/per capita, determines a population’s earning potential and is therefore an important measure of
a population’s adaptive capacity (or ability to cope with climate change impacts).
average

98%

U Minh

100%

Tran Van Thoi

90%

Thoi Binh

100%

Phu Tan

99%

Ngoc Hien

99%

Nam Can

96%

Dam Doi

99%

Cai Nuoc

99%

Ca Mau City

100%
84%

86%

88%

90%

92%

94%

96%

98%

100%

Figure 25 - Ca Mau – Adult Literacy Rate 2010 (%).Source: District Survey (2011).

The number of inhabitants per teacher at the district level can be used to determine if there are
sufficient educational opportunities for the population without the need to migrate to a provincial
capital. The number of teachers per population by district is shown in Figure 26. Provincial average of
number of teachers per population stands at 127 (one teacher per 127 inhabitants). Both Cai Nuoc and
Ca Mau City score higher than provincial average. Ngoc Hien shows a significant variation with only
six teachers/’000 population (or one teacher per 170 in habitants). Like the health indicator, this
indicator is reverse to many others as the lower the value, the higher the number of teachers relative to
the population.
Ca Mau

107

Cai Nuoc

87

Dam Doi

142

Nam Can

116

Ngoc Hien

170

Phu Tan

96

Thoi Binh

124

Tran Van Thoi

156

U Minh

144

Average

127
0
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80

100

120

140

160
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Figure 26 - Ca Mau - Teacher per number inhabitants (2010). Source: District Survey (2011).
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4.2 Provincial Development Context
Commencing in 2000, the Government has implemented a wide array of interventions targeting the
opening of the provincial economy and reinforcing its productive structure. In particular, a significant
area of rice paddies has been transformed into high yielding shrimp cultivation. This has further
improved Ca Mau’s competitive advantages in shrimp cultivation with significant spin-offs and
creation of jobs in the value chain (transport, processing of shrimps, agro-processing).
Down-stream these changes in productive structure have impacted the livelihood of individual
farmers and improved their income and career options. Approximately 280,000 ha are currently used
for aquaculture. This makes it the national power house in aquaculture. Aquaculture is of significant
importance to the province’s economic structure and is strongly supported by an ever increasing
demand for processed shrimps from both national and international buyers.
Total harvested aquaculture production in 2010 reached 377,500 tons and has grown strongly in the
last 10 years. Abundant production factors, such as land, water, climate and capital, resulted in
120,000 tonnes of processed output in 2010. It is of note that total shrimp export from Ca Mau
province amounted to more than US$4.3 million in 2010.
GDP per capita on average stands at about US$900 per year but significant variations exist. For
instance, Ca Mau City has a much higher GDP/per capita of about US$2,400, whilst U Minh amounts
to about US$500/per capita. GDP per capita/2010 for all districts is presented in Figure 27 below.
Average

$898

U Minh

$503

Tran Van Thoi

$622

Thoi Binh

$483

Phu Tan

$742

Ngoc Hien
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Nam Can

$1,085

Dam Doi

$869

Cai Nuoc

$737

Ca Mau City

$2,396
$0

$500

$1,000

$1,500

$2,000

$2,500

$3,000

Figure 27 - Ca Mau - GDP/capita/year 2010 (US$). Source: District Survey (2011).

Living in predominantly rural areas, the population in the province often combines activities in
various sectors. For instance, shrimp production is combined with a retail shop or restaurant, or a
family is active both in rice farming and running a construction company. These various economic
activities are often intertwined and cannot be easily be dissected. The greatest contribution to
household income is from agriculture and fisheries, followed by industry, construction and services.
Agricultural production remains stable generally producing two crops per year, mostly rice. In
addition, large areas have been transformed from paddy into higher yielding crops such as vegetables
and fruit. Also the forest covered area, which currently stands at 19 percent, is a major concern in the
province. Deforestation is occurring rapidly (exact data are not known) driven by population
pressures. The two major national parks of Ca Mau Cape and U Minh Ha preserve rare and protected
flora and fauna and offer an untapped potential for tourism.
Salient changes in the importance of economic sectors have occurred in the last five years (2005 to
2010). For instance, the industrial sector has grown rapidly driven by the strong increase in processed
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shrimp. The importance of the three main economic sectors, agriculture, industry and services, also
changed.
As depicted in Figure 28, there has been a decline in the GDP contribution of the agricultural sector
from 46% in 2005 to 42 % in 2010. An opposite trend can be observed with service activities, with the
importance of this sector’s contribution to GDP augmented as compared to 2005.

100%
90%

23%

34%

80%
70%
31%

60%

24%

50%
40%
30%
20%

46%

42%

2005

2010

10%
0%
agriculture

industry and construction

services (incl tourism)

Figure 28 - Ca Mau - GDP contribution by economic sector 2005-10 (%).Source: District Survey (2011).

Employment in each economic sector in 2010 is presented in Table 26 below. About 75% of the
population works in agriculture and fishery and only 10% of the population works in industrial
activities. Population working in services (trade, transport and tourism) currently stands at 15 percent
but is expected to grow in the coming years due to an expected increase in tourism. Detailed
information at district level could not be obtained in our field survey (2011).

Table 26 - Ca Mau - Employment per economic sector 2010 (total & %).

Economic sectors

Employees

Percentage

Agriculture, Forestry and Fishery

515,500

75%

Industry and Construction

66,500

10%

Services

96,500

15%

Total employees

687,500

100%

Source: District Survey (2011).

4.3 Landuse
The landuse of the province is shown in Figure 29, and the proportion of the total occupied by each
the major landuse types are shown in Figure 30. Landuse is dominated by aquaculture, with major
contributions from rice and forestry. The major land use types and economic sectors are discussed
below.
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Figure 29 - Land use map of Ca Mau province.
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Rice
Perenial Crops
Aquaculture
Production Forest
Protection Forest

Figure 30 - Land Use of Ca Mau Province as a proportion of the total area. Source: District Survey
(2011).

4.4 Agriculture
Ca Mau has an area of 533,318 ha, with about 300,000 ha used for low yield or mixed rice-shrimp
following strong growth in the last 10 years. The predominant crop is still rice, mainly double
cropping in salt free zones. Total land area under rice is 130,000 ha, divided into 70,000 ha with
double cropping and 60,000 ha with single cropping only. Over the last decade the area under cereal
cultivation in Ca Mau has decreased by 43 percent.
The province can be divided into 3 eco-zones:


The southern 5 districts of Cai Nuoc, Dam Doi, Nam Can, Ngoc Hien and Phu Tan,
experiencing minimal flooding but high salinity for long periods. This area is almost entirely
under aquaculture.



The two northern coastal districts of Tran Van Thoi and U Minh with a mixture of forests, rice
and, increasingly, aquaculture. This area contains the U Minh Ha national Park and most of the
production forests of the province. A series of sluice gates along rivers and canals along the
coastline is used to minimise saline intrusion to enable rice cultivation.



The two north eastern districts of Ca Mau and Thoi Binh which experience moderate flooding
and saline intrusion. This area contains much the fruit production of the province and still has
mostly rice crops around and north of Ca Mau city. Aquaculture is also becoming increasingly
important in this eco-zone.

The entire province is subject to salinity for at least some of the dry season. Flooding is only moderate
and concentrated in the centre of the province around Ca Mau, northern Cai Nuoc and south eastern
Tran Van Thoi.

4.4.1

Cropping and Livestock

Ca Mau has not experienced the same expansion in rice planting that has been seen in Kien Giang.
The area under rice, and hence rice production, has decreased slightly in Ca Mau. According to
national statistics despite decrease in area under cereals, the value of the output of agricultural
products in has remained steady since 2005 and is currently $US509 million. The usual revenue to a
rice farmers is 25 – 30 million VND per ha, yielding 5.5 t/ha.
Sugarcane area is established as just 1500 ha, mainly in Thoi Binh District, where a milling and sugar
cane factory is located.
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There are few large scale livestock operations and very little fruit farming in Ca Mau. Phu Tan
District has 10,000 ha of coconut production.

4.4.2

Aquaculture

Aquaculture is an important component of Ca Mau’s economy and is strongly supported by an ever
increasing demand for processed shrimp from both national and international buyers. In 2010 the total
harvested production reached 377,500 tonnes producing 120,000 tonnes of processed output. Total
shrimp export from Ca Mau province amounted to more than US$4.3 million in 2010. The
distribution of aquaculture in the province is shown in Figure 31.

Figure 31 - Cau Mau Aquaculture.
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Aquaculture has grown considerably in Ca Mau in recent years from 160,000 ha in 1995 to 339,100
ha in 2009. In the past the southern eco zone contained a mixed aquaculture system with crab, mollusc
and fish. The entire aquaculture sector is now dominated by shrimp farming with an area of 296,300
ha, of which 266,000 ha is extensive low-yielding shrimp or rice/shrimp farming, and 28,000 ha is
commercial fish ponds. The industrial farming area increased by 6.93 percent to 1,080 ha, and the
output increased by 28.1 percent to 12,150 million tonnes. The province’s shrimp farming area
represents over 40 percent of the shrimp farming of all of the coastal provinces in the Mekong Delta.
In comparison with 2009, the area under P.monodon increased by 5.56 percent and that under
L.vannamei increased by 11.31 percent (VASEP 2011).

Figure 32 - The rice shrimp farming system in Ca Mau. Courtesy; M Russell.

The rice shrimp system is considered to be very important for eco-balance, as the co-benefits between
the two systems are very high. This system dominates in Ca Mau, U Minh, Tran Van Hoi, and Thoi
Binh. Intensive shrimp dominates in Phu Tan, Can Nuoc and Dam Doi Districts with about 25 percent
of all aquaculture derived from the fish and crab sub-sectors.
Commercial intensive shrimp yield 5.5 t/ha and farms can gain incomes of 25-30 million VND per ha.
Typical yields for shrimp in more extensive systems is 400 kg/ha with farmers earning 25-30 million
VND /ha. In 2010 in Ca Mau it was estimated that about 80 percent of householders made an average
of 50-60 million VND/hectare/householder which is considered to equate to at least break even or an
after cost profit. About 820 hatcheries dedicated to shrimp reproduction are found in Ca Mau, Cai
Nuoc and Dam Doi districts (VASEP 2011).
There are some environmental concerns relating to the current rice-shrimp farming systems. First, the
current shrimp farming method is based on frequent water exchange (daily to weekly), which would
result in high accumulation of sediment in the rice farms in the long-term. Many farmers reportedly
dispose of accumulated sediment back into the canals or nearby river, which would induce negative
environmental impacts. Furthermore, recent introduction of exotic species and introduction of more
intensive shrimp aquaculture may also lead to more pollution in the effluent of the waste water from
the shrimp farming.

4.4.3

Fisheries

The wild fishing industry with 12,000 boats produces about 350,000 tonnes per year. Fishing is
carried out in offshore areas from larger boats, in coastal areas in small boats, and in local waterways
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or wetlands using boats or from the land. A MRC survey found that 250,487 individuals in Ca Mau,
of which 28 percent were females, cited their main job as marine fishing (MRC 2010).
Song Doc is the main fishing port in the Province, with more fish reported (72,000 + tons in 2009)
than all the other Ca Mau districts together. However, it has been suggested that only a small
proportion of the catch is actually landed there at present. Apparently, a large number of fishing boats
often serve offshore mother ships which then take the majority of the catch to Ho Chi Minh City or
Can Tho which has been designated as the major centre for fish processing in the Delta.
The official figures for fisheries catch for Ca Mau is shown in Figure 33. The figure indicates that
while the total catch has increased, the increased catch is achieved through more boats each catching
less fish. The subsequent poor return rates for individual boats means that any changes in fish
numbers due to changed fish ecology as a result of climate change will have a larger impact on
individual fishers.
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Figure 33 - Fish Catch and Fishing Effort 2001 - 2009 Ca Mau. Source: Quynh 2010.

4.4.4

Water resources

All of the canals in Ca Mau are potentially salt affected in the dry season. A series of sluice gates and
canals is presently able to keep most of Tran Van Thoi and the southern part of U Minh under rice
cropping. The shorter period of salt influence inland also allows for rice cultivation in parts of Thoi
Binh and Ca Mau districts. The rest of the province is given over to aquaculture, and salinity is
actively cultivated. Even much of the portion of the Quan Lo Phung Hiep irrigation system in Ca
Mau, which was designed to keep salinity out, is now used for saline aquaculture.

4.4.5

Natural areas, biodiversity and forests

More than 50 tons of wild honey is harvested yearly in U Minh. This mono-floral honey is very
transparent and can be stored for years.
River and canal fishing is important in Ca Mau especially in terms of diversifying income generation
streams. It is particularly associated with less productive locations such as in and around national
parks and protected areas and low lying areas used for Melaleuca.
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Of the six provinces of the Mekong Delta, Ca Mau ranked second in 2006 in terms of the extent of
production Melaleuca forest with 29,760 ha. In northern Thoi Binh, in Bien Bach, substantial
enterprise is still actively using Melaleuca to produce 3,800 tonnes of timber.
In Ca Mau, mangroves are considered as protected areas within a 1 km wide coastal belt, where
habitation is prohibited. In the Southern and SE coasts, mangrove belts are wide and well-managed,
with few coastal erosion zones. On the West coast problems are much larger, with a requirement to
establish, via natural regeneration, about 2,200 ha of new mangroves back into areas where mangrove
was previously present.
Expected mangrove dieback due to excessive salinity (above 28 g/l) and to excessive inundation is not
yet occurring.
A repeat of Typhoon Linda of 1997 would cause significant destruction to large trees in the southern
zones, now recovered after that event.
Rhizophora timber is still extracted (legally and sustainably according to provincial authorities) in the
southern and coastal zones of the province. However a report in the Vietnam News in September, 02
2011 reported that illegal logging of mangrove trees for producing charcoal in Ca Mau Cape National
Park has worsened this year and forest protection authorities could not control the situation. The forest
protection forces have found and destroyed more than 300 kilns so far this year. Each kiln has a
capacity of 40-60 kilo a day, meaning hundreds of trees are cut down every day for producing
charcoal (Vietnam News 2nd September 2011).
The output of fuelwood exploitation from natural forests in Ca Mau in 2001 was 250,000 cu meters,
worth 13,500 million VND (Do and Bennett 2008). The gross revenue from wetland fuelwood is
estimated at 7,503 million VND.

4.5 Industry
Ca Mau province’s industries are mainly primary production processing (shrimp and fish meal)
focused, with the exception of the fertilizer part of the gas-power-fertilizer complex in U Minh
district. There is also a range of smaller and less capital intensive general services provision industries
of which the largest single (informal) sector is ice making. Although rice growing is the largest land
use in Kien Giang province and the second largest land use in Ca Mau province, rice husking is no
longer a major industry in Ca Mau province as it appears that more than 90% of rice husking now
takes place in neighbouring provinces. In Ca Mau province rice production is down to nearly half its
previous levels.
There are five formal industrial zones established or being planned to be established by 2020 in Ca
Mau province, but other than the U Minh district major gas-power fertilizer focused industrial zone
the other four zones contain only eight factories to date, of which two factories are producing fish
meal. In spite of strong official encouragement of the industrial zones, there seems little compelling
reason for factories to move to the zones, industries are probably not so keen to be managed by DOIT,
and the growth of industrial zone occupancy seems likely to continue to be slow.

4.5.1

Seafood Processing

Aquaculture (in particular shrimp) processing has been an important industry in Ca Mau province
since the start of Vietnam’s economic reforms in 1979. Along with “other” seafood processing and
the transformation of low value “waste” fish into fish meal, aquaculture comprises the main Ca Mau
province formal employment industry, employing around 25,000 people. There are ambitious plans to
expand shrimp production and hence shrimp processing in the future, however the industry does not
seem to have expanded much if at all in the 2007-2010 period. Expanding shrimp production depends
on a combination of a reduction in rice production (which is still officially discouraged on food
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security grounds) as well as on an intensification of shrimp production per hectare. Shrimp production
intensification has some considerable doubts attached to its long term sustainability - based on the last
40 years’ worldwide experience of shrimp intensification where it has generally been found to not be
sustainable. Processed “other seafood” and fish meal production based on offshore caught wild fish is
the second most important fisheries industry in Ca Mau province. However, it would seem that
“other” seafood processing and fish meal production is approaching (or may have already exceeded)
its ongoing sustainable yield basis.

Figure 34 - Seafood Processing. Courtesy: Frank Pool.

Ca Mau is the largest aquaculture processing province in Vietnam, accounting for around 70% of
Vietnam’s aquaculture exports. Aquaculture inputs (esp. shrimp) are also imported from other
provinces for processing in Ca Mau province. Capital requirements ($6 - $35M per plant) for shrimp
and fish meal processing plants seem high but are actually low compared to the revenue streams of the
seafood processing plants. Capital per plant is generally equivalent to around 1 -2 months (to a
maximum of 2 years) revenue. For the estimated 15 plants in Ca Mau province = $100 -$300M total
capital investment.

Figure 35 - Seafood Processing Plant. Courtesy: Frank Pool.

4.5.2

Ship Building

There is one formal ship building plant at Nam Can that operated from 2006-08 when it built around
five 400-500 ton displacement ferries (inland canal barges), but the plant was not building any ships
when visited in March 2011. The Nam Can ship building plant can in principle build ships of up to
30,000 tons displacement. The plant still employs around 25 technical and administrative staff and
would employ another 100 - 150 staff when building ships but would have to import skilled workers
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as there are none in the surrounding area. The plant has some fixed assets. The design elevation of the
plant is 1.7 – 1.8 m ASL, but the site is apparently sinking as it is built on a peat ground site. Vietnam
appears to have an excessive number of individual ship building plants, and the isolated plant at Nam
Can is not part of any ship building cluster. The ownership of the Nam Can ship building plant has
recently been transferred to Vinalines whose core business is operating and not building ships, so it’s
long term future viability must realistically be seen as uncertain.

Figure 36 - Vinalines (formerly Vinashin) Nam Can Shipbuilding Plant – Currently Not Building Ships.
Courtesy: Frank Pool.

There are apparently 2-3 private sector ship building and ship repair plants in Ca Mau city. These
plants apparently build and repair wooden canal barges and fishing boats as well as ferries (barges) of
up to 500 tons. These other shipbuilding plants were not able to be visited, but it is understood that
they operate with minimal fixed assets.

4.5.3

Other Industrial Sectors

Ca Mau province’s 2nd largest single industry (although it is not a formal industry for statistical
purposes) appears to be ice making with around 159 plants in the province producing more than
300,000 tons of ice per year, although exact ice production figures vary considerably from year to
year and may not be fully reliable. It is estimated from site visits undertaken during the project that
there is around $400,000 capital deployed per plant, and plant economic life is around 20 years, 75%
of investment is in chillers and water treatment plant, and the rest of the capital value is in low value
simple cooling towers, ice making ponds, and lightweight buildings. For the 159 plants = $65M total
capital investment.
Printing is a large industry in terms of formal industry structure terms but little is known about its
structure. It is likely that it is a dispersed and mostly small scale industry based in urban centres.

65 | P a g e

Climate Change Impact and Adaptation Study in Mekong Delta – Part A

Figure 37 - Ca Mau Ice Making Plant. Courtesy: Frank Pool.

There is a minimal construction material manufacturing industry in Ca Mau province as there is no
local source of construction materials available for exploitation.
One 900 tpd (tons per day of sugar cane) small-medium size sugar cane processing plant was
apparently established in 1997. No specific data was able to be found on the plant and the site was not
visited during the project. The plant is expected to have an around 2 MW steam turbine operating at a
low around 3500C turbine inlet temperature to meet internal plant loads, and to not export any power
to the grid. If the plant was operating profitably and at full capacity it would probably have the
potential to double its power generation with a new high temperature boiler and steam turbine with
same waste bagasse use and export say 2MW for 6 months a year at a competitive power export tariff.
However, the plant is now apparently only operating at 40% of its former capacity so it does not seem
that the plant would be viable into the future without ongoing subsidies or other ongoing policy
support measures.
A wide range of other mainly service industries operate in Ca Mau province, such as furniture
making, construction, chop stick manufacturing, noodle making, bread making, but most are small
and have low fixed assets (primarily in buildings), with most of their capital assets being in their
machinery which is either old, portable or movable.

4.5.4

Tourism

Ca Mau has a number of important tourist attractions, including: Dat Mui national park (Ca Mau
cape); U Minh Forest; Lam Truong 184 Diversity zone; Tu Na- Nam Can bird sanctuary; Ngoc Hien
bird sanctuary; Ca Mau culture park bird sanctuary; Khoai Island; Da Bac Island; and Khai Long
beach.
Tourism in the province is still largely underdeveloped. One of the most important reasons is weak
infrastructure and the lack of a clearly defined tourist development strategy. In 2000, Ca Mau received
4,000 foreign - and 96,000 domestic visitors. In 2010, number of visitors increased up to 6,460 and
218,540, respectively. Average annual growth in tourist numbers in the period of 2000- 2010 equalled
16 percent.
There are plans to boost tourism with a new extension of Vietnam’s highway 1 to the southern tip of
Vietnam. The road is already under construction, with implications to add new energy demands and
for service industries alongside the new road and in any new settlements. However, the new road will
go through a national park and mangrove swamps, so any new electricity loads are expected to be
modest at a provincial level.
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4.6 Energy
4.6.1

Ca Mau Gas-Power-Fertilizer Complex

The largest single existing energy sector project in Ca Mau province is the PetroVietNam (PVN) Ca
Mau gas-power-fertilizer complex. This project comprises a 325 km long gas pipeline from the
Malaysian-Vietnamese shared offshore PM3-CAA field (the pipeline was completed in 2007 at a cost
of $300M, with a 30 year design life) and at Khanh An commune, U Minh District and 9 km
Northwest from Ca Mau City there is the gas-power-fertilizer complex itself. The gas-power-fertilizer
complex consists of: a gas distribution centre; two 750MW capacity conventional combined cycle gas
turbine (CCGT) power plants (one completed in 2007 and one in 2008 for a total capital cost of
$860M with a 20 - 25 year design life; and a urea fertilizer plant (to be completed in 2012 at a cost of
$600M – $900M. The Ca Mau gas-power-fertilizer complex is located at the confluence of the Ong
Doc, Cai Tau and Trem rivers, is affected by the tides of the South-western sea with a maximum tidal
amplitude of 60 cm, and the area around the site is usually flooded in the rainy season for 2 - 3
months with general flooding depth of 30 - 50 cm (CM2 DEIA). Total capital investment is $1,760 –
$2,060 million
The existing PP3 pipeline is of 18” diameter and runs from the Malaysian/Vietnamese offshore
platform that was built by the Vietnam-Russian Oil and Gas Joint Venture (Vietsovpetro). The
condensate and natural gas liquids (NGL) are removed at the offshore platform and exported by ship.
The gas has its pressure regulated and some gas heating provided to avoid any gas condensation
problems after pressure reduction at the gas distribution centre that is part of the Ca Mau gas-power
fertiliser complex. There is no LPG (nearly 10%) or CO2 (8%) separation from the gas supplied to the
two existing Ca Mau 750MW CCGT plants. There is no gas pressure drop power recovery in the
pipeline or gas treatment plant. The total gas pipeline investment was apparently initially budgeted at
$230 million, then estimated at $308 million in 2005 and apparently completed for US$214 million in
April 2007.
The Ca Mau 1 and 2 power plants comprise two separate 750MW CCGT plants designed to run on
natural gas and diesel oil. The Ca Mau 1 power plant was approved in October 2001. The feasibility
study (FS) was completed in 2005, construction started in 2006 for Ca Mau 1 and in 2007 for Ca Mau
2. The two plants were completed in 2007 and 2008 with 720MW net export power output per plant
over a 25 year design life with a total investment capital for the two power stations of US$860
million. The two F-Generation V94.3A gas turbines and the steam turbine in each unit are from
Siemens, the Heat Recovery Steam Generator (HRSG) is by Dusan, and the substations and
transformers are from Westinghouse. The two gas turbines and the one steam turbine per station each
contribute 250MW to the station’s output.
There is 33,000 tons of diesel fuel stored on site to enable the plants to run for 23 days in the case of a
loss of gas supply. The two power plants are designed to run at 90-99% capacity factor to generate 9
billion kWh annually for the national grid as base load plant plants, feeding the Vietnam national grid
through 220 kV and 500 kV high voltage transmission lines. Plant rated outputs are at 32-33C
maximum air temperature. The annual average site air temperature from 1980 - 2004 recorded at the
Ca Mau Meteorological Station is 27.2oC, with the highest temperature recorded temperature being
37.8oC and the lowest recorded temperature being 16.20C (CM2 DEIA). At up to 5C higher than rated
air temperatures, the DEIA states that more water would be pumped through the forced draft cooling
water towers and there would be no need to reduce plant power output. Cooling water for both (Ca
Mau 1 and Ca Mau 2) power plants is supplied from the nearby Cai Tau River through a 200 m long
cooling water canal. The power plants’ cooling water is 90% seawater in the dry season (32, ppt salt)
and 98% fresh water in the wet season (5 ppt salt compared to sea water at 35 ppt). Cai Tau river
water flows are affected by the operation of the sluice gates at Tac Thu.
The power plant sites are apparently 1.57 m to 2.84 m above water level (AWL) which seems realistic
(see photo below) but this could not be checked against the FS (Feasibility Study) figure as there was
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apparently no copy of the FS on site. The DEIA of June 2006 for power plant 2 (CM2 DEIA) states
that the construction site was to be prepared and levelled to +1.97 m (at the boundary) and +2.84 m
(at Centre) by geo-textiling/vacuum pumping and geo-textiling /consolidating, but it is not known if
this was exactly followed. It is not known if sea level rise (SLR) or other climate change effects were
considered in the plant design, but as there is not mention of designing for climate change effects in
the June 2006 DEIA for the Ca Mau power plant 2 it therefore seems likely that climate change
effects were not actually explicitly considered.

Figure 38 - Ca Mau Power Station. Courtesy: Frank Pool.

There is a major Ca Mau fertilizer (urea) project currently already under construction for 2012
completion at Khanh An commune, U Minh District by PetroVietNam. The project is being built next
to the Ca Mau power plants 1 and 2 as part of the Ca Mau gas-power-fertilizer complex, has a 30 year
design life, will produce 800,000 tons/year of urea (which is an output equivalent to 40% of
Vietnam’s urea use), and will double Petro Vietnam’s annual urea production capacity. The plant uses
technology that is very similar to the existing Vang Tau fertilizer plant North-East of HCMC in
Vietnam, and uses a Danish technology ammonia plant, an Italian technology urea plant, Japanese
technology urea granulation plant, utilities from various countries, and is being built by a Chinese
EPC construction company. The plant will utilize a 17MW electrical supply from the adjacent Ca
Mau power plant 2, as well as being connected to the grid, and it will also have a 2MW back up diesel
generator. The granulated urea output will be sold in the Mekong Delta, Thailand, the Philippines and
Cambodia. The granulated urea will be exported by ship from the gas-power-fertilizer complex’s
adjacent 4 m draft wharf. The fertilizer plant feasibility study was apparently finalized in 2006. As the
site has never had inundation issues, and did not suffer any impact from the major typhoon Linda in
1997, it was concluded that the site did not need to consider any special flooding impact or any site
protection considerations. The plant’s management unit clearly considered that climate change is an
environmental issue, alongside waste management and cooling tower make up water supply. The site
is 2.38 m AWL according to the site plans on the wall at the EPC contractor’s site office.
The PM3 gas field supplying the Ca Mau gas-power-fertilizer complex is expected to start to
significantly deplete from 2023 and to be completely depleted by 2033. From 2023 the Ca Mau gaspower-fertilizer complex will need to utilize gas from the new Vietnamese Block B offshore gas field
(but this in turn is expected to be completely depleted from 2033), from new yet to be developed
fields, or to import LNG. So it is realistic to assume that the Ca Mau gas-power-fertilizer complex
will have minimal residual value from around 2030 onwards. No evidence could be found that climate
change related sea/water level rise, increased cooling water supply temperatures, increased ambient
temperatures, or increased salinity were considered in the planning of any part of the Ca Mau gaspower-fertilizer complex. Copies of the Feasibility Studies were requested in three separate site visits,
no copies were known to be on site nor was it known where an FS copy could be obtained.
The existing two Ca Mau power plants are claimed to be 1.57 - 3.2 m AWL and the fertilizer plant
currently under construction is apparently 2.32 m AWL). The current gas distribution plant and the
proposed new gas processing plant seem to be at no immediate risk of inundation from tides and/or
wet season inundation. Both the existing and the new elements of the gas-power-fertilizer complex
could be relatively easily and cost-effectively defended against sea level rise or flooding from
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increased likelihood of extreme weather events with technically straightforward and cost-effective
dykes and pumps as required.
Some minor corrosion was already noticeable at some existing gas distribution centre pipework. At
the Ca Mau power plant No 1 there was considerable corrosion apparent in minor nuts, bolts, and
brackets, also corrosion was apparent in the cooling tower concrete structure. Any changes in dry
season salinity would therefore exacerbate this existing corrosion problem. This issue of early
corrosion at the Ca Mau gas-power complex would seem to be a more significant issue for attention
than any slight reduction in the already very high thermal efficiency of the two power plants, which
would be hastened by increased temperatures.
For the Ca Mau gas-power-fertilizer complex both at an overall level and for its individual
components, climate change was clearly seen to be an environmental issue to be dealt with by the
environmental team, and not a business investment strategic issue. No information could be found
from the relevant environmental management staff as to site heights above water level, nor any need
to consider the practicalities of defending the site against any water level rise or other climate change
effects. There was apparently no consideration of climate change impacts in the current five year
power plant rehabilitation project.

4.6.2

Electricity Transmission and Distribution System

Ca Mau has an extensive medium voltage (4,122.5 km of 22/12.7 kV lines of which 2865 km is 12.7
kV single phase) and low voltage (5,317 km of 380/220 V of which 5204 km is single phase 220V)
distribution system. The major distribution components are shown in Figure 39. The distribution
system poles mostly date from 1997 and apparently have a 12 - 15 year (salt / fresh water) design
economic life. The high voltage 110 kV and some old 35 kV) high voltage transmission system
towers/poles and transformers should have a 30 year economic life. Total distribution system capital
investment = $34M.
The power distribution system is generally technically reliable to international standards; apparently
there were only 24 power outages of over 10 minute’s duration in 2010 in the Ca Mau provincial
22/12.7 kV medium voltage lines. The EVN (state owned Electricity Vietnam) Ca Mau distribution
company expects to only lose 2 – 5% of low/medium voltage poles in a major 1997 typhoon Linda
type extreme weather event, but this could be an underestimate and could usefully be examined
further in follow up studies to this ADB TA. There is a planned low/medium voltage distribution
system replacement program at the end of its design life. So the worst case (cost wise) impact of
increased salt water intrusion would be to accelerate the respective replacement poles/wires/insulators
replacement program from its (design) 15 years down to 12 years. The installed low/medium voltage
pole cost is $100 - $150 per pole. The total number of poles in Ca Mau province is around 100,000
and around 30% of poles are already in salt water affected areas.
In 2010, there was around 100 hours/year of dry season rotating power cuts from insufficient hydro
water storage in the integrated EVN Vietnam power generating-transmission-distribution system.
Many industries therefore have back-up diesel generators.
The 110 kV inter-province and 220 kV and 500 kV high voltage national-backbone power grid is
managed by the EVN owned Southern Grid Company based in HCMC.
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Figure 39 - Ca Mau Electricity Network.
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Figure 40 - Examples of 22 kV 3-Phase Medium Voltage (with cross arms) and 220 kV Single Phase Low
Voltage Poles (no cross arms) in a Typical District Urban Setting. Courtesy: Frank Pool.

There are plans for Ca Mau provincial electrification to be extended to an additional 15,000
households by 2015 to give 99% electrification coverage, which would probably be close to the
ultimate practical electrification limit in Ca Mau province. Est. capital cost = $8 million.
There are strong plans that are apparently approved (and apparently now at the detailed design stage
and waiting for its geological survey to be approved) for a new 400 km long gas pipeline (246 km
offshore and 152 km onshore) from the new Block B offshore gas field, a new gas processing plant,
new LPG and condensate export pipelines to the coast and to an offshore ship loading platform, and a
new gas pipeline to Can Tho - in particular for the planned O Mon power plant complex with five
750MW CCGT (Combined Cycle Gas Turbine) units. The new 28” diameter Block B – O Mon gas
pipeline would supply natural gas from a new 100% Vietnamese gas field owned 51% by Petro
Vietnam (also Chevron, Japan's Mitsui Oil Exploration Co and Thailand's PTT Exploration and
Production ) to Ca Mau. The new development is planned to include a new LPG and condensate
separation plant and separate 6” diameter condensate and 8” diameter LPG export pipelines located 3
m from the existing PP3 pipeline route to the coast, the pipelines would travel 29 km to Moi Tram
where there would be shore based storage facilities and then travel 19.8 km through two 12” diameter
pipelines to an offshore docking point for export via 3,500 ton ships. Some of the new natural gas
would be needed for the Ca Mau fertilizer (urea) processing plant currently under construction and
which apparently will lack sufficient gas to operate at full output without the new gas pipeline. The
gas from the new pipeline would also be needed for the two 750MW Ca Mau power stations as their
current gas supply is only expected to be sufficient until around the year 2023. The new 28” O Mon
gas pipeline and associated infrastructure construction is scheduled to take 36 months. The new
pipeline will almost certainly proceed as it is needed to supply the necessary gas to run the fertilizer
plant at full output, as there is not enough gas available from the existing PP3 pipeline for the two Ca
Mau power stations and the fertilizer plant to all run at full output.
There are plans to build a new pipeline on a new route from the existing Ca Mau gas processing plant
site, across Hau Giang, Kien Giang, and Bac Lieu provinces to O Mon near Can Tho City, capacity
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18.3 million m3/day (6.4 billion m3/year) – to supply new 5*750MW CCGTs power plants in Can
Tho province. The project has been approved by the government, however the feasibility study (FS) is
not yet apparently completed and EPC contractors do not seem to have yet been chosen. The
scheduled construction period is 36 months. The new development would involve new pipelines
parallel to the existing PP3 gas pipeline from the coast to the existing Ca Mau gas distribution site,
and a new gas processing plant is to be built next to the existing Ca Mau gas pipeline-power-fertiliser
complex. Asset value for the new gas pipeline and gas processing plant = $1.5 Billion.

4.6.3

Other Energy Sources

LPG is widely used for cooking, but some poor rural people cannot afford LPG and use fuel wood
and/or charcoal instead (made from mangroves and presumably other tree species as well).
Around 0.5 – 0.7% of households in electricity reticulated areas are too poor to use the electricity
distribution system that is already running past their dwellings, they use kerosene lamps instead.
These households are thought to disproportionately include ethnic minorities.
Around 100 animal waste bio-digesters are thought to be in use, and there is probably not a great
scope for more as Ca Mau province is not a major livestock producer with significant concentrated
animal waste availability. At least two charcoal manufacturing plants are in production in Ngoc Hien
district, apparently using mangroves as input material, but their scale and output is unknown.
There is some use of loose bulk rice husks and rice husk blocks for fish meal drying and household
cooking, also some coal and fuel oil is used in the aquaculture processing industry. Overall use of
fuels for process heat in Ca Mau province appears to be small. There is some use of mangrove wood
and coal for (mostly wild) shrimp and offshore fish drying which is widespread at a rural household
small business level, but as this is an informal industry no official statistics are available.
Two 10MW grid connected rice husk/straw fuelled power plants are included in future provincial
development plans to be developed in three northern rice growing areas. The rice husk/straw power
plant concepts would each have a 3-5 ha plant area and they are proposed to be implemented by
private developers for 2015. It does not appear that detailed investigations or design work has been
undertaken to date. With most rice now being husked outside Ca Mau province, and rice production
down 40% from its peak, it would seem more likely that rice husk power plants would be built in the
neighbouring provinces near to the existing rice husking plants in other provinces. At an est.
$1500/MW, the asset value for 20MW of rice husk fired plant = $30 M.

Figure 41 - a) Household Dried Wild Shrimp Sorting and b) Rice Husks for Fish Meal Factory Thermal
Use. Courtesy: Frank Pool.
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4.7 Transport System
For hundreds of years transportation of goods
and people throughout Ca Mau Province (and
the rest of the Mekong Delta) has predominantly
been via inland rivers and canals. The major
canals and waterways of the Ca Mau Peninsular
are shown in Figure 42. Settlements sprang up at
confluences and dwellings typically located
along the elevated banks of canals dug for
communications, development or water control.
Trade managed to develop and thrive using the
many thousands of kilometres of interconnected waterways which in turn are linked to
provincial and international markets. Even today
it is quicker (and about the same price) for
travellers to use either a hydrofoil or a slow boat
(between 3 – 5 hours) between Ca Mau and
Rach Gia cities than a bus (6 – 7 hours). With at
least 4 trips each way per day, the slower boats
also allow the transport of motorcycles, thereby Figure 42 - Main Inland Waterways Ca Mau.
eliminating the heavy wear and tear which Province (Vietnam Inland). Source: Ian Hamilton.
would otherwise be experienced using the land
route. The current combined road and waterway transport network of Ca Mau province is shown in
Figure 44.
The linkages between economic activities, transportation
and the main settlements are shown conceptually in
Figure 43. Essentially, water is the key to the transport of
heavy/bulky products to processing centres because it:


Can take bigger loads (roads are effectively
constrained to 18 tons even assuming
bridges have that capacity: the wide range
of barge types can take between 20 - 100
tons)



Is cheaper (up to 60% according to
discussions with the DoT),



Can reach remote areas whereas the road
system has limited access (Class I or II
roads); and there are still vehicle ferries to
cross major rivers even on national roads



Is convenient: it allows goods to be
delivered door to door with minimal fuss (of
the 69,000 boats identified by the DoT at
end 2010 only 25,000 were registered) and
avoiding checkpoints on roads for those
maintaining it, the cost is about 20 percent
of typical road maintenance costs.

Figure 43 - Linkages between economic
activities, transportation and the main
settlements. Source: Ian Hamilton.
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Figure 44 - The Ca Mau Transport Network.

It is claimed that the inland waterway system accounts for over 80% in tons and tons/km of the total
goods production in Ca Mau province, (World Bank, 2007). The proportions of goods carried by the
two modes in the Mekong overall is shown in Table 27. Only perishable, small size or valuable
cargoes, such as fisheries products, use roads in any significant way.
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Table 27 - Modal Split for Freight Transport in the Mekong Delta (2007).

Category

Road

Water

Rice

7%

93%

Sugar
Fishery Products

18%
63%

82%
37%

Fertilizer

1%

99%

Cement

3%

97%

Construction materials
Coal

1%
14%

99%
86%

Refined oil

4%

96%

Wood

22%

78%

Steel

36%

64%

Source: World Bank (2007).

Figure 45 - Typical road and canal layout and standards Ca Mau Province. Courtesy: Ian Hamilton.

Song Doc town is the main fishing port in the Province, with more fish reported (72,000 + tons in
2009) than all the other Ca Mau districts together, (Tran Thi Phung Haa, 2010). However, it has been
suggested that only a small proportion of the catch is actually landed there at present. Apparently, a
large number of fishing boats often serve offshore mother ships which then take the majority of the
catch to HCMC or Can Tho which has been designated as the major centre for fish processing in the
Delta. Although some fish is sent onwards to Ca Mau City, the local road and bridge system is
inadequate to take heavy goods vehicles. Observation of market stalls in Song Doc town suggests that
stocks and variety of fish species for sale locally are limited.
The situation for transporting aquaculture products from the southern Districts to Ca Mau City is
similar. There is a small vehicle ferry over the Bay Hap River south of Ca Mau City which again
constrains goods transport by road. Hence fresh produce is mostly shipped by canal north to Ca Mau
City. One complication in the equation is that produce must be delivered within 8 hours to remain
fresh for processing. Information from the DoC suggests that it can be delivered within 2 hours by
canal.
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Figure 46 - Main road into Song Doc and the Ferry over Bay Hap river. Courtesy: Ian Hamilton.

Access from the north is also constrained by the
current standard of roads (sealed 3.5 metre
carriageway) and bridges. One bridge at Tan Loc
Commune has a capacity of 6 tonnes (wood &
steel) with a single lane. Another single lane all
steel bridge in the vicinity has an 8 tonne limit.

Figure 47 - Bridge at Tan Loc. Courtesy: Ian
Hamilton.

4.7.1

Roads

It is clear from the limited length (392 km) of strategic (National/Provincial) roads within the
province that there has been little focus on road building in the past and that which does exist is not
built to high national or provincial standards. This situation has further reinforced the dominance of
water, especially for the transport of goods. For personal travel and for transport of relatively small
amounts of goods the motorbike is the most practical and cost efficient means as many bridges are too
narrow for larger vehicles.
The current position for National and Provincial Road provision (hierarchy level and lengths) in the
Province is shown in the next chapter together with details of planned upgrades of existing routes as
well as new strategic roads.

4.7.2

Airports

There is a domestic airport at Ca Mau City which is located about 2 metres above sea level and is
currently well drained with a network of surrounding canals. There are currently two daily one hour
flights to and from HCMC with Vietnam Airlines. A small military airfield exists in Nam Can.
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4.8 Urban Settlements
Amongst the 9 Districts in the province, Ca Mau City has a high level of centrality in terms of its
provision of high level services and is a magnet for investment and residency compared to other
centres. In the 5 official standard classes of urban centres (see Table 29), Ca Mau City is the only one
not considered as Class 5 as shown in Table 28.
Table 28 - Current Urban Population (2008).

No.

Centre

Urban
Population

Area
(km2)

Density
(pp/km2)

Class

1

Ca Mau City

145,118

70.74

2,051

III

2

Nam Can Town

19,054

27.08

704

V

3

Song Doc Town

32,050

33.49

957

V

4 – 15

All other centres

< 15,000

V

Source: Provincial Development Report 2008.

Ca Mau City is the administrative and commercial centre: it is also the main location for processing of
the outputs from the region’s primary sector. It is located inland but is well served regionally by both
water and road (Highway 1 linking east to Can Tho) access.
Nam Can town, the southern port, has been chosen as one of 15 identified coastal economic zones in
the country. It is currently a key transit centre for aquaculture products in the southern part of the
Province.
As the main port on the west coast, Song Doc town has Marine Economic Town status but is not the
District’s administrative centre (Tran Van Thoi Town). It serves as the base for small (<2,000 tons)
fishing boats.

Table 29 - Hierarchy of Urban Centres (Asian Development Bank).

Class

Type

I

National centres. Very large cities, which play an important role in national development.
Population not less than 1 million

II

Regional centres. Large cities which play an important role in development of a territory.
Population from 350,000 to 1 million.

III

Provincial cities. Large-medium size towns, which play an important role in development
of a province or sector in a territory. Population from 100,000 to 350,000.

IV

Provincial towns. Small-medium size towns, which play an important role in development
of a province. Population from 30,000 to 100,000.

V

District towns. Small towns, which play an important role in development of a district.
Population from 4,000 to 30,000 persons.
Others District towns and clusters
Source Asian Development Bank.
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4.8.1

Urban Utilities

4.8.1.1

Urban Water Supply

The Ca Mau Water Supply, Sanitation and Urban Works (CMWSSUW) Company supplies 8 out of 9
Districts (except Ngoc Hien) in Ca Mau Province with treated piped water. The coverage is about
200,000 people which is close to the estimated current (2009) total urban population of around
260,000 persons. Consumption is around 60,000 m3 per day or 300 litres/capita/day delivered,
although “unaccounted for water” is thought to be about 34%. The price of water to the consumer is
subsidised at 4,100 VND/ m3 (20 cents).
Ca Mau City
There are 2 new water plants producing 4,800 m3 and
7,200 m3 per day. Together they cover 55% of current
needs although they are currently working well below
capacity. The depth of the wells is 260 metres. They
are supplemented by 18 smaller older wells. The
overall network is not fully automated. The
CMWSSUW can monitor what is happening in other
wells but cannot centrally coordinate flows. The
system is now pressurised from the plants: water
storage towers are no longer used. Water treatment at
the new plants is through sand filter; flocculation
(ferrous oxide) and chlorination. There are no extra Figure 48 - New water treatment plant Ca Mau.
additives or other treatments as pH and quality are Courtesy: Ian Hamilton.
within standards. Apart from one small well (Station 1
at Ly Thuong Kiet Street at 120 metres) all wells have a depth range between 230 and 261 metres.
Use of UPVC pipes is being discontinued and replaced by High Density Polyethylene (HDPE). These
are 1.5 times more expensive but the underlying geology is so soft that the UPVC pipes move and
leak at the joints.
The level of fresh groundwater is declining. Previously fresh water could be found at 5 – 6 metres
down but now it is at least 20 metres. The CMWSSUW has to locate wells further from town to find
fresh water. The CMWSSUW is unable to manage/control the many thousands of private wells and
those of industries (especially seafood) which drill their own wells. Permission is supposedly required
from DONRE to drill but it is unsure how many apply/obtain permits. Unregulated drilling is often
not done well so that saline and fresh water layers become mixed.
There is a salinity issue especially on the west coast. Quality in some areas is poor. In the past
individual households built their own individual wells, along rivers where they live. Erosion
sometimes caused the river banks to collapse, the wells get destroyed and river water contaminates the
well. People then build new wells and repeat the process. In urban areas, people move to a piped
supply but may not properly cap their individual shallow wells. These can then be polluted with urban
run-off and sewage.
Nam Can Town
Two wells currently provide piped water to 100% of households. One well is located in the centre of
town and one in Hang Vinh Commune. They extract water from a depth of 230 – 265 metres with
good quality. Treatment consists only of chlorination.
Song Doc Town
In the town there are 3 wells which provide piped water to the local population. The wells are around
245 metres deep. In new areas developers have to provide new wells themselves and should be at least
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180 metres in depth. Treatment is by chlorination only. Each new subdivided development block is
required to provide a new well to serve its area. Two new plants have recently been constructed in
Song Doc.

4.8.1.2

Urban Drainage, Flooding and Sewage Disposal

Ca Mau City
The drainage system is not working effectively, especially with high tides. At high tide the system is
unable to drain to the river in certain locations. This is not a recent problem but is getting worse
especially during extremely high tides (the latest was in autumn 2010). The problem is exacerbated
by:


Blockage of drains with rubbish (even
moderate rainfall causes flooding of roads as
run-off is unable to escape into the roadside
drains).



Two main output drains/gates to the river
have been rendered less effective by local
people (encroaching properties, rubbish,
collapsed road) which has reduced the flows
dramatically causing back-up and flooding.



Initial placement of drains was done without
a proper topographical survey which is
unfortunate considering that there is very
little fall/gradient available throughout the
city to ensure dispersal of regular flows

Figure 49 - Typical drain blockage Ca Mau.
Courtesy: Ian Hamilton



Surrounding lakes which formerly acted as retention ponds are being reclaimed thus reducing
storage during flooding.



Silting of drains and canals



Increased urban run-off into system



Drainage system has been incrementally added to as the city has grown but not to any overall
strategy.



Currently most buildings are reported to use septic tanks which discharge into the city’s
drainage system. Each owner is responsible for their own septic tank maintenance.

Nam Can Town
Local authorities report that floods are becoming more serious each year, especially from October –
January. The market and administrative areas flood during high tide/heavy rains. All household
sewage drains direct to canals with no treatment. Industries are supposed to treat their own waste first.
Song Doc Town
Song Doc is not currently protected by the sea dyke. The current town is compact and of high density
lying on both sides of the river close to the mouth. Flooding in the oldest parts of town along the river
is normal at high tide but only for a few hours. There is no flooding from upstream flows. All sewage
goes straight into the river with no treatment. Plans for new buildings since 2006 have to show a
septic tank to be approved so over time the situation is expected to improve.
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4.8.1.3

Urban Solid Waste

Solid Waste collection and disposal is the responsibility of the CMWSSUW for 8 out of the 9
Districts in the Province (excludes Ngoc Hien). All Districts have landfill sites with uncontrolled
dumping. Site locations are determined largely by land availability and proximity to towns. No
provision is made for containing waste and effluent within sites except for chemical spraying. No soil
covering layers are provided. In Song Doc a temporary site is located in a Protected Area: boats dump
collected waste in the mangroves where it is then redistributed by tides. Scavenging for plastics and
other saleable items occurs in several of the sites.
Collection systems range from individuals with baskets to purpose-built dump trucks collecting from
kerbside wheelie bins. In all towns it is evident that large amounts of solid waste are carelessly
dumped into waterways, along roads and in drains. These build-ups and blockages of solid waste in
the drainage system have contributed towards localised flooding. There is also potential for increased
health risks due to uncontrolled dumping. Vermin are a significant visual issue in Ca Mau City.
Floating debris is proving a common annoyance to water transport through propeller fouling.

Figure 50 - Dumping in a Protected Area, Song Doc. Courtesy: Ian Hamilton.
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5. Kien Giang Province
With a total population of more than 1.6 million, Kien Giang’s economy grew robustly in the period
2001- 2010 with an annual GDP growth rate of 12 percent as compared with a growth rate of 8 percent
in the previous period of 1996-2000 period. In 2009, total GDP of the province reached US$ 1,592
million and GDP per capita increased from US$640 in 2005 to US$946 in 2010. Economic growth is
projected at nine percent for the period 2010-30 and eight percent for 2030-50. While, as observed in
Chapter 2, the reality of these long term growth projections seems limited they do illustrate the central
governments long range planning horizon. Similar to Ca Mau, key drivers underpinning this robust
growth were the implementation of various investment related laws and polices ensuing in a higher
efficiency of capital allocated in the province. As a consequence private investments also grew strongly
with significant spill-over effects to other economic sectors.
In 2005, there were only 240 registered companies in the province consisting of Small and Medium
Enterprises (SMEs) which has now increased to more than 3,600 mainly in agro-processing sectors
(fish, shrimps, lobsters, crabs) and tourism particularly in Phu Quoc and Ha Tien. Factories have
invested in modern technology such as cold storages, packing and sorting equipment and are now able
to supply high quality products to highly demanding overseas markets.
Other drivers of Kien Giang’s impressive economic performance have been investments in social (e.g.
schools and hospitals) and physical infrastructure (e.g. roads, power, and water management). These
investments have had not only a direct impact on employment opportunities but have also laid the
foundation of the infrastructure underpinning a sustained long term growth. Currently at US$224
million in 2010, infrastructure investment has grown robustly at more than ten percent per year. Salient
infrastructure developments are predominantly located in Phu Quoc with a new North-South highway
currently being constructed. In 2013 a new international airport will be opened which will significantly
increase the number of international visitors. As a result, the island’s tourism industry is expected to
grow significantly.
Revenue from tourism amounted to VND 39.1 billion in 1998 and increased to more than 543 billion
VND in 2010. More than 2,510 people are directly employed in the tourism sector accounting for more
than 30 percent of the services sector for the province as a whole.
The following sections provide a profile of the makeup of the province. The profile describes the data
that contributes to the vulnerability indicators used in the vulnerability analysis. The indicators are
discussed by sector, and the chapter focuses first on measures of the social structure then looks at the
economic makeup of Kien Giang. A description of the landuse is used to inform a discussion of the
agriculture and livelihoods. The industries of the province and the energy system are then outlined
followed by a discussion of the urban settlements and transport system.

5.1 Population and People
Kien Giang’s populations amounted to more than 1.6 million in 2010. Its capital city is Rach Gia and it
has Ha Tien as important deep sea port connecting the city with a wide array of destinations in the
region. The province counts 13 districts (Figure 51), and 118 communes and towns. The key
demographic indicators are presented in Table 30. Average population density is 266 person/km2 which
is about equal to the national density (260 person/km2). Population growth is 1.3% per year and the
female population accounts for 50% of the total population. Net emigration is (-)0.7%, less than in Ca
Mau province, but nevertheless worrying as apparently its population still seeks economic
opportunities in provinces, mostly in Ho Chi Minh City.
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Figure 51 - Kien Giang Administrative Map
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Table 30 - Kien Giang - Key demographic indicators (2010).

Item

Measure

Value

Total population

Number

1,688,288

Districts
Communes/towns

Number
Number

13
118

Population density

Number/km2

266

Female population

% of total population

50%

% per year
% per year

1.3%
(-) 0.7%

Population growth
Net migration per year
Source: District Survey.

A further breakdown in areas (km2), population and population densities (population/km2) for each of
the districts is depicted in Table 31 and Figure 52 and Figure 53. Salient observations are: Hon Dat is
the largest district in size with a relatively small population of over 166,000. As a result its population
density is the lowest in the province. After the provincial capital Rach Gia City, Kien Hai has the
highest population density with 813 persons per km2.
Table 31 - Kien Giang - areas and population per district (2010).

Area Km2

Population

Population density
km2

Rach Gia city

103.6

224,197

2,163

Ha Tien town

98.7

44,400

449

Kien Luong district

472.4

78,165

165

Hon Dat district

1,046.7

166,797

159

Tan Hiep district

419.3

142,148

339

Chau Thanh district
Giong Rieng district

285.41
639.24

148,732
212,716

521
333

Go Quao district

439.47

136,915

312

An Bien district

400.29

122,058

305

An Minh district
Vinh Thuan district

590.56
394.74

115,634
89,814

196
228

Phu Quoc district

589.36

90,670

154

Kien Hai district

26.15

21,272

813

U Minh Thuong district

432.7

67,698

156

Giang Thanh district

407.44

27,012

66

6,436.27

1,688,228

266

District

Total/average
Source: District Survey (2011).
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Figure 52 - Kien Giang Population Density Map
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Rach Gia City
Ha Tien
Kien Luong
Hon Dat
Tan Hiep
Chau Thanh
Giong Rieng
Go Quao
An Bien
An Minh
Vinh Thuan
Phu Quoc
Kien Hai
U Minh Thuong
Giang Thanh
Average

2163
449
165
159
339
521
333
312
305
196
228
154
813
156
66
266
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Figure 53 - Kien Giang - population density/km by district, compared to average (red line). Source:
District Survey (2011).

Kien Giang can be classified as a rural province with a high percentage of the population living in rural
areas (73 percent) although somewhat lower than in Ca Mau province (80 percent).
The district level assessment of urban or rural residence is depicted in Table 32 below. As can be
observed, significant variations exist in these percentages with Ha Tien (67 percent) and Rach Gia City
(93 percent) living in urban areas, In contrast only six percent urban population in An Minh district.
Table 32 - Kien Giang- urban vs. rural population/district 2010 (# and %).

District

Urban

Urban %

Rural

Rural %

Rach Gia city
Ha Tien town

208,615
29,886

93%
67%

15,582
14,514

7%
33%

Kien Luong district

33,070

42%

45,095

58%

Hon Dat district

30,124

18%

136,673

82%

Tan Hiep district

19,318

14%

122,830

86%

Chau Thanh district

20,808

14%

127,924

86%

Giong Rieng district

17,718

8%

194,998

92%

Go Quao district

9,625

7%

127,290

93%

An Bien district
An Minh district

11,668
6,706

10%
6%

110,390
108,928

90%
94%

Vinh Thuan district

13,614

15%

76,200

85%

Phu Quoc district

52,788

58%

37,882

42%

Kien Hai district

0

0%

21,272

100%

U Minh Thuong district

0

0%

67,698

100%

Giang Thanh district

0

0%

27,012

100%

453,940

27%

1,234,288

73%

Total
Source: District Survey (2011).
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Table 32 is summarized in Figure 54 below depicting urban population as a percentage of total
population per district.
average
Giang Thanh
U Minh Thuong
Kien Hai
Phu Quoc
Vinh Thuan
An Minh
An Bien
Go Quao
Giong Rieng
Chau Thanh
Tan Hiep
Hon Dat
Kien Luong
Ha Tien
Rach Gia city

27%
0%
0%
0%
58%
15%
6%
10%
7%
8%
14%
14%
18%
42%
67%
93%
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Figure 54 - Kien Giang-urban population by district 2010 (%), compared to average (red line). Source:
District Survey (2011).

5.1.1

Socially Vulnerable Groups

Kien Giang has about 10 ethnic minority groups, and total number of ethnic people is 244,780 people
accounting for 16% of total provincial population. Khmer is the dominant group (13%) followed by
Hoa (3%) and others (Tay, Nung, Muong, Cham, Ngai, H’mong, Ede) contributing less than 1%.
Poverty ratio of ethnic people is still high except Hoa group. Poverty ratio of Khmer is 18% and for the
other ethnic groups this is about 32%.

5.1.1.1

Poverty

Kien Giang’s poverty rate stands at six percent of the total population.
The percentage of the population classified as poor is depicted in Figure 55 below. As can be observed,
various districts have significantly higher poverty percentages than the provincial average, notably
Giang Thanh, An Bien, An Minh and U Minh Thuong.
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Rach Gia City
Ha Tien
Kien Luong
Hon Dat
Tan Hiep
Chau Thanh
Giong Rieng
Go Quao
An Bien
An Minh
Vinh Thuan
Phu Quoc
Kien Hai
U Minh Thuong
Giang Thanh
Average

2%
2%
8%
4%
5%
4%
9%
9%
10%
7%
9%
2%
1%
11%
10%
6%
0%

2%

4%

6%

8%

10%

12%

Figure 55 - Kien Giang - Poverty rates per district 2010 (%), compared to average (red line). Source:
District Survey.

Official unemployment in the province currently stands at three percent of the active population (2010)
but significant variations exist between the districts depicted in Figure 56 below. For instance Kien Hai
has an employment figure of six percent, i.e. double the provincial average. Employment figures in
many districts (marked in the figure below with zero percent unemployment) could not be obtained
though as they remain unrecorded in Government statistics.
Average
Vinh Thuan
U Minh Thuong
Tan Hiep
Phu Quoc
Kien Luong
Kien Hai
Hon Dat
Go Quao
Giong Rieng
Giang Thanh
Chau Thanh
An Minh
An Bien
Ha Tien
Rach Gia

3%
0%
0%
0%
0%
2%
6%
3%
2%
0%
0%
2%
0%
2%
0%
4%
0%

1%

2%

3%

4%

5%

6%

7%

Figure 56 - Kien Giang - district unemployment % (2010), compared to average (red line). Source: District
Survey.
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5.1.1.2

Health

Table 33 below presents key health indicators at provincial level.
Table 33 - Kien Giang – provincial key health indicators (2010).

Indicator

Total Number

Number of Inhabitants Per Indicator

Health establishments

156

10,256

Patient beds

3,720

430

Medical doctors

851

1,880

Source: District Survey.

The above Key Health Indicators can now be further dissected at district level and are presented in
Table 34 below. This study focus only on the number of health establishments and medical doctors as
these drive the number of patient beds. Some salient discrepancies at district level can be observed e.g.
Hat Tien has a relatively high number of medical establishments and in Tan Hiep this number is lower.
If we look at number of medical doctors we can see Rach Gia City with a relatively low number of
inhabitants per doctor as compared to e.g. U Minh Tong.

Table 34 - Kien Giang - district key health indicators (2010).

Districts

# medical
establishments

Per #
inhabitants

# medical
doctors

Per #
inhabitants

Rach Gia City

15

14,946

542

542

Ha Tien

8

5,550

1,586

1,586

Kien Luong
Hon Dat

14
15

5,583
11,120

2,443
4,633

2,443
4,633

Tan Hiep

11

12,923

2,961

2,961

Chau Thanh

11

13,521

4,131

4,131

Giong Rieng
Go Quao

19
12

11,196
11,410

4,014
3,803

4,014
3,803

An Bien

10

12,206

3,212

3,212

An Minh

12

9,636

3,854

3,854

Vinh Thuan

8

11,227

1,952

1,952

Phu Quoc

7

12,953

2,667

2,667

Kien Hai

4

5,318

3,545

3,545

U Minh Thuong

10

6,770

8,462

8,462

Giang Thanh

0

0

4,502

4,502

156

10,822

851

1,880

Total/average

Source: District Survey (2011).
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5.1.1.3

Education

Provincial adult literacy rates are shown in Figure 57. The provincial rate is about 100 percent with
somewhat lower scores for Ha Tien (95 percent) and Giang Thanh (96 percent). Widely recognized,
education determines to a great extent an individual’s ability to generate income. It is therefore an
important measure of the population’s ability to cope with climate changes.
Rach Gia

100%

Ha Tien

95%

An Bien

100%

An Minh

100%

Chau Thanh

100%

Giang Thanh

96%

Giong Rieng

100%

Go Quao

100%

Hon Dat

100%

Kien Hai

100%

Kien Luong

100%

Phu Quoc

99%

Tan Hiep

98%

U Minh Thuong

100%

Vinh Thuan

100%

Average

99%
92%

93%

94%

95%

96%

97%

98%

99%

100%

Figure 57 - Kien Giang – district adult literacy rate 2010 (%), compared to average (red line). Source:
District Survey.

This study utilised the number of inhabitants per teacher as this allows us to pinpoint which districts
have an average ability to educate its population without the need to migrate to a provincial capital or
beyond. Provincial average of teacher per number of inhabitants stands at 203 depicted in Figure 58
below. An Bien has significantly less inhabitants per teacher than the provincial average.
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Average

203

Vinh Thuan

159

U Minh Thuong

129

Tan Hiep

196

Phu Quoc

193

Kien Luong

235

Kien Hai

259

Hon Dat

196

Go Quao

181

Giong Rieng

207

Giang Thanh

198

Chau Thanh

211

An Minh

196

An Bien

80

Ha Tien

307

Rach Gia

301
0
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100

150

200

250

300
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Figure 58 - Kien Giang – no. inhabitants per teacher in each district (2010), compared to average (red
line). Source: District Survey.

5.2 Provincial Development Context
Commencing in 2000, the Government has implemented a wide array of interventions targeting the
opening of the provincial economy and reinforcing its productive structure. Kien Giang has a more
diversified economic fabric compared to Ca Mau building on its deep-sea port at Ha Tien and a
buoyant tourism industry. In addition it also transformed low yielding paddies into high yielding
shrimp cultivation. This has further improved Kien Giang’s competitive advantages with significant
spin-offs to other economic sectors.
Both agriculture and aquaculture have seen dramatic yields increases in the last decade. Total rice
production stands at more than 3 million tonnes (2010) and the area used for aquaculture currently
stands at 107,523 ha with a total production of 318,255 tonnes (2010) creating numerous direct and
indirect jobs in the value chain.
At provincial level GDP/capita stands at US$972 (2010) but significant variations exist. For instance,
Rach Gia and Phu Quoc have a higher GDP/per capita of about US$1,450 whilst Giong Rieng amounts
to about US$547/per capita. GDP per capita (2010) for all districts is presented in the Figure 59 below.
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Rach Gia

1480

Ha Tien

1197

An Bien

729

An Minh

698

Chau Thanh

750

Giang Thanh

923

Giong Rieng

547

Go Quao

910

Hon Dat

808

Kien Hai

1323

Kien Luong

980

Phu Quoc

1456

Tan Hiep

1063

U Minh Thuong

689

Vinh Thuan

1021

Average

972
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Figure 59 - Kien Giang-GDP/capita per district 2010 (US$), compared to average (red line). Source:
District Survey.

Living in predominantly rural areas, the population in the province often combines activities in various
sectors. Shrimp production is combined with a retail shop or restaurant. As a result, the greatest
contribution to household income is from Agriculture and Fishery. Relative importance of the three
main economic sectors, being agriculture, industry and services, also changed. As depicted in Figure 60
the GDP contribution of the agricultural sector decreased from 48 percent in 2005 to 42 percent in
2010. An opposite trend can be observed with industrial and service activities and the importance of
these sectors to GDP contribution increased in 2010 as compared to 2005.

100%
80%
60%

Services

40%

Industry & construction
Agriculture

20%
0%
2005

2010

Figure 60 - Kien Giang -- GDP contribution per economic sector 2005-10 (%).Source: District Survey.

Labour structure per economic sector in 2010 is presented in Table 35 below. About 56% of the
population works in agriculture and fishery and only 12% of the population works in industrial
activities. Population working in services (trade, transport and tourism) currently stands at 32% but is
expected to grow in the coming years due to an expected increase in tourism.
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Table 35 - Kien Giang -employees per economic sector 2010 (# & %).

Economic sectors

Employees

%

Agriculture, Forestry and Fishery

493,692

56%

Industry and Construction
Trade and Services

106,660
275,218

12%
32%

Total

875,570

100%

Source: District Survey

5.3 Landuse
The distribution of the different land uses of the province is presented geographically in Figure 61. The
proportion of the total land use occupied by each of the major land use types is shown in Figure 62.
The figures indicate that agriculture, particularily rice is the dominant land use of the Province. There
is also a growing area of land under aquaculture and some forested areas. The major land uses and the
economic sectors of the Province are described below.

5.4 Agriculture
Kien Giang has a total area of 634,000 ha, with agriculture the most important component of the
primary production sector. The land use of the province is shown in Figure 62, 443,000 ha of the land
area of the province is used for agricultural production with rice farming the main agricultural activity.
The province can be divided into 3 eco-zones:
The Kien Luong/Hon Dat Square – bordering Cambodia and An Giang, affected by flooding every
year, divided into a more saline area south-west of Hon Dat’s main canal/road; and a fresh water area
to the NE of this alignment. This area is affected by flooding from September to November, with
62,000 ha under rice with harvests of 3.5 t/ha;
The central eastern districts between the Can Tho border and east of the Cai Lon River, containing Tan
Hiep, Chau Thanh, Giong Rieng, and Go Quao. This region experiences flooding but is beyond the
extreme salinity areas.
U Minh Thuong NP and An Bien/An Minh area west of the Cai Lon River with 64,000 ha of mostly
rice/shrimp that is heavily affected by saline water.
Flooding affects most of the inland parts of the province every year. Flooding, even long lasting and
deep ones were not stated as significant problems by province authorities, because the majority of the
livelihoods in the Delta are agricultural. Awareness is high of the issue in DARD and wider society.
Traditional Rice-shrimp grown in An Minh and An Bien is considered desirable because it preserves
rice production and supplies free feed for shrimps. These are now being filtered down to Commune
level targets (40 – 60 ha per year per Commune).
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Figure 61 - The Land use of Kien Giang Province.
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Aquaculture
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Figure 62 Land Use of Kien Giang Province as a proportion of the total area. Source: Project Survey.

5.4.1

Cropping and Livestock

The value of the output of agricultural products in Kien Giang has more than doubled since 1994 from
2905 Billion VND to 6344 Billion VND (at constant 1994 prices) and represents almost 4 percent of
the national output. Both agriculture and aquaculture have seen dramatic yields increases in the last
decade. Total rice production stands at more than 3 million tonnes (2010). Agriculture as an economic
sector accounts for 42 percent of the provincial GDP and it employs 56 percent of the workforce.
Since 2000 over 8000 new farms have been developed which have increased the area of the province
under rice paddy by 241 thousand ha (GSO 2011). An unfortunate trend resulting from this is a
decrease in farm size. In 1994, 28 percent of rural households on the Delta had landholdings of less
than 0.2 ha; by 1997 this figure had increased to 37 percent.

Figure 63 - Typical rice farm with vegetables, fruit, timber trees and a small pond for aquaculture.
Courtesy M Russell.

Rice farmers in the coastal zone earn a lower income than those on alluvial soil and irrigated areas of
the Delta, due to water and land constraints. In salinity areas, traditional rice is practised with one crop
per year and rice yields are low.
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North east An Bien has 3,000 ha of double cropped rice with a yield of 4.2 t/ha/crop and also produces
seed rice that is exported to other parts o Vietnam. An Bien and An Minh together have 32,000 ha of
rice-shrimp production. Yield per unit area of rice-shrimp are 300 kg/ha/crop, with rice ranging from
3.6 to 4.00 t/ha for the autumn crop; and 3 t/ha from the dry season.

5.4.1.1

Other crops

There is a small‐medium size sugar cane processing plant that was established in 1997 at Long Thanh
village in Giong Rieng District. The mill operators purchase and transport cane from most of the other
districts in the province. As cane does not transport well it requires processing plants to be nearby for
optimum prices. The current extensive dispersed cane growing in the province require plans for sugar
cane infrastructure to be developed in the future

Figure 64 - Mixed planting of rice and sugar cane. Courtesy M Russell.

There is also small scale production of a number of types of fruit in areas that are not subject to
substantial flooding and where saline water is kept out by sluice gates. These include orchards of
papaya, mangos and guava and plantations of coconuts, Pineapple (particularly in Go Quao) and
bananas. There is a large coconut plantation on the saline affected area of the eastern Bank of the Ca
Long River in the Chau Thanh district.
Phu Quoc has 300 ha of land under pepper crop averaging 3 tonnes per year. More than 700
households earn a yearly profit of 36-48 million VND per ha. There is some fruit production, with 900
ha given over to durian and mango.

5.4.1.2

Livestock

In the project survey, the animal husbandry sector was stated as being largely for domestic local use,
and that large scale specialized pig or chicken/egg farms do not exist. Duck farms are located along
canals throughout the region. Houses in urban areas have swallow roosting sites on the roof to collect
birds’-nests and 4-5 storey specialized buildings for swallow roosts. Pigeon coops are also found in
both urban and rural areas.

5.4.2

Aquaculture and Fisheries

Aquaculture is also becoming increasingly important to the province with the area used for aquaculture
increasing from 13,000 ha in 1995 to 127,523 ha today, with a total production of 318,255 tonnes
(2010). In Phu Quoc land based aquaculture produces 500 tonnes of shrimp and crab.
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The aquaculture systems in use are the same as those in Ca Mau. Yields from rice shrimp production
systems are as low as 290 kg/ha/yr. About 10 percent of the farms are semi-intensive systems with
shrimp fed on concentrate. Sale prices in 2010 were 200,000 VND/kilo at the farm gate for shrimp, and
300,000 VND for crab.
Major areas of commercial shrimp are found in Ha Tien, Kien Luong, where 1080 ha is producing
20,150 t/yr, with yields at an average of 11.25 t/ha/yr, and up to 20 t/ha. Figure 12 shows the level of
infrastructure that is required for this farming method; extensive dyke and bunds for water control,
pumps, aerators and artificial pond liners.

Figure 65 - Satellite image showing intensive shrimp farms near Ha Tien. Source: Google Earth.

5.4.3

Fisheries

Kien Giang is one of the most important provinces for fisheries production in Vietnam. The Kien
Giang Port Authority Management Board is a mixed state/private enterprise that attempts to steer all
aspects of the industry. Fishery revenues were estimated to be 8.0 billion VND in 2010 which supports
a 60,000 person labour force.
There are 11,900 boats registered in the province that work from 5 main ports with 3,350 of those
offshore vessels. Boats landing catches in the province ports are very ‘promiscuous’ arriving from all
over Vietnam. The annual catch landed in Kien Giang in 2010 was estimated by the province at
473,494 tonnes which is a 6.3 percent increase on 2009. This implies roughly 32 t caught per boat per
year. A much larger amount of the catch is offloaded at sea and is not factored into this inventory. All
of this dynamic fishery activity generates a large amount of wealth for the associated small to medium
enterprises and 18 processing factories each earning 1.2 - 1.5 million VND/month.
It is difficult to get accurate estimates of the total harvest from the fishing grounds of the West Sea
utilised by the Kien Giang fishing fleet. A rapid increase in the annual catch landed in Rach Gia Port is
evident in Figure 66.
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Figure 66 - Changes in the annual wild fisheries catch landed in Rach Gia. Source Project Survey.

Perhaps a better idea of the fishing effort can be gained by an examination of the total revenue gained
by the processing component of the industry, Figure 68. Comparison of the amount processed and the
revenue reflects a shift in focus from lower quality species to higher end products and higher end
markets. Export quality criteria are being strictly applied and the quality of the final product has been
greatly raised. The data might also be the result of a concentration of aquaculture processing in other
provinces leading to a reduction in the amount of trash fish landed in Rach Gia.

Figure 67 - Fishing boats from other Provinces anchored at Rach Gia. Courtesy M Russell.
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Figure 68 - Comparison of total revenue and amount of fish products processed in Kien Giang from 2008
to 2009. Source: Quynh 2010.
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Around 100,000 t of sea food is landed at Phu Quoc, but from boats registered in many Provinces.
Over 3300 small engine boats undertake local resource extraction, while about 1000 boats travel
further, avoiding conflict areas with Cambodian armed fishermen, going south to the Ca Mau Peninsula
area. About 80 percent of the fish landed on Phu Quoc are frozen and packaged for further processing
in Chau Thanh and some 10 percent is turned to anchovy-based fish sauce. Shrimp, squid and crab are
also fished, with an estimate that total revenue was 650 billion VND a year.

5.4.3.1

Squid resource

There are 10 squid species with high price in the south west sea. The surveys of squid resources in the
Kien Giang fishing areas at December/1993 of Hai Phong (Aquaculture Research Institute) the
capability at 27 stations is estimated about 0.49-35.79 kg/h (according to the density of 11.76-534.56
kg/km2). Average is only 6.21 kg/h. According to the statistical book, the productivity of squid at south
west sea is about 4,000-5,000 tons.

5.4.3.2

Clams

Paphia textile (clam) is distributed near the Ba Lua and Hai Tac islands. Total production is 20,000
tons/year in 1996 and 15,000 in 1997 (Quynh 2010).
Sea Cucumber
There are 6 kinds of holothurian (sea cucumber) around Phu Quoc islands border. Among them,
Holothurian edulis has the highest density of 40.25 /10,000 m2 with a biomass of 3,487.5 gr/10,000 m2.
The total exploited annual resources for holothurian in the sea around Phu Quoc Island is 147,044 kg
and around Coto Island it is 200,879 kg (Quynh 2010).

5.4.3.3

Jellyfish

Jelly fish (Rhopilema hispidum) is harvested in shallow water 0-10 m in the south west sea from an
area of 2,492 km2. In 2009 the resource was estimated to be about 6,100 tons at a density of 1.95 ton/ha
(Quynh 2010).

5.4.3.4

Other Fisheries

Coastal common pool resources, particularly the mudflats, are in the process of being rented out in
some areas. This is most observable off the coast of An Bien where many of the mudflats have been
claimed and fenced and rents have been collected by local authorities. The province has recently issued
a decision providing for the rental of the mudflat areas (Provincial Decision No 35). Juvenile crabs are
also harvested and reared to size in small ponds.
Anadara granosa (blood cockle) is harvested mainly in the tide areas with soft mud and sand in the sea
bottom along the Ca Mau cape to Hon Chong in Northern Kien Giang.

5.4.4

Water resources

Water requirement for rice greatly varies with cropping calendars, cropping patterns and areas. Rice
cultivation consumes more water in the triple cropping than in the double cropping patterns.
Intensification of high-yielding rice varieties with double and triple cropping requires heavy
application of agro-chemicals and a large amount of fresh water for irrigation. Rice farming that is
practiced during the dry season consumes a lot of water. Intensive abstraction of water for the rice
farming in the upper Delta might also exacerbate salinity intrusion downstream, which in turn has
negative consequences on agriculture and aquaculture, domestic water supplies and the environment.
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From discussions with district authorities some areas growing rice and aquaculture in An Minh and An
Bien do not receive large volumes of reliable irrigation water and the areas are considered to be
affected by drought. “Occasionally” there are years when rainy season starts in the “wrong month” or
fails, such as in 2010, when saline water intruded severely. The province does have a feasibility plan to
bring irrigation water to the district but the cost may be too high.
A problematic area is the Tien Hai Island Commune with 14 islands, all dependent on rainwater
harvesting with housing located on low elevation islands.
Water in U Minh Thuong National Park is stored and filtered by the peat in the core zone, thus
providing an important service to local farmers. The water levels in the Park are managed through a
perimeter system of canals and dykes, with a series of gates and internal canals.

5.4.5

Natural areas, biodiversity and forests

U Minh Thuong National Park (UMT NP) in Kien Giang Province was established in January 2002
from a Nature Reserve, with a total core area of 8 ha. The Park is of important cultural significance and
was a base for resistance forces during the First and Second Indochina Wars. The Park is recognised as
one of the three highest priority sites for wetland conservation in the Mekong Delta.
The Phu Quoc National Park (PQNP) was established in 2001 by upgrading the former Phu Quoc
Natural Conservation Area, under the Decision No. 91/2002/QD-TTg of the Prime Minister dated June
8, 2001. PQNP has a high number of forest plant species. A recent biodiversity survey found 1,164
green plant species, belonging to 137 families and 531 genera, in which there are 5 species of
Gymnospermae in 3 families and 4 genera, along with 23 species of Orchids including a new species
for Vietnam, Podochilus tenius. Several wetland ecosystems such as mangrove and Melaleuca forest
exist along with the primary and open Dipterocarp forest, several forms of secondary forest, brushland
and stunt forest on the rocky side of mountains and other vegetation types (WAR 2006).
Results of a wildlife survey made by the Institute of Ecology and Biological Resources in 2005 found
206 wildlife species in Phu Quoc, in 75 families, 24 orders, and 4 classes. PQNP has 28 species of
mammals 119 species of birds, 47 species of reptiles and 14 species of amphibians. Of those, 20
percent (42) of total wildlife species of the park are classed as rare, including 8 species of mammals, 10
species of birds and 24 species of reptiles (WAR 2006).

Figure 69 - U Minh Thuong National Park. Courtesy M Russell.

The karst area around Kien Luong consists of 21 small scattered limestone hills scattered across the Ha
Tien coastal Plain. Their geographic isolation has led to high levels of specialisation and endemism.
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Over 322 plant species and 177 vertebrate species have been recorded in the area. Animals found are;
31 mammal species including the endangered silver langur, 9 bat species, 114 birds (6 of which are on
the UN Red list), 13 amphibian species, and 32 reptile species. There are a large number of invertebrate
species including 65 species of molluscs, (of which 36 are endemic) (Dang 2009).
A study of the Mangroves along the shoreline of Kien Giang found that nearly a quarter of the
mangrove coastline (30 km) is experiencing active mangrove loss due to erosion and overall, one-third
of the coastline is eroded or eroding. Pressure on the mangrove forests through cutting is evident along
77 km of coastline, affecting 58 percent of the mangrove area along the shoreline. Direct mangrove
removal for canal, dyke and industrial construction covered 1.7 km of the coastline. Root burial
associated with litter accumulation in Kien Luong district was observed to have killed an 800 m section
of mangroves near Hong Quao. Extensive litter accumulation was noted to be present on a further 7 km
(4 percent) of the coastline. In addition to wood harvesting, a number of other natural and
anthropogenic pressures were identified from the shoreline survey that are likely to further reduce the
resilience of the mangrove forest to coastal erosion (Duke et al. 2010)
Although greatly reduced, Melaleuca forests still play a very important role in local economies and
confer considerable environmental benefits to the region. Kien Giang has 50,000 ha of plantation
forest. An Bien and An Minh have a combined area of forest of 8000 ha, and Melaleuca forestry is
common on land around the buffer zone of U Minh Tong National Park. Hon Dat Forestry Enterprise
has 33,000 ha of Melaleuca forest. The Forest Enterprise manages the water levels by pumping in
water during the dry season and opening bunds during the wet season. The productivity of Melaleuca
plantations with sub optimal management ranges from 4 to 13 tonnes/ha. At this stage the main
alternative wood products from Melaleuca forests are of low value and sell for well below the cost of
production. Melaleuca sold for chip manufacture sells for 380 VND per kg (ca. 500,000 VND per m3)
debarked at road/canal side.
A Coastal salt production zone exists with 2000 ha of saltpans producing salt with annual yields in the
range of 3-4 t/ha.

5.5 Industry
The industrial sector accounted for 37% of Kien Giang province’s GDP in 2010 (see Figure 60). The
largest industrial sector in Kien Giang province is agriculture-aquaculture-food processing which in
2010 accounted for 48% of industrial value.
The heights above mean water levels (AWL) of the major industrial sector assets in Kien Giang
province are not precisely known. Without a ground-truthed (adjusted for actual ground realities and
actual heights) DEM (Digital Elevation Model) being available, the only way that relevant height data
that could be gathered was to ask interviewees during the March and April 2011 site visits how high
their plants were above water level, and check this with visual observations. So the height AWL of the
industry sector assets given in the following sections is necessarily only approximate.
Kien Giang province has six industrial zones designated (including five new zones) with an area of
1610 ha and four industrial clusters with an area of 281 ha established or under development. The two
significant existing industrial zones/clusters are the Tac Cau industrial zone primarily comprising 35
sea food manufacturing plants and in Kien Luong district with a cluster primarily comprising five
cement manufacturing plants and one packing manufacturing plant. The Tac Cau industrial zone is
based on the existing Tac Cau port seafood processing cluster and clearly has a viable economic future
and should be defendable against foreseeable climate change effects for the life of the existing assets.
However, to date the five new other industrial zones in Kien Giang province are currently occupied by
only 6 new factories, 2 of which are waste fish processing plants.
The new Thuan Yien industrial zone is an example of a new industrial zone being established remote
from the population centres that would be needed to provide the necessary workforce for any new
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factories. It would seem that the Thuan Yien industrial zone may have been chosen more for its lack of
prior residents to resettle, than for its proximity to a suitable workforce.

Figure 70 - New Thuan Yien Industrial Zone near Ha Tien. Source: Frank Pool.

Two economic zones have been designated. The Ha Tien boundary economic zone on the Cambodian
border has been established and was envisaged to be used for machinery and tourist products but is not
currently occupied with any factories or economic activities (see photo as below). Hard fill has been
spread on the site, but there had been no factories or buildings yet constructed at the time of the field
mission in April 2011 in spite of the considerable border traffic and goods being imported and
exported, mostly on spectacularly overloaded motorcycles from Cambodia. With no fixed assets, there
is no exposure to climate change effects.
The Phu Quoc economic zone is envisaged for the tourist industry and would build on the strong
existing and highly attractive tourism base in Phu Quoc. The growth in the Phu Quoc tourism sector
would utilise the new 3000 m long runway passenger jet plane focused airport runway and major new
trans-island roads that are currently under construction, as well as the planned 110 kV submarine
power connection with the mainland.

5.5.1

Construction Materials Manufacturing

The second largest sector in Kien Giang province is construction materials manufacturing, which
accounted for just under 40% of industrial output in 2010, primarily from the two large and three small
cement plants in Kien Luong district - that supply most of the cement used in southern Vietnam. There
is also a machinery sector of around 6% of industrial value, and a apparel (clothing) manufacturing
sector that in 2010 accounted for just fewer than 3% of the industrial sector value. There are ambitious
plans to double the economic contribution of the industrial sector by 2015 compared to 2010, with a
further 65 % increase by 2020 envisaged compared with 2015. However, it is not clear what the source
of inputs for this envisaged industrial growth is, and in the absence of major new industrial processing
inputs it would seem that such ambitious industrial sector growth plans are highly optimistic.
The Ha Tien #2 Cement Plant in Kien Luong town is a 68% Vietnam government and 32% private
investor owned listed joint stock company established in 1961 with a $44 million (VND880 Billion)
capital base. The existing 3000 tpd (tons per day) clinker output dry process plant uses a 1970’s
technology planetary kiln that is one of the last in operation in the world . The plant is currently (2011)
being upgraded in a $150 million (VND3065 Billion) expansion and modernisation project using
German technology, including a 3-stage waste heat recovery 2 MW power generation unit to meet
around 10% of plant internal electrical loads. A 3 MW waste heat power generation plant has
apparently been in use at Ha Tien #2 cement plant since 2001 , but it appears that it is no longer in use.
The Hà Tiên 2 cement plant has three diesel generators each of 2.5 MW capacity, that are now used for
backup power as the plant is now connected to the grid.
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Once modernized, the Ha Tien #2 plant will produce 4000 tpd of clinker and sell 2500 tpd of cement (a
similar cement production rate as the existing plant) and will also apparently sell clinker to the three
smaller nearby cement plants as well as to Cambodia. The Ha Tien #2 cement plant is based on a 35
year remaining lifetime limestone reserve at its adjacent quarries and also uses clay from an adjacent
clay pit. The plant uses 240,000 tons a year of coal imported from Quay Ninh province in the north of
Vietnam. The plant’s site is connected directly to the sea though a waterway, the plant is around 1.5 m
ASL and its cement and clinker production is exported by ship from the adjacent jetty. The ships
supplying coal and exporting cement and clinker are apparently restricted to 1000 tons given the
shallow draft of the plant’s port and for the channel connecting the port with the sea. Total capital
value of Ha Tien #2 plant after modernisation = $194 million

Figure 71 - Existing Ha Tien #2 Cement Plant and Waste Heat Recovery Power Generation Facility.
Source: Frank Pool.

The Holcim (until 2002 Morning Star Cement) plant in Hon Chong, Kiên Lương was established in
1998 (with a US$30 million IFC loan) and had a 4400 tons/day capacity , and had an initial capacity of
1.4 to 1.7 million tons a year of cement (depending on sources). The plant is a joint venture between
the Swiss Holcim group (65%), and the Ha Tien I Cement Company (35%) The cement plant utilizes
three nearby limestone mountains and is apparently a reasonably modern dry process plant. The plant
used 60,000 tons of rice husks as fuel in 2009, as well as using waste plastics and waste footwear as
thermal fuel. The Holcim Hon Chong cement plant has 6 diesel generators, each of 5.5MW capacity
for a total of 33MW. From its inception in 1998 until 2006, the Holcim plant used its own diesel
generators to meet its electricity needs. Since 2006, the Holcim plant has been connected to the
national grid through its own 110 kV substation.
Funding of US$18 million has been approved for a 6.3MW waste heat recovery power generation plant
with potential associated CDM benefits. The installed capacity of the Hon Chong cement
manufacturing plant in 2010 was 4,500 tons of clinker per day. Est. total capital value = $100 million.
The major Kien Luong cement plants are the largest single energy and industrial sector assets in Kien
Giang province. The Ha Tien #2 and Holcim cement plants will certainly continue to operate for the
next 35 years as the remaining limestone reserves at their adjacent quarries is fully utilized. The plants
will presumably be the subject of another mid-life upgrade in their 35 year remaining limestone reserve
lifetimes, and then the opportunity could be taken to move it to higher ground or raise the elevation of
key items of plant if sea level rise was seen as a major risk. Alternatively the existing plant sites could
be defended with technically straightforward and cost-effective dykes and pumps as required.
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Figure 72 - Holcim Hon Chong cement plant. Source: Michael Russell.

There is also a coal fired tunnel kiln brick making plant and associated 14 m deep 50 ha clay mine
(with 50 years clay supply capacity) located in Block 4, Xa Ngach, Kien Luong Town . The tunnel kiln
and associate brick making equipment comes from South Korea. The plant supplies 5-10% of the brick
demand in the South-West of Vietnam. The publicly listed Kien Giang Brick Tile JSC plant was
established in 2002 with a capital base of 36 billion VND ($1.7 million), revenue of VND 30
Billion/year ($1.5 million), has 126 employees, is located 2.5 m ASL, already uses pumps in the wet
season for its clay mine, but in any case should be able to be cost-effectively and readily be defended
by a dyke and pumps if required. Capital value = $1.7 million

5.5.2

Seafood Processing

The second largest capital value industries in Kien Giang province are (in descending order) wild fish
processing, fish meal production, and shrimp processing - with a total of around 35 plants. Most of the
Ken Giang seafood processing industry is based at Tac Cau port, located 20 km SE of Rach Gia). The
Tac Cau seafood processing area has recently been designated as a formal industrial zone, with
associated incentives for new investments. The Tac Cau Industrial Zone, at Vinh Phu Hoa commune,
Chau Thanh district, stands out as a very positive example of a formal industrial zone being based
around an existing cluster of related activities (utilising local (fish and shrimp) resources) and where
Kien Giang province has a clear natural competitive advantage. The Tac Cau industrial zone is located
on a waterway with the land being only a limited height above water level (AWL). However, the Tac
Cau industrial zone is compact enough at 64.5 ha that it should be possible to protect it with a dyke and
pump system if required. It would be useful if a more specific study of climate change risks and
adaptation options was to be undertaken for the Tac Cau industrial zone. There is also a cluster of six
modern and prosperous looking fish meal production plants at another site in Chau Thanh District (10
total in Kien Giang Province) located about 80 cm – 150 cm AWL, and possibly defendable with dykes
and pumps if required. For the Tac Cau seafood processing and nearby fish meal plants, the site areas
are small enough to defend if required.
There is also a major fermented fish sauce industry on Phu Quoc Island where there are around 150
small scale plants using small fish and in particular anchovies. The fish sauce plant that was visited was
only about 1 m above sea level and located next to a wharf in the harbour of the main town of Duong
Dong. However, due to the relatively low fixed infrastructure investment of the fish sauce plants (as
below) , they are not assessed as being very vulnerable to climate change impacts, and in any case there
is ample nearby higher elevation land that the plants could readily relocate to if required.
It is estimated that the fish (wet fish and fish meal) and shrimp processing industries employ around
5,000 people in Kien Giang province.
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5.5.3

Tourism

Rach Gia is already a significant domestic tourism destination. However, Phu Quoc island is the main
tourist destination in Kien Giang province, and major new investments are underway with a new
international airport (with a 3000 m long runway for large jets, located at 7 m ASL and with a capital
cost of $970 million ) )and three major trans-island roads under construction (estimated cost $19.75
million ). These developments are designed to make Phu Quoc into a major international and domestic
tourist destination. Phu Quoc’s white sand west coast beaches are the main draw card for tourists and
would possibly be at some risk from any coastal erosion effects related to climate change, but the exact
risk from climate change effects and any relationships with other natural changes is unknown.

5.5.4

Other Industries

There is a Hakipack JSC packaging materials manufacturing plant in Kien Luong town with 540
employees but with a very low 40 billion VND capital base ($2.1 million) compared to its 180
billion/year ($9 million/year) revenue. The plant was established in 1997, and primarily produces
polypropylene (PP) bags for the nearby cement plants, with 27% of its products being exported. The
plant is around 1 m AWL and has been previously inundated when there was a combination of heavy
rain, high seas and high river levels. With inundation the plant stops operation but there is apparently
no permanent damage. A 50 cm water rise in the next 20 years is expected by the plant’s management,
so the Hakipack plant is starting construction of 2 m high wall around the plant. If inundation became
an increasing problem then the plant would build a dyke around the plant which would not be very
costly. Plant capital value = $2.1 million.
There are approximately ten ship building yards, ranging from yards that build and repair steel hulled
ships of capacity up to 1500 tons, to ship yards that build and repair wooden offshore fishing boats, to
plants building fibre glass (composite) long tailed boats (generally 7-8 m long and 80-90 cm wide, also
called “canoes”) that cost $1000 each when fitted with a small petrol engine outboard motor included
(similar to the $1200 new price for a new 100 - 110 cc motorcycle). Most of the ship building plants
are small, have minimal capital asset bases and employ less than 100 permanent staff and labourers.

Figure 73 - Composite (Fibreglass) Canoe Manufacturing Plant. Source: Frank Pool.
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Figure 74 - Wooden Offshore Fishing Boat Building Yard Showing Informal Infrastructure Utilized.
Source: Frank Pool.

At Hamlet 5, Long Thanh village, Giong Rieng District there is the Kien Giang Sugar JSC’s maximum
900 tpd (tons per day of sugar cane) small-medium size sugar cane processing plant established by the
provincial government in 1997 and rebuilt over the 2 years to 2008. The plant processes 600 tpd of
sugar cane, which is 60% sourced from Kien Giang province and 40% imported from other provinces.
The site area is 5 ha and the plant occupies 3 ha. The Australian technology plant has a 2 MW Japanese
steam turbine operating at a low 3500C turbine inlet temperature (using steam from an Indian boiler) to
reduce costs and designed (as is the case for most sugar cane bagasse fired boilers) to essentially
incinerate the bagasse waste produced and to just supply internal plant electrical loads, rather than to
optimise electricity generation for export to the power grid. There would be probably at least 2MW
(and probably more) of 6 months/year power export potential if a competitive power export tariff and
predictable and simple grid interconnection arrangements were available.

Figure 75 - Giong Rieng District Sugar Cane Processing Plant and Steam Turbine. Source: Frank Pool.
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The sugar cane processing plant site is about 1.5 m above water level on a river that is not tidal, the
river is only saline for 1 month a year. The site has never flooded, so the exposure to climate change
impacts is judged to be minimal, as is its vulnerability. The plant could be protected with a dyke and
pumps if required. Revenue of VND144 Billion/year (US$7M) gives the plant a 17.5 month capital
payback from its revenue. Capital base = VND210 Billion (USD11 million).
A wide range of other mainly service industries operate in the province, such as furniture making and
construction, but most individual businesses are small and have low fixed assets (primarily in minimal
asset value buildings), with most of their capital assets being in machinery which is either old, portable
or movable, and would have a liquid remaining asset value. The main climate change impact on such
businesses would be on the value and availability of any replacement land compromised by climate
change effects, not on any climate change effects on buildings, plant or machinery.
As is the case in Ca Mau province, a large industry subsector in Kien Giang province seems to be ice
making. For reference, the largest ice making plant in Giong Rieng District provides ice to the
households and restaurants for a population of around 100,000 people (the plant serves around 50% of
the 200,000 population of the Kien Giang district). An estimated around 75% of the plant capital value
would be in its chillers and water treatment plant (which could be relocated as required), the remaining
25% would be in low value simple cooling towers, ice making pond, lightweight buildings. The plant is
25 years old, has only four employees beyond family members, and is expected to close when the
owner retires as his one son is not interested in continuing in the family business. The plant could be
protected by a dyke or the factory floor level could be raised, occasional inundation would probably
mainly affect the plant from lost production rather than from major damage costs, but the main current
business issue facing the plant is the around 20 power cuts of around half a day each in the dry season.
There are also expected to be the equivalent of 40 ice making plants in Kien Giang province making
ice to service the shrimp and fish industries with ice to keep catches fresh when being transported to
processing plants or to markets, A typical ice making plant would have only limited capital per plant,
and a plant economic life around 20 years. For an estimated 200 Kien Giang province ice making
plants this would give an estimated total capital investment of $24M

5.6 Energy
Kien Giang province has a modern and extensive power distribution system. Medium (22/12.7 kV) and
low voltage (380/220 V) poles mostly date from 1997 and later, and apparently have a 10 year design
life, but they should last longer in practice as it seems that few poles dating back to 1997 have yet been
replaced. The high voltage 110 kV (and some old 35 kV) and the medium voltage 22/12.7 kV
provincial distribution system towers/poles and transformers should have a 30 year economic life. The
power distribution system is generally technically reliable. The total number of poles in the province is
probably around 100,000. Estimated total capital investment of $35M.
The major transmission components of the province are illustrated in Figure 76. Kien Giang province is
connected by high voltage 110 kV inter province high voltage systems, and to the 220 kV national
backbone power grid to the rest of Vietnam. Kien Giang province is supplied by the 220 kV Rach Gia
2 substation including 220/110 kV – 250 MVA and 125 MVA transformers, supplying all 110 kV
substations in Kien Giang and some in An Giang and Hau Giang provinces as well. The 220 kV Rach
Gia 2 substation is connected to Tra Nóc – Rach Gia 2 (one electric circuit), Cà Mau power plant (2
routes, three circuits) and 220 kV Thốt Nốt substation.
There is also a 220 kV Rach Gia 2 – Kien Lương 2 line that is being used as a 110 kV line until 2011
when the 220 kV Kien Lương substation is expected to be completed. The length of 220 kV lines in
Kien Giang province is not detailed separately from the total length of the lines in other provinces. All
220 kV towers are steel. There are 180 km of 110 kV lines in Kien Giang province. All 110 kV towers
are steel on concrete bases. There are ambitious plans for extensive new 220/110 kV high voltage lines,
as well as a twin 120 km very high voltage 500 kV line from Kien Loung to Thốt Nốt for the proposed
new Kien Luong coal fired power complex.
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Figure 76 - Transmission Lines in Kien Giang.

In Kien Giang province there are 3,254.2 km of 22/12.7 kV medium voltage power lines comprising
1,553 km of 3 phase lines and 1,701.2 km of single phase lines. New medium voltage lines are mostly
12.7 kV single phase lines as they provide enough electricity capacity to meet household uses. There
are also 151.2 km of 15 kV medium voltage lines used on Phú Quốc Island. There is one 37 km long
35 kV line from An Bien supplying electricity to the 6.3MVA 35/22 kV Vĩnh Thuận substation. The
other previous 32 km of 35 kV lines have been transferred to 22 kV. All medium voltage towers are
concrete. There is a total length of low voltage lines of 5,495.8 km, all using concrete poles.
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There are around 20 power outages, each of half to full day duration, in the dry season each year when
the national EVN grid runs out of generating capacity from its hydro power stations in central and
northern Vietnam. Many industries therefore have back-up diesel generators.
As well as Phu Quoc Island, nine small islands have their own diesel generator powered stand-alone
electricity grids funded by Kien Giang province. Since July 2004, Phu Quoc Island’s electricity supply
has been provided by the new Phu Quoc diesel power plant. This plant is managed by the Kien Giang
EVN, and is located 5 km from (the main Duong Dong town on Phu Quoc. The Phu Quoc power plant
and associated power system details and future expansion plans are included in the separate Phu Quoc
Power System Annex D. All small diesel generators in Kien Hai district are controlled by Kien Hai
management unit; others in Phu Quoc district are controlled by each commune. The tariffs charged
vary but they are all cross-subsidised with eh rest of Kien Giang province to keep the tariffs at a more
affordable level.

5.6.1

Future Plans

The major Kien Luong Power Plant is planned to be built by the private Tan Tao Group (ITACO),
aiming for a total capacity of over 4000 MW, total cost of around $7 Billion, officially aiming for the
first 1.440MW to be in operation by 2015. The proposed power project would be the first major private
power plant development in Vietnam to be financed, constructed and operated as a BOO (Build Own
Operate) project. The first Phase is variously described as 2*600MW or 2*720MW units with a cost of
US$2.5 - $3 Billion, including a new Nam Du archipelago deep-sea port complex on Hon Lon Island
for imported coal on 70,000 - 150,000 DWT ships to be trans-shipped onto 5,000 to 10,000 DWT ships
for transport to the proposed power plant . The project is apparently mentioned in Power Master Plan
IV. It is claimed that nearly $100 Million has been spent on 88 ha of reclamation to a height of 3.27 m
in a 3 to 13 m depth sea site for the power plant, with 6.5 - 8 km of reinforced concrete 28-44 m sheet
piles to form a breakwater being claimed, although a visit to part of the site did not reveal any sheet
piles at the area visited.
When the proposed Kien Luong power plant site was being visited, the fill being used on the offshore
site clearly came from a borrow pit just inland from the site and not from an inland quarry as was
claimed. The composition and dumping of the fill also seemed to be remarkably haphazard for a
proposed major power plant site. The total power plant design capacity is apparently 4400MW over
three phases, for a total cost of US$7 Billion, coal use apparently would eventually be 10 million
tons/year and would come from one or more of Australia / Indonesia / Russia . ITACO claims to have a
loan with Standard Chartered Bank of $1.6-1.8 billion and claims to have the loan guaranteed by the

Figure 77 - Proposed Kien Luong Power Plant Site. Source: Frank Pool.
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Vietnamese Government. ITACO apparently aims to fund 20% ($500 Million) of the project itself,
which seems remarkably ambitious as ITACO’s 2009 revenue was only $60 million and its profit was
claimed to be $21 million.
The Kien Luong Power Plant project is clearly highly ambitious as it would be extremely highly
leveraged and also ITACO has no experience in successfully developing large thermal power plants,
nor has any such plant yet been developed under the BOO (Build Own Operate) modality in Vietnam
to date. The project appears to have faced considerable implementation difficulties to date, its support
from provincial authorities appears uncertain at best, and its current status is at best problematic.
A World Bank loan has been approved for a new 48 km submarine cable connection to Phu Quoc.
A new electrical spur line from the main EVN provincial substation connection at 110 kV to Ha Tien is
apparently planned to be built with EVN’s own funds. The new 110 kV line to Ha Tien will decrease
the losses of the current 22 kV coastal line that currently provides power to Ha Tien. The new 110 kV
line will also provide the connection and extra electricity capacity for the ambitious industrial and
economic zones planned for the Ha Tien area to 2020, and then it is planned to be upgraded to 220 kV
as required. The new 110 kV line will also provide the power for the upcoming planned Phu Quoc
undersea submarine cable connection.
The 110 kV inter-provincial and provincial feeder lines are apparently planned to be increased to 220
kV if and when loads increase sufficiently to justify such upgrades. The 110 kV submarine cable to
Phu Quoc is apparently designed to be upgraded to 220 kV if the loads on Phu Quoc increase beyond
the design 10MVA capacity at the current design 110 kV line (noting that Phu Quoc is currently
provided with electricity from a 12MW diesel power station).
One 10MW grid connected rice husk fuelled power plant is included in tentative future plans but there
has apparently been little detailed investigation or design work undertaken to date. The rice production
in Kien Giang province would be sufficient to support three such power plants.
Kien Giang province is clearly a province with major additional shrimp growing potential area, in spite
of official attempts to maintain a certain percentage of the province in rice production. An ongoing
shift to aquaculture would lead to a consequential shift from single phase 12.7 kV to 3 phase 22 kV
lines (currently in nearly equal proportions) as single phase lines provide enough electricity capacity
for domestic demand but not enough for manufacturing, aquaculture and agriculture uses.
Fish processing of coastal and sea caught fish is already a major industry in Kien Giang province,
although there are some questions around the sustainability of some of the seafood catches, such as
shrimp. One of the largest processing plants in Tac Cau (the main seafood fishing cluster area and now
being established as a formal industrial zone) was visited and it was found that its main export was
uncooked pressed frozen 10 and 20 kg blocks of raw fish (surimi) that is exported to the USA, Europe,
Korea and Taiwan where it is processed into fish balls and crab sticks. There is thus the potential for
further processing to take place at plants in Tac Cau and for higher value finished products to be
exported instead of simple relatively low value raw frozen bulk blocks of fish.
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5.7 Transport
Unlike Ca Mau, transport of goods throughout
Kien Giang is mostly by road except
agricultural products (it has the largest rice
growing area in the country) and construction
materials which use the Cai Lon river south of
Rach Gia and the canal from Rach Gia to Ha
Tien (originally constructed in the 1930’s to
carry fresh water to Ha Tien). Water transport
is also a key means of access through
channels into rural areas where there are few
roads (there are 83,000 inland boats of all
types). As in Ca Mau there is increasing
salinity of surface water: only east of the
SCC/NR 80 is there still guaranteed fresh
water. The NRs 80 and 63 are the main routes
along the coast serving all the main urban
centres: the other main route is NR 61 which
links eastwards to Can Tho.
Figure 78 - The major canal systems of Northern Kien
There is one main inland port at Tac Cau south Giang. Source: Vietnam Inland Waterways
of Rach Gia for 500 – 1000 tons boats. Marine
fish landed in the Province is taken to Tac Cau as it has an industrial zone for fish processing. Much is
also sent onwards from there to Can Tho and HCMC inside polystyrene containers on refrigerated
lorries. The cheaper catch is sold locally. Rach Gia itself is only used for ferries. The lack of a
mainland deep water port has been noted as a key factor restricting the Province’s growth, despite its
key location on the border with Cambodia.
The province has a more mixed economy than Ca Mau with tourism and cement production (in
northern areas) being key main differences. The former takes several forms, from international and
domestic visitors to Phu Quoc, border/historical tourism at Ha Tien; and weekend trips for domestic
tourists to Rach Gia for relaxation.

Figure 79 - Fish being packaged for export and ready for local markets: Tac Cau port. Source: Ian
Hamilton.
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5.7.1

Roads and Ports

The domestic airports at Phu Quoc and Rach Gia play an important role in supporting the Province’s
development: there are daily flights linking both to HCMC with Rach Gia often being used as a
convenient weekend stopover. The Phu Quoc airport has one 2,100 x 30 m runway and is able to
handle 200,000 passengers per year. At Rach Gia the runway is 1,500 x 30 m with a capacity of 80,000
passengers. The airport at Ha Tien is currently closed with no plans for it to reopen.
Ferries also cement the relationships between the big 3 centres with both fast passenger ferries and
slower vehicle ferries. The crossing from Ha Tien to Phu Quoc takes one hour by fast boat or 3 hours
using the vehicle ferry. The longer crossing
from Rach Gia to Phu Quoc takes around 3
hours by fast boat. Water transport is also a key
unofficial travel mode between smaller urban
centres
The current elevation codes of roads are based
on flooding records for the past 5 years and are
collected every year. Actual designs of
new/improved roads are based on flood records
and local conditions. National Roads are
designed for 1 in 100 year floods and Provincial
Roads for 1 in 50 year floods. Road details for
the strategic National and Provincial highways Figure 80 - Phu Quoc water transport. Source: Ian
Hamilton.
are contained in the next chapter.

5.8 Urban Settlements
There are three major population centres within the 15 Districts of Kien Giang province, Error!
eference source not found.. The centres are; the cities of Rach Gia (on the coast in the centre of the
Province); Ha Tien (at the northern tip on the border with Cambodia); and the island of Phu Quoc,
which from an urban classification point of view consists of several small towns (capital is the town of
Duong Dong) and villages.
Table 36 - Current Urban Population of Kien Giang (2010).

No.

Centre

Urban
Population

Area
(km2)

Density
(pp/km2)

Class

1

Rach Gia City

226,963

103.6

2,190.76

II

2

Ha Tien City

45,810

82.4

555.95

IV

3

Phu Quoc Island

93,654

589.2

158.95

IV

4 – 15

All other centres

< 15,000

V

Source: Provincial Development Report 2010.

5.8.1

Urban Utilities

5.8.1.1

Urban Water Supply

Kien Giang Water Supply and Sanitation Company (KGWSS) supplies Rach Gia, Ha Tien, Phu Quoc
and 8 other Districts with potable water. For the whole of the province production is 60,000 m3/day.
The subsidised cost to users is VND 4,850/m3 and resulting revenue is almost VND 100 billion/year.
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Rach Gia City
Officially there is only 85% coverage as some large outlying rural areas are classed as urban. The
production of 34,000 m3/day is from surface water with a small amount of groundwater as backup.
Current capacity is between 34 – 40,000 m3/day. Groundwater can be salty at 7-800 mg/litre and can
reach 1,000 mg/litre in the dry season. Iron is present in the water but no arsenic has been reported.
The surface water source experiences saline intrusion from March – May. It can extend 30 km
upstream in the dry season whereas the intake is only 5 km from the sea. The problem becomes worse
every year. As a solution there are 2 reservoirs to store
water in the dry season. The largest is concrete lined
(500,000 m3) which cost VND 20 billion to construct.
It can hold a supply for 10 days (another 2 days at
smaller reservoir).
Maximum use has been the full 12 days in a row. It
takes one week to fill the reservoirs pumping from the
canal. There are tube wells in the city as a backup in
the dry season.
A smaller reservoir is next to the WTP (60,000 m3
built with ADB money). Treatment is iron removal, Figure 81 - Treatment Plant & small
filter, and chlorination. Output is potable but may be reservoir, Rach Gia. Source: Ian Hamilton
contaminated later in the network.
Ha Tien City
The current plant was built through Australian ODA. Phase 1 is complete and produces 8,000 m3/day.
Development has now started to double output. It serves 100% of Ha Tien households and part
(commercial) of Kien Luong District and Giang Thanh. The company is aware of expansion plans for a
power plant and industry in Kien Luong District. Water supply is from the reservoir served by surface
water on District Road 91 east of the town. There is a WTP on the coast downstream of the reservoir.
No salinity issue so far.
Phu Quoc
One plant produces 5,000 m3/day. Water supply to the main town of Duong Dong is from a large lake
in the centre of the island. The rest of the island uses a mixture of ground and surface water.

5.8.2

Urban Drainage, Sewage Disposal and Solid Waste

Rach Gia City
Drainage: Flooding problems are only experienced in the city at high tide and with continuous rain for
3 – 5 hours. Observation shows roadside drainage is ineffective (blocked and insufficient gradient) in
new urban expansion areas to the south. A sea wall (RC) of EC plus 70 cm (2.4 m) already exists in
Rach Gia. It currently runs to the Nam Nho restaurant in the southern expansion area. DoT believes
that it will be unviable to raise the level of all buildings and roads above expected flood levels and
logistically difficult. It prefers to rely on the current/improved dyke for future protection.
Sewage Disposal: Some 70% of urban households use septic tanks based on a long established rule
when building dating back to 1990’s. They are mostly in backyards: and cleaned every 5 – 7 years by a
semi-government company. Older urban areas mostly don't have such facilities.
Solid Waste: There is a landfill area. The total site area is 20 ha of which 10 ha each is for bio-digester
and landfill. Dumping is layered. Each layer is sprayed with chemicals and the finished hole covered
with soil.
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Ha Tien City
Solid Waste: There is a solid waste plant north of
town which was built using Australian technology and
funds. It started operation in 2008 and has a design
capacity of 200/tons/day but currently only receives 30
– 40 tons/day. It is expected to last for 20 years. It has
leachate processing and disposal. All ponds are lined
and sealed.
Sewage Disposal: Septic tanks are used for most
households.
Drainage: There is a natural tidal lake behind the
town. Authorities are currently building a dyke around
lake to a height of 1.6 m. There is no provision for sealevel rise along coast in the current draft master plan. Figure 82 - Leachate ponds Ha Tien. Source:
Ian Hamilton
But authorities are planning a feasibility study for a
dyke.
Phu Quoc
There is a pilot sewage treatment scheme in town using Korean technology. No details were available
although officials interviewed thought it was inefficient. Most use septic tanks. There is one solid
waste dump site.
Other Centres
There is some annual flooding in Hon Dat, Tan Hiep, Kien Luong and An Bien. It can reach 1.25
metres and lasts 3 – 4 months (September to November). The cause is river over-topping from heavy
flows upstream in the Mekong. Some flooding is experienced in low-lying areas and during high tides
for short periods. Essentially all areas to the west of the NR 80 (and future SCC) flood during the wet
season.

113 | P a g e

